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Prologue

Every scientific discipline is built upon a relatively small number of concepts that
appear so familiar that they are rarely questioned. Their meanings seem self-evident,
their use becomes routine, and entire research traditions grow around them without
pausing to reconsider whether the conceptual foundations on which they rest remain
adequate for the questions that later generations wish to ask. From time to time,
however, science reaches moments in which these apparently settled concepts begin to
reveal unexpected ambiguities. The words remain the same, yet the phenomena they
are expected to explain become increasingly diverse, exposing tensions that had
previously remained hidden beneath the stability of accepted terminology. It is often at
these moments that progress no longer depends on accumulating additional evidence,
but on revisiting the concepts themselves.

The concept of cognition appears to have reached precisely such a moment.
During the last century it has become one of the central organising ideas of
neuroscience, cognitive psychology, artificial intelligence, behavioural biology,
philosophy of mind, robotics, cybernetics and complexity science. At the same time, it
has gradually entered disciplines that historically belonged far from the cognitive
sciences, including economics, organisational studies, public administration, strategic
management and governance research. Governments are said to learn. Organisations
are described as processing information. Institutions are portrayed as remembering,
anticipating, adapting and coordinating increasingly complex environments. Artificial
intelligence has demonstrated that sophisticated cognitive capabilities can emerge within
non-biological systems, while distributed cognition has challenged the assumption that
cognitive processes necessarily reside within individual minds. As these developments
have accumulated, the apparent unity of the concept has become progressively more
difficult to sustain.

What once appeared to be a relatively well-defined scientific notion has gradually
expanded until it now encompasses phenomena of very different kinds. Some
researchers continue to understand cognition primarily as neural information processing;
others identify it with mental representation, while still others describe it as adaptive
behaviour, embodied interaction, computational inference or distributed organisation.
These perspectives are not necessarily incompatible, yet neither do they converge upon
a single operational definition capable of supporting interdisciplinary research. Instead,
they reveal that cognition has become a concept whose scientific importance has
increased precisely as its conceptual boundaries have become more uncertain.

This ambiguity would be of limited consequence if cognition remained confined
to the study of biological organisms. The present century, however, has profoundly
altered the context within which the concept operates. Atrtificial intelligence has produced
systems capable of performing tasks that, until recently, were considered reliable
indicators of cognitive competence. Public institutions increasingly depend upon large-
scale information infrastructures capable of sensing, interpreting and responding to
societal change. Complex socio-technical systems exhibit forms of distributed
coordination that resemble cognitive organisation without corresponding to traditional
psychological models. At the same time, the accelerating integration of intelligent
technologies into public governance has begun to blur the distinction between human
decision-making, organisational processes and computational support systems.
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These transformations raise a question that extends beyond any single discipline.
Before asking whether artificial systems, collective organisations or public institutions
can meaningfully be described as cognitive, it becomes necessary to ask a more
fundamental question that contemporary science has not yet answered with sufficient
precision: what exactly is cognition?

It is tempting to assume that this question has already been resolved. After all,
decades of research have produced an enormous body of literature devoted to cognitive
processes, neural mechanisms and intelligent behaviour. Yet a closer examination
reveals that much of this work presupposes the very concept it seeks to investigate.
Definitions frequently reflect the explanatory priorities of particular disciplines rather than
providing a framework capable of connecting them. Neuroscience naturally explains
cognition through neural organisation because its object of study is the nervous system.
Artificial intelligence evaluates cognition through functional performance because its
concern lies with computational architectures. Psychology focuses on mental processes
because it investigates individual behaviour. Systems theory emphasises organisation
because it seeks principles applicable across different classes of complex systems. Each
perspective is internally coherent, but each also carries assumptions that become
increasingly restrictive when transferred beyond its original domain.

The consequence is methodological rather than merely terminological. A concept
defined too narrowly risks excluding phenomena that deserve investigation before
evidence has even been considered. Conversely, a concept defined too broadly loses
explanatory power by becoming indistinguishable from general adaptation or information
processing. If cognition is equated exclusively with neurons, then no artificial or
institutional system can ever qualify as cognitive by definition. If it is identified with any
adaptive behaviour whatsoever, then thermostats, ecosystems and financial markets
become cognitive in ways that render the concept almost meaningless. Neither extreme
provides a satisfactory foundation for scientific inquiry.

The purpose of this Research Validation Paper is therefore neither to defend nor
to reject the hypothesis that public institutions can be analysed as cognitive systems.
Such a conclusion would be premature. Before any empirical investigation can begin,
the conceptual terrain itself must be clarified. This document undertakes that preliminary
task by examining how the principal scientific traditions have understood cognition,
identifying the functional principles that recur across disciplines and progressively
constructing an operational definition capable of supporting rigorous comparison
between biological, artificial and institutional systems. Rather than asking whether
cognition belongs exclusively to one material substrate, the analysis proceeds from the
hypothesis that cognition may be more fruitfully understood as a particular mode of
functional organisation whose concrete implementation varies according to the nature of
the system under examination.

If this hypothesis proves untenable, the broader research programme on
Institutional Cognition will necessarily require substantial revision. If, however, the
interdisciplinary evidence supports such an interpretation, then the implications extend
far beyond the study of public administration. It would suggest that cognition is not best
understood as the exclusive property of particular physical structures, but as an
emergent organisational phenomenon whose defining characteristics can be
investigated across multiple domains without reducing one to another. Under such
conditions, the question of whether institutions exhibit cognitive properties would cease
to be a matter of metaphor and become instead a legitimate scientific problem open to
systematic examination.
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It is with this objective that the present investigation begins. Not by assuming that
institutions think, nor by denying the possibility outright, but by returning to the most
fundamental question of all, asking once again what science means when it speaks of
cognition, and whether that meaning is sufficiently precise to sustain the new questions
that the twenty-first century has made impossible to ignore.

David Gonzalez
Director
IDHUS Institute
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Chapter 1

The Problem of Cognition

The history of science repeatedly shows that the most influential concepts are
often those whose apparent familiarity discourages further examination. Once a term
becomes deeply embedded within the language of a discipline, its meaning gradually
begins to function as an implicit assumption rather than as an explicit object of inquiry.
Researchers employ it with confidence, theories are constructed around it, empirical
studies accumulate in its name and entire fields of knowledge organise themselves
according to its conceptual boundaries. Yet precisely because these concepts become
so familiar, it is easy to overlook the possibility that their apparent clarity conceals
unresolved ambiguities whose consequences only become visible when the discipline
begins to expand beyond its original domain.

Few contemporary scientific concepts illustrate this situation more clearly than
cognition. During the past seventy years it has become one of the central organising
ideas of an extraordinary range of disciplines. Neuroscientists investigate the neural
mechanisms of cognition, psychologists analyse cognitive processes, philosophers
debate the nature of cognitive representation, artificial intelligence researchers attempt
to engineer cognitive systems, evolutionary biologists examine the adaptive origins of
cognition, while systems theorists increasingly describe cognition as a general
organisational phenomenon. Beyond these traditional fields, the vocabulary of cognition
has also entered economics, organisational theory, public management, strategic
studies and governance research, where institutions are routinely described as learning,
remembering, processing information, adapting to change and making decisions under
uncertainty.

At first sight, this remarkable diffusion might appear to indicate that the scientific
community has reached broad agreement regarding the meaning of cognition. The
opposite, however, is closer to the truth. The more widely the concept has been adopted,
the less evident it has become that different disciplines are referring to precisely the
same phenomenon. The word has remained stable, but the theoretical object designated
by that word has gradually diversified until it now encompasses processes that differ
profoundly in their mechanisms, scales of organisation and explanatory purposes. What
neuroscience calls cognition is not necessarily identical to what artificial intelligence
seeks to reproduce. What cognitive psychology investigates differs in important respects
from the organisational learning studied in management science or the adaptive
regulation analysed in cybernetics. Rather than converging upon a single definition,
contemporary research has produced a constellation of partially overlapping
interpretations that coexist without complete conceptual integration.

This observation should not be interpreted as evidence of scientific failure. On
the contrary, it reflects the extraordinary richness of the phenomenon itself. Different
disciplines inevitably illuminate different aspects of cognition because they investigate
different kinds of systems, employ different methodologies and pursue different
explanatory objectives. Neuroscience seeks to understand how biological nervous
systems generate intelligent behaviour; psychology focuses on the mental processes
that mediate perception, memory and reasoning; artificial intelligence investigates the
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computational architectures capable of reproducing selected cognitive functions;
systems theory explores the organisational principles that enable complex adaptive
systems to maintain coherence within changing environments. Each perspective
contributes genuine knowledge, yet each also carries assumptions that are closely linked
to the specific domain from which it emerged.

The difficulty arises when these domain-specific definitions are implicitly treated
as universal definitions. Concepts that function perfectly within one scientific tradition
begin to generate unintended constraints when they are transferred to fundamentally
different contexts. A neuroscientific definition centred upon neuronal dynamics is entirely
appropriate when studying biological brains, but becomes problematic if the research
question concerns artificial intelligence or distributed organisational systems. Likewise,
a computational definition developed within artificial intelligence may capture important
functional properties while overlooking characteristics that are essential for
understanding embodied biological cognition. Similar limitations appear throughout the
literature whenever a definition constructed for one explanatory purpose is extended
beyond the conditions under which it originally acquired its scientific validity.

This methodological problem becomes particularly significant for the present
research programme because the central question we wish to investigate lies precisely
at the intersection of several disciplines. Asking whether public institutions can be
analysed as cognitive systems is not equivalent to asking whether governments possess
brains, subjective experiences or human consciousness. Nor is it sufficient to observe
that institutions process information, since information processing alone does not
necessarily constitute cognition. The research question occupies a conceptual space
that none of the existing disciplinary definitions was originally designed to address.
Consequently, adopting any one of those definitions without careful examination would
amount to deciding the outcome of the investigation before the investigation itself has
begun.

The temptation to resolve this difficulty by selecting the "best" existing definition
should therefore be resisted. Such a strategy would merely replace one conceptual
limitation with another. A more productive approach begins by recognising that the
apparent disagreement among disciplines may conceal a deeper form of agreement.
Although researchers employ different vocabularies and emphasise different
mechanisms, many of their descriptions appear to converge upon a set of recurrent
functional characteristics that transcend the particular systems being investigated. The
challenge is not to determine which discipline owns the concept of cognition, but to
identify whether these recurrent functional patterns can provide the basis for a more
general operational framework.

The distinction between definitions based on mechanisms and definitions
based on functions will prove decisive throughout this Research Validation Paper.
Mechanisms explain how a particular system implements cognition. Functions describe
what cognitive organisation enables a system to accomplish. Confusing these two levels
of explanation has generated many of the conceptual difficulties that currently
characterise interdisciplinary debates. The same function may be implemented through
neurons, computational architectures or organisational procedures without those
implementations being identical. Conversely, superficially similar mechanisms may
support very different functional outcomes. Clarifying this distinction is therefore not an
exercise in semantics but a prerequisite for rigorous scientific comparison.

© IDHUS Institute 9



RVP-001 Operational Cognitive Architecture: A Functional Theory of Cognition

It follows that the objective of the present chapter is not to define cognition. That
task would be premature. Before constructing a new operational definition, it is first
necessary to understand why existing definitions remain insufficient for the questions
that contemporary science has begun to ask. Only by recognising the limitations of the
current conceptual landscape can we appreciate why a different methodological strategy
becomes necessary.

The next chapter therefore turns to the scientific traditions that have shaped our
present understanding of cognition. Rather than treating them as competing theories, we
shall examine them as complementary perspectives upon a phenomenon whose
complexity exceeds the explanatory reach of any single discipline. Only after
reconstructing that broader intellectual landscape will it become possible to ask whether
an operational definition can emerge that preserves the insights of each tradition while
remaining sufficiently general to support the investigation that lies at the heart of the
Institutional Cognition Programme.
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Chapter 2

The Many Sciences of Cognition

If the previous chapter established that no universally accepted definition of
cognition currently exists, a natural question immediately follows. How did such
conceptual fragmentation arise around one of the central notions of contemporary
science? The answer cannot be found simply by comparing definitions, because
definitions are themselves the products of broader scientific traditions, each shaped by
its own objects of study, methodological commitments and explanatory ambitions. To
understand why cognition has acquired so many different meanings, it is first necessary
to understand why different disciplines began asking different questions about it.

Seen from this perspective, the history of cognitive science is not primarily the
history of competing theories but the history of an expanding field of inquiry. Each
discipline entered the study of cognition in response to limitations that had become
visible within previous approaches, extending the explanatory horizon rather than merely
replacing what came before. Psychology sought to move beyond behaviour by
investigating internal mental processes. Neuroscience asked how those processes could
emerge from biological mechanisms. Cybernetics explored how adaptive regulation
might operate in both living organisms and machines. Systems theory shifted attention
from individual components to organised wholes. Artificial intelligence demonstrated that
selected cognitive functions could be reproduced through computational architectures
radically different from biological nervous systems. Complexity science, in turn, revealed
that coherent intelligent behaviour could emerge from the interactions of many relatively
simple elements without requiring a single central controller.

When viewed chronologically, these developments can easily appear as
successive paradigms competing for scientific legitimacy. Yet such an interpretation risks
overlooking a deeper pattern. Each discipline expanded the range of phenomena that
cognitive science was capable of explaining, but none succeeded in exhausting the
phenomenon itself. Rather than converging upon a final definition, the scientific
understanding of cognition became progressively richer, more differentiated and,
paradoxically, more difficult to summarise within a single conceptual framework. What
emerged was not a contradiction, but a growing awareness that cognition possesses
multiple dimensions which cannot be fully captured from any single disciplinary vantage
point.

This observation has important methodological consequences for the present
investigation. If each scientific tradition illuminates only part of the phenomenon, then
selecting one definition as the definitive account of cognition would amount to narrowing
the explanatory scope of the research before the analysis has even begun. Equally,
attempting to combine all existing definitions into an encyclopedic synthesis would
merely produce a catalogue of perspectives without revealing the underlying
organisational principles that connect them. The challenge is therefore neither to choose
between disciplines nor to accumulate them indiscriminately, but to identify the questions
each succeeded in answering and the conceptual residue that remained unresolved after
those answers had been given.
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The remainder of this chapter follows precisely that strategy. Rather than
reviewing the literature as a sequence of isolated schools of thought, we shall examine
how each discipline progressively transformed the scientific understanding of cognition
by solving one problem while simultaneously revealing another. The objective is not to
determine which perspective is correct, but to observe whether a pattern of convergence
gradually emerges beneath their apparent diversity. If such a pattern exists, it may
provide the conceptual bridge required to move beyond discipline-specific definitions
towards a genuinely operational understanding of cognition.

From Behaviour to Mind: Cognitive
Psychology and the Recovery of Internal
Processes

The modern scientific study of cognition began, in many respects, as a reaction
against the explanatory limits of behaviourism. Throughout much of the first half of the
twentieth century, psychology deliberately restricted itself to observable behaviour,
arguing that internal mental states could not be investigated with sufficient scientific
rigour. This methodological discipline undoubtedly contributed to the development of
experimental psychology, yet it also left an increasingly uncomfortable question
unanswered. If intelligent behaviour could be observed, by what processes was that
behaviour generated?

The emergence of cognitive psychology during the second half of the century
represented an attempt to recover precisely those internal processes without
abandoning scientific methodology. Rather than treating the mind as an unknowable
black box, cognitive researchers proposed that perception, memory, attention,
reasoning, language and problem-solving could themselves become legitimate objects
of empirical investigation. The central innovation was therefore not the discovery of new
cognitive functions, many of which had long been recognised philosophically, but the
decision to study them as organised information-processing activities capable of
experimental analysis.

This transformation profoundly altered the scientific landscape. Intelligence was
no longer understood simply as a pattern of behavioural responses to external stimuli,
but as the outcome of structured internal processes through which organisms acquire
information, organise experience, construct representations and guide future action.
Human beings ceased to be regarded as passive recipients of environmental influences
and instead appeared as active interpreters of their surroundings, continuously
integrating incoming information with previously acquired knowledge in order to produce
behaviour adapted to changing circumstances.

For the present research, the lasting contribution of cognitive psychology lies less
in its specific models than in the conceptual shift it introduced. Cognition became
identifiable not with behaviour itself but with the organised processes that make
intelligent behaviour possible. This distinction will remain fundamental throughout the
Institutional Cognition Programme because it encourages us to search for the underlying
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organisation that generates adaptive action rather than limiting our attention to the
observable outcomes of that organisation.

At the same time, cognitive psychology inevitably reflected the domain from which
it emerged. Its primary concern remained the functioning of the individual human mind,
and many of its explanatory concepts implicitly presupposed biological cognition as the
natural reference point. This limitation is entirely understandable, since expanding the
unit of analysis beyond individual organisms was never among the discipline's original
objectives. Nevertheless, once cognition is recognised as a process rather than as
behaviour alone, an important question begins to emerge almost naturally. If cognitive
processes are responsible for intelligent behaviour, through what physical mechanisms
are those processes themselves implemented?

It was this question that opened the door to the next major transformation in the
scientific understanding of cognition.

From Mind to Brain: Neuroscience and the
Search for Biological Mechanisms

The cognitive revolution achieved something that behaviourism had considered
methodologically unattainable: it transformed perception, memory, reasoning and
decision-making into legitimate scientific objects. Yet, almost as soon as these internal
processes began to be studied systematically, a second question emerged with
increasing urgency. Describing the functional organisation of cognition represented
undeniable progress, but description alone could not satisfy the explanatory ambitions
of science. If cognitive psychology had clarified what kinds of processes underlay
intelligent behaviour, it had left largely unanswered the equally fundamental question of
how such processes were physically realised within living organisms.

This shift from function to mechanism marked the beginning of one of the most
productive periods in the history of cognitive science. Advances in neurophysiology, brain
imaging, computational modelling and experimental neuroscience gradually transformed
the study of cognition from an essentially psychological enterprise into a profoundly
interdisciplinary endeavour in which biological explanation assumed an increasingly
central role. The objective was no longer merely to catalogue mental processes, but to
uncover the neural architectures capable of generating them.

At first, many researchers hoped that cognitive functions might be localised within
relatively discrete regions of the brain. Perception, language, memory or reasoning
appeared likely to possess identifiable anatomical centres whose activity could explain
the corresponding psychological capacities. This expectation reflected a broader
scientific tendency to associate complex phenomena with specialised physical
structures, an approach that had proved remarkably successful in many other branches
of biology.

As empirical evidence accumulated, however, the situation proved considerably
more complex. Although certain brain regions clearly play particularly important roles in
specific cognitive functions, increasingly sophisticated research demonstrated that
intelligent behaviour rarely emerges from isolated anatomical modules acting
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independently of one another. Instead, cognition appears to depend upon the continuous
interaction of multiple neural systems whose activity is dynamically coordinated across
the entire brain. Perception influences memory, memory shapes attention, attention
modulates reasoning, reasoning guides action, and action immediately generates new
perceptual information that begins the cycle once again. Rather than resembling a
collection of independent mechanisms, the nervous system increasingly revealed itself
as a highly integrated network whose cognitive properties emerge from patterns of
interaction among specialised but interdependent components.

This transition from localisation to distributed organisation represents one of the
most important conceptual developments in contemporary neuroscience. The brain is no
longer understood simply as a repository of specialised cognitive modules, but as a
complex adaptive network capable of continuously reconfiguring its own patterns of
activity in response to changing internal and external conditions. Cognitive functions do
not disappear from the scientific picture; rather, they come to be understood as emergent
properties of large-scale neural coordination instead of isolated anatomical locations.

For the present investigation, this evolution carries consequences that extend
well beyond neuroscience itself. The discipline undoubtedly confirms that biological
cognition depends upon neural mechanisms. Yet, perhaps unintentionally, it also reveals
something more general. What explains the extraordinary flexibility of biological cognition
is not merely the existence of neurons, but the manner in which those neurons are
organised into dynamically interacting networks capable of integrating information across
multiple functional domains. In other words, the explanatory emphasis begins to move
gradually away from the individual components towards the architecture that organises
their relationships.

This distinction deserves careful attention because it introduces a subtle but
profound methodological shift. Neuroscience does not cease to be a biological science;
neurons remain indispensable for understanding the human brain. Nevertheless, the
level at which explanation acquires its greatest power progressively changes. Rather
than asking only which physical components exist, researchers increasingly ask how
those components interact, coordinate and reorganise themselves in order to generate
coherent cognitive behaviour. The architecture of the network becomes at least as
important as the nature of its constituent elements.

At this stage it would be tempting to infer that any sufficiently organised network
might therefore qualify as cognitive. Such a conclusion would be premature. The
existence of distributed organisation alone cannot establish the presence of cognition,
since many natural and artificial systems display complex network structures without
exhibiting genuinely cognitive properties. What neuroscience contributes is not a
universal definition of cognition, but an increasingly persuasive indication that
understanding cognition requires analysing patterns of organisation in addition to the
physical substrate through which those patterns are implemented.

This observation will become increasingly significant as the present investigation
moves beyond biological systems. If cognition is indeed associated with particular forms
of organised interaction rather than with isolated components alone, then an important
methodological possibility begins to emerge. Perhaps the scientific challenge is not to
determine whether other systems possess neurons, but whether they instantiate
comparable organisational principles through entirely different mechanisms. That
possibility remains, for the moment, no more than a hypothesis. Yet it is precisely the
kind of hypothesis that cannot even be formulated until neuroscience has first revealed
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that cognitive explanation itself is progressively shifting from components towards
organisation.

The intellectual consequence of this development is considerable. Cognitive
psychology invited science to look beyond behaviour towards internal processes.
Neuroscience, without abandoning biology, has encouraged it to look beyond individual
neural structures towards the dynamic organisation of those processes. The object of
explanation has therefore become progressively less static and increasingly relational.
Once this transition has been recognised, however, another question naturally presents
itself. If organised interaction lies at the heart of cognitive activity, must such organisation
always remain confined to biological nervous systems, or might comparable principles
appear wherever sufficiently complex adaptive systems maintain coherent relationships
with their environments?

It was precisely this broader question that gave rise to another decisive
transformation in the scientific understanding of cognition, one in which the boundaries
separating living organisms, machines and organised systems began to appear
considerably less rigid than previously imagined.

Beyond the Brain: When Cognition
Became an Organisational Problem

By demonstrating that cognitive functions emerge through highly distributed
patterns of neural interaction rather than through isolated anatomical structures,
neuroscience profoundly transformed the scientific understanding of intelligence. Yet,
almost inadvertently, it also created a conceptual difficulty that could no longer be
resolved within its own disciplinary boundaries. The more successfully neuroscience
explained cognition through dynamic patterns of organisation, the more difficult it
became to determine which aspects of that explanation depended specifically upon
biological neurons and which reflected more general principles of organised adaptive
systems.

This distinction may at first appear merely philosophical, but it is, in fact, deeply
methodological. Scientific explanations frequently operate at multiple levels
simultaneously. A biologist may explain flight through the anatomy of wings, while an
aerodynamicist explains the same phenomenon through principles that apply equally to
birds, aircraft and insects despite their radically different physical structures. Neither
explanation invalidates the other; each addresses a different level of organisation. The
challenge, therefore, is not to replace biological explanation with organisational
explanation, but to determine whether cognition, like many other complex phenomena,
also requires more than one explanatory level.

Once this possibility is recognised, the history of cognitive science begins to
appear in a new light. Several disciplines that initially seemed only loosely connected to
the study of cognition suddenly reveal themselves as responses to precisely this
problem. Their common ambition was not to deny the importance of biology, but to
understand whether the organisational principles responsible for intelligent behaviour
might extend beyond the particular mechanisms through which biological organisms
implement them.
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The first systematic attempt to address this question emerged not from
psychology or neuroscience, but from an unexpected direction.

Cybernetics: The Discovery of Adaptive
Organisation

When Norbert Wiener introduced cybernetics during the middle of the twentieth
century, his objective was not to formulate a new theory of cognition. His concern lay
elsewhere. He sought to understand how complex systems, whether biological or
artificial, regulate their behaviour while interacting continuously with uncertain
environments. Yet in attempting to answer that question, cybernetics introduced a
conceptual vocabulary that would later become indispensable for cognitive science itself.

The central insight of cybernetics was deceptively simple. Intelligent behaviour
could not be explained solely by examining the internal structure of a system, nor solely
by analysing the environment to which that system responded. What mattered was the
continuous circular relationship between the two. Information flowed from the
environment into the system, the system compared that information with internally
maintained states or objectives, corrective actions were generated, those actions
modified the environment, and the resulting changes immediately produced new
information that restarted the cycle. Feedback, rather than isolated reaction, became the
fundamental unit of explanation.

This represented a profound shift in scientific thinking. Instead of describing
organisms as passive recipients of external stimuli, cybernetics portrayed adaptive
systems as continuously engaged in regulatory loops through which perception and
action became inseparable components of a single organisational process. Stability itself
ceased to be understood as static equilibrium and became instead the dynamic
achievement of systems capable of maintaining coherence despite constant
environmental change.

For the Institutional Cognition Programme, cybernetics contributes an idea whose
importance extends far beyond its original historical context. It demonstrates that
intelligent behaviour may depend not only upon the components composing a system
but also upon the recurrent organisational relationships linking sensing, evaluation,
decision and action. In doing so, it quietly shifts the centre of gravity of cognitive
explanation away from isolated mechanisms and towards patterns of organisation.

Nevertheless, cybernetics also confronts us with an immediate difficulty. Many
systems regulated by feedback do not appear cognitive in any meaningful sense. A
thermostat continuously compares temperature measurements with predefined
thresholds and modifies its behaviour accordingly, yet few scientists would regard it as
possessing cognition. Feedback, although clearly necessary for adaptive regulation,
cannot therefore be sufficient to establish the presence of cognitive organisation.

Paradoxically, this limitation became one of cybernetics' greatest contributions.
By revealing that regulation alone cannot explain cognition, it forced researchers to
search for additional organisational principles capable of distinguishing genuinely
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cognitive systems from simpler forms of adaptive control. In answering one question,
cybernetics opened another that would prove even more fundamental.

If cognition requires more than regulation, then what additional forms of
organisation transform adaptive control into genuinely cognitive behaviour?

That question would gradually redirect scientific attention away from individual
regulatory loops towards the architecture of entire systems, preparing the ground for the
emergence of general systems theory and, later, complexity science.

Systems Theory: From Processes to
Organisation

The limitations revealed by cybernetics did not diminish its influence. On the
contrary, they encouraged a broader scientific question whose implications extended far
beyond the study of regulatory mechanisms. If feedback alone could not account for
cognition, perhaps the difficulty lay in the level at which researchers were attempting to
explain adaptive behaviour. Individual regulatory loops undoubtedly contributed to the
functioning of complex systems, yet the remarkable capabilities displayed by living
organisms seemed to arise not from isolated loops but from the coordinated organisation
of many such processes operating simultaneously. The problem, therefore, was no
longer simply how systems regulate themselves, but how entire systems acquire the
coherence necessary to sustain adaptive behaviour over time.

It was within this intellectual context that General Systems Theory began to
reshape the scientific landscape. Rather than concentrating on the specific mechanisms
operating within particular disciplines, systems theorists proposed that many apparently
unrelated phenomena might share common organisational principles. Biological
organisms, ecosystems, economies, technological infrastructures and social
organisations differed profoundly in their physical composition, yet all exhibited forms of
organised complexity that could not be adequately understood by reducing them to the
properties of their individual components. Explanation, they argued, required moving
beyond the analysis of parts towards the architecture of the relationships that connected
those parts into an integrated whole.

This represented another important shift in scientific abstraction. The object of
inquiry ceased to be the isolated mechanism and became the organised system itself.
Components retained their importance, but they no longer possessed explanatory
priority. Their significance depended increasingly upon the roles they played within larger
configurations of interaction. A neuron acquired meaning through the network to which it
belonged; an organ through the organism that integrated it; an institution through the
broader system of governance within which it operated. Organisation emerged as a
legitimate explanatory category in its own right.

The consequences of this transition were profound. Until then, much of scientific
reasoning had proceeded by decomposing complex phenomena into progressively
smaller constituent elements in the expectation that understanding the parts would
eventually explain the whole. Systems theory did not reject analytical decomposition, but
it demonstrated that certain properties appear only when components become organised
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into coherent structures. These properties are not located within any individual element,
nor can they be recovered by examining each element in isolation. They arise from the
configuration of relationships that binds the system together.

For the study of cognition, this insight proved particularly significant. If intelligent
behaviour depends upon the coordinated interaction of multiple cognitive functions, then
understanding those functions separately can never provide a complete explanation of
cognition itself. Memory, perception, attention, reasoning and action undoubtedly remain
essential objects of investigation, yet none of them constitutes cognition independently
of the organisational architecture within which it operates. The explanatory focus
therefore begins to migrate once again, this time from processes towards the higher-
order organisation that integrates those processes into a coherent adaptive system.

This change also carries important methodological implications for the present
investigation. Throughout the previous chapters we have deliberately resisted defining
cognition prematurely because the available evidence suggested that no single function
captures its full complexity. Systems theory now provides the conceptual language
necessary to understand why that intuition has repeatedly resurfaced. Perhaps cognition
has resisted simple definition not because the phenomenon itself is inherently vague,
but because scientific explanation has too often searched for its essence within individual
functions instead of within the architecture that organises those functions into an
integrated whole.

At this point, however, a new difficulty begins to emerge. Organised systems are
everywhere. Living organisms display sophisticated organisation, but so do ecosystems,
corporations, cities, transportation networks and digital infrastructures. If organisation
alone were sufficient for cognition, the concept would rapidly expand until it
encompassed virtually every complex system. Such an outcome would deprive cognition
of the explanatory precision that this investigation seeks to establish.

The challenge therefore becomes considerably more demanding. It is no longer
enough to demonstrate that cognition depends upon organisation. We must determine
what kind of organisation distinguishes genuinely cognitive systems from other forms of
organised complexity. In other words, the question shifts once again. We are no longer
asking whether organisation matters, but which organisational principles are necessary
for cognition to emerge.

It was precisely this problem that directed scientific attention towards a
phenomenon that would become one of the defining concepts of contemporary
complexity science: emergence.

Complexity Science: When Organisation
Becomes Emergence

If systems theory demonstrated that certain phenomena cannot be explained
solely through the analysis of their constituent parts, it simultaneously exposed a new
difficulty whose significance soon became impossible to ignore. Describing a system as
an organised whole undoubtedly represented an advance over reductionist explanations,
yet organisation itself remained an incomplete answer. Two systems may possess
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comparable levels of structural organisation while displaying radically different forms of
behaviour. Some remain relatively predictable despite their internal complexity, whereas
others exhibit remarkable capacities for adaptation, innovation and self-transformation
that appear to exceed what one would expect from the simple aggregation of their
components. Explaining this difference required another conceptual step.

It was within this context that complexity science emerged as one of the most
influential intellectual developments of the late twentieth century. Although drawing upon
mathematics, physics, biology, ecology, economics and computer science, its central
concern was surprisingly unified: understanding how coherent forms of behaviour arise
in systems composed of many interacting elements, none of which individually
possesses the global properties displayed by the system as a whole. Rather than asking
how individual components behave, complexity science asked how interactions among
those components generate new organisational realities that cannot be reduced to any
single part.

The concept through which this transformation became intelligible was
emergence. Few ideas have travelled so rapidly across contemporary science, yet few
have also been so frequently misunderstood. Emergence is often invoked as though it
merely referred to unexpected complexity, but its scientific meaning is considerably more
precise. An emergent property is not simply a complicated phenomenon. It is a property
that exists at the level of the organised system while remaining absent from each of the
individual elements that compose it. The liquidity of water cannot be found by examining
isolated hydrogen or oxygen atoms. The dynamics of an ecosystem cannot be inferred
solely from the biology of individual species. Likewise, the collective behaviour of an ant
colony cannot be understood merely by studying a single ant in isolation. In every case,
the phenomenon resides in the organisation of relationships rather than in the intrinsic
characteristics of the components themselves.

For cognitive science, this represented an extraordinarily important conceptual
development. The possibility that intelligence might itself possess emergent
characteristics had long been implicit within neuroscience, particularly as evidence
accumulated showing that cognitive capacities arise from distributed neural interactions
rather than from isolated brain regions. Complexity science generalised this intuition. It
suggested that many forms of adaptive behaviour become intelligible only when analysis
shifts from individual agents to the dynamic patterns generated through their continuous
interactions. Cognition, viewed from this perspective, begins to appear less as a
collection of separate faculties and more as a higher-order organisational phenomenon
sustained by the coordinated activity of multiple interdependent processes.

This change in perspective is subtle but decisive. Earlier approaches had already
demonstrated that cognition involves perception, memory, reasoning, learning and
decision-making. Complexity science does not deny any of these functions. Instead, it
invites us to ask a different question: what explains the fact that these functions operate
together as a coherent whole rather than as an accidental collection of independent
mechanisms? The explanatory burden moves once again, this time from organisation
itself towards the emergent properties generated by organised interaction.

Yet, as had occurred at every previous stage in the evolution of the argument,
this conceptual advance immediately revealed a further limitation. Emergence, powerful
though it is as an explanatory principle, cannot by itself define cognition. Numerous
phenomena exhibit emergent behaviour without displaying anything that would ordinarily
be recognised as cognitive. Weather systems generate remarkably complex dynamics
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through the interaction of atmospheric variables. Financial markets display collective
patterns that cannot be reduced to the intentions of individual participants. Traffic
networks continuously reorganise themselves in response to changing flows of vehicles.
Each of these systems exhibits emergence, but none appears to perceive, interpret,
remember or reason in the sense usually associated with cognition.

The implication is unavoidable. Emergence may well constitute a necessary
condition for highly sophisticated cognition, particularly in large distributed systems, but
it cannot be regarded as a sufficient one. The explanatory challenge therefore changes
once again. No longer is it enough to identify organisation, nor even emergence. We
must determine what distinguishes those emergent systems capable of genuine
cognitive activity from those whose complexity remains purely dynamic or self-
organising.

At precisely this point, the historical evolution of the cognitive sciences begins to
intersect with a field that had originally developed for entirely different purposes but
whose consequences for the understanding of cognition would prove impossible to
ignore. Unlike psychology, neuroscience or systems theory, this discipline did not seek
to explain natural intelligence. Instead, it attempted to construct it.

That discipline was artificial intelligence.

Artificial Intelligence: The Separation of
Function from Substrate

Few developments have transformed the contemporary understanding of
cognition as profoundly as the emergence of artificial intelligence. Curiously, however,
this transformation did not occur because artificial intelligence succeeded in explaining
natural cognition more effectively than neuroscience or psychology. Its significance lies
elsewhere. Artificial intelligence altered the debate because it demonstrated that systems
constructed from entirely different physical materials could perform tasks that had long
been regarded as reliable indicators of cognitive competence. In doing so, it confronted
the cognitive sciences with a question that had previously remained largely theoretical:
if similar cognitive functions can arise within radically different physical substrates, what
exactly is it that the concept of cognition refers to?

This question should not be misunderstood. Artificial intelligence does not
establish that machines think in the same manner as human beings, nor does it dissolve
the profound differences that separate biological organisms from computational systems.
Questions concerning consciousness, subjective experience, intentionality and
phenomenology remain among the most challenging in contemporary philosophy of mind
and cognitive science. The present investigation does not seek to resolve those debates,
and indeed its central argument does not depend upon doing so. The relevance of
artificial intelligence lies at a different level altogether.

Historically, many discussions of cognition implicitly assumed that certain forms
of intelligent behaviour were inseparable from the biological structures through which
they had first been observed. Perception, memory, language, planning and problem-
solving appeared so closely associated with nervous systems that distinguishing the
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function from its biological implementation rarely seemed necessary. Artificial intelligence
disrupted that assumption. Systems developed for entirely practical engineering
purposes gradually became capable of recognising complex patterns, generating
coherent language, planning sequences of action, adapting through experience, solving
increasingly sophisticated problems and assisting human decision-making across a
remarkable variety of domains. Whether these achievements should be described as
genuine cognition remains open to debate, but they undeniably forced the scientific
community to confront a methodological distinction that could no longer be ignored.

That distinction is the difference between implementing a cognitive function
and sharing the same underlying mechanism.

Two systems may perform functionally comparable operations while relying upon
entirely different physical architectures. An aircraft does not fly because it reproduces the
anatomy of a bird, yet aerodynamics remains applicable to both. Likewise, a digital
computer performs numerical calculation without reproducing the physiology of the
human nervous system, although both may implement equivalent mathematical
procedures. In each case, explanation operates simultaneously at different levels. The
mechanisms differ; the functional organisation responsible for achieving particular
outcomes may nevertheless display important similarities.

Artificial intelligence introduces precisely this possibility into the study of
cognition. It suggests that certain cognitive functions may admit multiple implementations
without implying that all implementations are equivalent in every respect. Biological
cognition remains deeply rooted in embodiment, metabolism, evolution and subjective
experience. Artificial systems operate through computational architectures whose
constraints and possibilities differ fundamentally from those of living organisms.
Recognising functional similarities therefore does not erase ontological differences. On
the contrary, it makes those differences more precisely identifiable by separating
questions that had previously been conflated.

For the present investigation, this methodological clarification is of considerable
importance. The objective is not to determine whether artificial intelligence possesses
consciousness, nor whether machines should be considered cognitive agents in the
same sense as human beings. Those questions, although fascinating, are not necessary
for the problem addressed in this Research Validation Paper. What matters is that
artificial intelligence demonstrates the scientific legitimacy of distinguishing what a
system functionally accomplishes from how that accomplishment is physically
realised. Once that distinction is accepted, the possibility emerges that cognition may
need to be analysed simultaneously at several explanatory levels rather than being
reduced to any one of them.

Seen from this perspective, artificial intelligence functions less as evidence
supporting a particular theory than as a methodological stress test applied to existing
definitions of cognition. Definitions that identify cognition exclusively with biological
mechanisms struggle to accommodate systems capable of performing increasingly
sophisticated cognitive tasks through non-biological architectures. Conversely,
definitions that equate cognition with any successful information processing become so
permissive that they risk including systems whose behaviour lacks many of the
organisational characteristics traditionally associated with intelligent adaptation. Artificial
intelligence therefore does not solve the problem of defining cognition, however, it
sharpens it.
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In doing so, it produces an unexpected consequence. The central question is
gradually displaced once again. No longer does scientific attention focus exclusively
upon identifying the physical substrate responsible for cognition, nor solely upon
cataloguing cognitive functions in isolation. Increasingly, the challenge becomes
understanding the organisational conditions under which those functions emerge,
interact and sustain coherent adaptive behaviour across different classes of systems.
The explanatory centre of gravity shifts, almost imperceptibly, from material
implementation towards functional architecture.

This conclusion should nevertheless be expressed with appropriate caution. To
recognise that multiple substrates may implement comparable functions is not to claim
that substrate is irrelevant. On the contrary, the physical characteristics of each substrate
profoundly influence the way cognitive functions develop, interact and evolve. Biology
matters because it enables certain forms of embodiment, metabolism and evolution.
Computational infrastructures matter because they enable forms of scalability, replication
and symbolic manipulation unavailable to biological organisms. Institutions, if they are
eventually shown to possess cognitive properties, will likewise depend upon
organisational substrates whose characteristics differ fundamentally from both neurons
and silicon. The present argument therefore concerns neither the replacement nor the
elimination of substrate, but the identification of a level of explanation that allows
meaningful comparison across different implementations without reducing them to one
another.

At this point, the intellectual trajectory followed throughout the chapter begins to
reveal an increasingly coherent pattern. Behaviour gave way to processes, processes to
mechanisms, mechanisms to organisation, organisation to emergence, and emergence
now confronts the possibility of multiple implementations. Yet one final question remains
unresolved. If cognition is neither identical with its biological substrate nor reducible to
isolated functions, and if different systems may implement comparable cognitive
capacities through distinct architectures, then what is the minimal organisational
structure that must exist before a system can legitimately be described as cognitive at
all?

It is this question, rather than any debate concerning artificial intelligence itself,
that prepares the transition towards the central objective of the present Working Paper:
identifying the functional architecture that underlies cognition independently of the
particular forms through which it becomes physically realised.

The Progressive Abstraction of Cognitive
Explanation

Having followed the historical development of the principal scientific traditions
concerned with cognition, it becomes possible to observe a pattern that is not
immediately apparent when each discipline is examined in isolation. At first sight, the
preceding sections might appear to constitute little more than a conventional
interdisciplinary review. Psychology has contributed one perspective, neuroscience
another, cybernetics a third, systems theory a fourth, complexity science a fifth and
artificial intelligence yet another. Read in this way, the chapter would amount to a
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catalogue of complementary viewpoints whose principal value lies in demonstrating the
richness of the contemporary cognitive sciences.

Such an interpretation, however, would overlook what is arguably the most
significant result to emerge from the analysis. The disciplines themselves do not, in any
straightforward sense, converge upon a common definition of cognition. Their methods
remain distinct, their explanatory ambitions differ, and many of their conceptual
vocabularies are only partially compatible. Yet beneath these differences another form
of convergence begins to reveal itself, one that does not concern the disciplines as such
but the level at which they progressively locate the explanation of cognition.

This distinction is subtle, but its implications are considerable. Scientific
disciplines frequently investigate the same phenomenon from different perspectives
without ever fully agreeing on its definition. What matters for the present investigation is
not whether they employ identical terminology, but whether their explanatory trajectories
move in comparable directions. When the literature reviewed in the previous sections is
considered from this standpoint, a remarkable regularity begins to emerge.

The earliest approaches concentrated primarily upon observable behaviour.
Cognitive psychology redirected attention towards the internal processes responsible for
generating that behaviour. Neuroscience then sought the biological mechanisms through
which those processes become physically realised. Cybernetics shifted the emphasis
from mechanisms towards the regulatory relationships that enable adaptive interaction
with the environment. Systems theory extended the analysis to the organisation of entire
systems, demonstrating that many properties cannot be explained through isolated
components alone. Complexity science subsequently revealed that organised interaction
itself generates emergent properties unavailable at lower levels of description. Finally,
artificial intelligence demonstrated that at least some cognitive functions may be
implemented through physical substrates fundamentally different from those in which
they were originally observed.

Considered independently, each of these developments addresses a specific
scientific problem. Considered collectively, however, they reveal something more
profound. The explanatory centre of gravity moves progressively away from individual
components and towards increasingly abstract forms of organisation. Behaviour gives
way to process, process to mechanism, mechanism to relationship, relationship to
organisation, organisation to emergence and emergence to functional architecture. At no
point are the earlier explanatory levels abandoned. Behaviour remains real, neurons
remain indispensable for understanding biological cognition, and physical substrates
continue to shape the possibilities available to different systems. Yet each successive
stage demonstrates that the previous level, although necessary, is insufficient to account
for the phenomenon in its full complexity.

It is this progressive displacement of explanatory focus that constitutes the
principal outcome of the present review. Importantly, the claim is not that science has
abandoned biology in favour of organisation, nor that cognition can be understood
independently of its material implementation. Such conclusions would exceed the
available evidence. Rather, the literature suggests that explaining cognition increasingly
requires multiple levels of analysis operating simultaneously, with organisational
principles assuming a progressively more central explanatory role as the complexity of
the phenomenon increases.
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From the perspective of the Institutional Cognition Programme, this observation
has decisive methodological consequences. The objective is no longer to identify the
single discipline that possesses the correct definition of cognition, since no such
discipline appears to exist. Instead, the task becomes identifying those organisational
principles that continue to reappear as the explanatory level ascends through successive
scientific traditions. If those recurrent principles can be isolated, they may provide the
foundation for an operational definition capable of remaining meaningful across different
classes of cognitive systems without denying the importance of their respective
mechanisms and substrates.

The present chapter therefore reaches a conclusion that is deliberately modest
in its claims but far-reaching in its implications. It does not demonstrate that cognition is
substrate-independent, nor that institutions constitute cognitive systems. It demonstrates
something both narrower and, for the purposes of this investigation, considerably more
useful. Contemporary cognitive science appears to be engaged in a long-term process
of explanatory abstraction, within which increasingly diverse disciplines attribute greater
explanatory significance to patterns of functional organisation while preserving, rather
than discarding, the contributions of lower explanatory levels.

If our interpretation is correct, then the next step in the investigation becomes
almost unavoidable. Having established that the explanatory trajectory of the cognitive
sciences appears to converge upon functional organisation, we must now ask what that
organisation actually consists of. Which functions repeatedly appear across the
literature? Which of them are indispensable? Which merely accompany cognition without
defining it? And how do they combine to form the coherent adaptive architecture that
previous chapters have progressively brought into view without yet describing explicitly?

The answer to those questions will not be sought through further historical
reconstruction. It requires a different form of analysis altogether. We must now leave
behind the history of the cognitive sciences and begin the systematic examination of
cognition itself.
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Chapter 3

From Definitions to Operational
Definitions

The conclusion reached in the previous chapter leaves the present investigation
at a critical methodological juncture. The historical development of the cognitive sciences
appears to reveal a progressive displacement of explanatory attention towards
increasingly abstract forms of functional organisation. Yet recognising this pattern,
important though it may be, does not by itself resolve the central problem with which this
Research Validation Paper began. On the contrary, it merely reformulates that problem
in more precise terms. If cognition is not adequately captured by behaviour alone, nor by
mental processes, biological mechanisms, feedback relationships or even emergent
organisation considered in isolation, then by what criteria should a scientific definition of
cognition now be constructed?

This question deserves careful attention because scientific definitions perform
functions that extend far beyond the clarification of terminology. A definition establishes
the boundaries of a research object. It determines which phenomena belong within the
explanatory domain of a theory, which comparisons become methodologically legitimate
and which questions may be investigated without committing conceptual errors from the
outset. Poor definitions do not merely create semantic confusion; they restrict the
development of entire research programmes by embedding hidden assumptions into the
very language through which evidence is interpreted.

The history reviewed in the preceding chapter illustrates this difficulty with
particular clarity. Each discipline formulated a definition of cognition appropriate to the
systems it sought to explain. Psychology naturally emphasised mental processes
because its primary concern lay with individual behaviour. Neuroscience foregrounded
neural mechanisms because its object of investigation was the biological brain. Atrtificial
intelligence focused upon computational architectures capable of performing intelligent
tasks, while systems theory and complexity science increasingly privileged
organisational relationships. None of these definitions should be regarded as mistaken.
Each fulfilled its intended explanatory purpose remarkably well. The difficulty arises only
when a definition developed for one scientific domain is implicitly treated as universally
applicable to every possible manifestation of cognition.

The present investigation therefore confronts a methodological challenge rather
than a purely conceptual one. We are not searching for a more elegant definition among
those already available. We are asking what characteristics a definition must possess if
it is to remain scientifically useful across different classes of systems without
presupposing the very conclusions that future research seeks to establish.

At first sight, one possible solution might appear straightforward. If existing
definitions are too narrow because they emphasise particular mechanisms, perhaps
cognition should instead be defined in the broadest possible terms, for example as
information processing or adaptive behaviour. Such proposals undoubtedly increase
generality, but they do so at considerable cost. Once cognition becomes synonymous
with any process involving information or adaptation, the concept rapidly expands until it
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encompasses thermostats, weather systems, ecosystems, financial markets and
innumerable other phenomena that few researchers would ordinarily regard as cognitive.
Excessive generality solves one problem only by creating another: the concept loses the
specificity required to distinguish cognition from other forms of organised behaviour.

The opposite strategy proves equally unsatisfactory. Restricting cognition to the
characteristics of human intelligence undoubtedly preserves conceptual precision, yet it
does so by excluding, through definition alone, many of the very phenomena whose
cognitive status contemporary science is attempting to investigate. Artificial intelligence,
collective intelligence, distributed cognition and organisational cognition become
impossible research objects not because evidence has shown them to be non-cognitive,
but because the definition itself has already decided the matter. Such circularity is difficult
to reconcile with the methodological openness expected of scientific inquiry.

Between these two extremes lies a third possibility, one that has gradually
emerged throughout the previous chapters without yet being explicitly formulated. Rather
than defining cognition by reference to a particular material substrate or by adopting a
level of abstraction so general that explanatory precision disappears, perhaps the
definition should be constructed around the recurrent functional conditions identified
across the major scientific traditions. Under such an approach, cognition would neither
be reduced to its mechanisms nor dissolved into generic adaptation. Instead, it would be
characterised through the organised constellation of functions whose coordinated
interaction repeatedly appears whenever the sciences investigate systems capable of
sustained intelligent adaptation.

This proposal represents an important shift in methodological orientation.
Traditional definitions often begin by asking What is cognition? The present investigation
suggests that this question may be incomplete. Before asking what cognition is, we may
first need to ask What must a system be capable of doing before the scientific community
consistently begins to describe it as cognitive? The distinction is subtle but fundamental.
The first question seeks an essence. The second seeks operational criteria.

Operational definitions have long played a central role in the development of
modern science. Concepts such as temperature, intelligence, biodiversity, resilience or
information acquire scientific usefulness not because researchers agree upon their
ultimate philosophical nature, but because they establish explicit criteria through which
the phenomena can be identified, analysed and compared. Operationalisation does not
eliminate conceptual debate. Rather, it provides a stable methodological framework
within which debate can proceed without ambiguity concerning the object under
investigation.

The same logic, this Working Paper argues, should guide the definition of
cognition. If the objective is to investigate whether cognitive organisation may emerge
within different classes of systems, including biological organisms, artificial systems and,
potentially, public institutions, then the definition itself must remain sufficiently neutral to
permit empirical evaluation rather than determining the answer in advance. Such
neutrality should not be confused with vagueness. On the contrary, it requires identifying
those functional conditions that the literature consistently associates with cognition while
excluding phenomena that fail to satisfy them.

The consequence of adopting this methodological position is immediate. The next
stage of the investigation can no longer consist in comparing definitions proposed by
different authors. That task has fulfilled its purpose. We must now identify the recurrent
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functional architecture implicit within those definitions and determine whether certain
cognitive functions appear with sufficient consistency across disciplines to serve as the
foundation for an operational framework.

Only after completing that analysis will the present investigation be entitled to
formulate its own definition of cognition. Until then, any definition would remain
premature.
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Chapter 4

The Functional Matrix of Cognition

The preceding chapters have deliberately avoided proposing a definition of
cognition. This restraint has not been accidental. On the contrary, it reflects the
methodological position adopted throughout the present investigation. Before defining a
phenomenon, it is necessary to understand both how previous scientific traditions have
approached it and why those approaches, despite their considerable explanatory
achievements, remain insufficient for the questions that motivate the Institutional
Cognition Programme. Only after reconstructing the conceptual landscape and
establishing the criteria according to which a new definition should be developed does it
become possible to ask what the recurrent structure of cognition actually consists of.

The transition undertaken in this chapter therefore marks an important change in
the character of the investigation. Up to this point, our primary objective has been
interpretative. We have examined the historical evolution of the cognitive sciences,
identified the gradual displacement of explanatory attention towards increasingly
abstract forms of functional organisation, and argued that any future definition of
cognition should be operational rather than discipline-specific. From this point onwards,
however, the analysis becomes constructive. Instead of asking how cognition has been
defined, we begin to ask what recurrent functional architecture those definitions implicitly
presuppose.

It is important to clarify the ambition of this chapter. The objective is not to produce
an exhaustive catalogue of every cognitive capability described within the literature. Such
an undertaking would prove neither practical nor conceptually useful. Different disciplines
naturally identify different processes according to their own explanatory objectives, and
many specialised functions remain relevant only within particular domains. What
concerns us here is something considerably more fundamental: identifying those
functional capacities whose repeated appearance across multiple scientific traditions
suggests that they belong to the organisational core of cognition itself. In other words,
we are not searching for the totality of cognitive phenomena but for the minimal functional
architecture without which cognition, as currently understood by contemporary science,
would cease to exist.

This distinction deserves particular emphasis because it protects the present
investigation from two methodological errors that frequently appear in interdisciplinary
research. The first consists of accumulating functions until the resulting framework
becomes little more than an encyclopedic inventory lacking explanatory hierarchy. The
second consists of selecting only those functions that appear immediately relevant to the
author's preferred theory, thereby introducing confirmation bias into the construction of
the model itself. Neither approach would satisfy the methodological standards
established in the previous chapter. The Functional Matrix proposed here must therefore
emerge inductively from the comparative analysis of the literature rather than deductively
from the assumptions of the Institutional Cognition Programme.

There is another reason why such caution is necessary. Throughout the history
of cognitive science, individual functions have often been mistaken for cognition itself.
Memory has occasionally been treated as the defining feature of intelligent systems; at

© IDHUS Institute 28



RVP-001 Operational Cognitive Architecture: A Functional Theory of Cognition

other times the emphasis has fallen upon reasoning, learning, perception, representation
or decision-making. Yet the historical review conducted in the preceding chapters
consistently suggests that none of these functions, considered independently, has ever
proved sufficient to account for cognition in its entirety. Each illuminates one dimension
of the phenomenon while leaving others unexplained. This observation leads to an
important methodological consequence. If no individual function defines cognition, then
cognition must reside in the organisation that integrates those functions into a coherent
adaptive whole.

The present chapter is therefore organised according to a principle that differs
subtly from most existing taxonomies. Rather than classifying cognitive functions by
disciplinary tradition or psychological category, it reconstructs them according to the role
each plays within the continuous adaptive cycle that characterises cognitive systems.
The order in which the functions will be introduced is not arbitrary. It reflects the
progressive transformation of environmental interaction into organised adaptive
behaviour. Information must first enter the system before it can be selected, interpreted,
retained, organised, reasoned about, translated into action, evaluated, incorporated into
future behaviour and continuously integrated within the system's ongoing relationship
with its environment. Each function prepares the conditions under which the next
becomes meaningful. None can be fully understood in isolation from the architecture of
which it forms part.

This observation anticipates one of the central conclusions that will gradually
emerge from the remainder of the Working Paper. Cognitive systems are not best
understood as collections of sophisticated capabilities, but as organised architectures
within which multiple specialised functions operate in continuous reciprocal dependence.
Perception without memory cannot sustain learning. Memory without interpretation
cannot generate knowledge. Reasoning without decision remains behaviourally inert.
Adaptation without self-monitoring cannot progressively improve its own performance.
The explanatory unit therefore shifts once again, this time from the individual function
towards the architecture that coordinates the entire adaptive cycle.

For this reason, the Functional Matrix should not be interpreted as a checklist
through which cognition can be mechanically identified. It is better understood as an
analytical framework that allows different systems to be examined according to the
degree to which they instantiate the organisational conditions repeatedly associated with
cognitive behaviour across the contemporary scientific literature. Whether biological
organisms, artificial intelligence or public institutions satisfy those conditions remains an
empirical question whose answer cannot be assumed in advance. The matrix simply
establishes the conceptual vocabulary through which that question may now be
investigated with considerably greater precision than was previously possible.

With these methodological considerations established, the investigation may
finally turn towards the functions themselves. Not as isolated faculties, nor as
independent cognitive modules, but as mutually dependent elements of a single adaptive
architecture whose internal coherence will gradually become visible as each successive
function is examined in relation to all the others.
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The First Functional Domain:
Environmental Sensing

Every cognitive system, regardless of its material composition or level of
complexity, confronts the same fundamental adaptive problem. It cannot respond
intelligently to changes that it is incapable of detecting. Before memory, reasoning,
learning or decision-making become possible, some mechanism must exist through
which the system establishes an ongoing relationship with the environment within which
its continued viability depends. The first functional requirement of cognition is therefore
not intelligence in any sophisticated sense, but the capacity to register that something
beyond the system itself has changed.

Although deceptively simple, this observation deserves careful consideration
because it identifies one of the few genuinely universal characteristics that appear
throughout the cognitive sciences. Psychology begins with perception because
behaviour depends upon sensory information. Neuroscience analyses sensory pathways
because neural processing requires incoming signals before higher cognitive functions
can operate. Cybernetics places equal emphasis upon information entering the feedback
loop, without which regulation becomes impossible. Systems theory likewise assumes
continuous exchanges between a system and its environment, while artificial intelligence
depends upon streams of data through which computational architectures acquire
information about the problems they are expected to solve. Even complexity science,
despite concentrating primarily upon large-scale patterns of interaction, presupposes the
existence of continual exchanges through which organised systems remain coupled to
changing external conditions.

What is striking about this convergence is not merely that every discipline
recognises some form of environmental sensing. More important is the fact that none
regards sensing as cognition in itself. A camera records images, a thermometer
measures temperature and a satellite continuously collects enormous quantities of
environmental data, yet few researchers would argue that these devices are cognitive
solely because they acquire information. The mere registration of external signals,
however sophisticated, remains insufficient to explain intelligent behaviour.

This distinction provides an important methodological lesson for the present
investigation. The role of sensing is not to constitute cognition but to make cognition
possible. It establishes the informational interface through which a system becomes
aware that its environment has changed, but it says nothing about whether the system
can determine the significance of those changes. Environmental signals acquire
adaptive value only when they become meaningful within the internal organisation of the
system itself. A cognitive architecture therefore cannot terminate with sensing. On the
contrary, sensing immediately generates a second adaptive problem whose solution
proves no less fundamental than the first.

The difficulty arises because environments invariably produce more information
than any adaptive system can process completely. Living organisms, artificial
intelligence, organisations and institutions alike confront an abundance of potentially
relevant signals whose informational value cannot be established simultaneously.
Detecting change therefore solves only part of the problem. The system must also
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determine which changes deserve its limited cognitive resources and which may safely
remain in the background without threatening adaptive performance.

For this reason, the existence of sensing mechanisms inevitably calls into
existence another function that has appeared repeatedly throughout the scientific
traditions examined in the previous chapters. Once information enters the system, some
principle must govern its selection. Without such a principle, cognition would collapse
beneath the weight of its own informational environment.

The next functional domain therefore concerns not the acquisition of information,
but the allocation of cognitive relevance.

Is Cognition Really Organised Around
Adaptive Problems?

The argument developed in the preceding sections has gradually led to a
tentative reformulation of the way cognition might be understood. Rather than treating
cognitive functions as the elementary building blocks of cognitive systems, the analysis
has suggested that these functions may themselves be responses to a sequence of
recurrent adaptive problems. Environmental sensing emerges because systems must
detect change. Attention becomes necessary because sensing produces more
information than can be processed simultaneously. Interpretation follows because
selected information remains behaviourally useless until it acquires meaning. Memory
appears because meaning cannot guide future behaviour unless it persists through time.
Each function seems to arise not independently, but as a solution to the limitations
generated by the previous one.

At first sight, this reconstruction possesses an appealing internal coherence. It
transforms what previously appeared to be an arbitrary list of cognitive capacities into a
logically connected sequence in which every function both resolves one adaptive
challenge and generates the conditions for the emergence of the next. Such coherence,
however, should never be mistaken for scientific validity. The history of science contains
many elegant conceptual frameworks that ultimately failed because their internal
consistency exceeded their empirical support. For this reason, the present investigation
deliberately interrupts its own theoretical development in order to subject the emerging
hypothesis to critical examination before allowing it to influence the remainder of the
argument.

The first question is therefore a simple one. Is there any compelling reason to
believe that cognition should be organised around adaptive problems rather than around
functions themselves?

One possible objection immediately presents itself. Many cognitive functions are
routinely described in the scientific literature without reference to adaptive problems.
Textbooks discuss perception, attention, memory or reasoning as distinguishable
domains of cognition, each supported by specialised empirical traditions. Nothing in
those descriptions explicitly requires the existence of an underlying sequence of adaptive
challenges. It could therefore be argued that the present reconstruction merely imposes
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an artificial narrative upon phenomena that cognitive science has long studied
independently.

This objection deserves serious consideration because it identifies an important
distinction between descriptive classification and explanatory reconstruction. Traditional
cognitive taxonomies perform an invaluable descriptive role. They identify recurring
functions, develop specialised experimental methods and accumulate detailed empirical
knowledge concerning each domain. The present proposal does not seek to replace
those taxonomies. Its objective is different. Rather than asking how cognitive functions
should be classified, it asks why those particular functions appear repeatedly across so
many independent scientific traditions. The hypothesis under examination is therefore
explanatory rather than descriptive. It does not deny the existence of functional
categories; it seeks to explain why those categories recur.

A second objection concerns the apparent linearity of the proposed sequence.
Biological cognition rarely unfolds in a simple progression from perception to attention,
memory, reasoning and action. Neural activity is massively parallel, characterised by
reciprocal feedback, recurrent loops and continuous interaction among multiple
processes operating simultaneously. If cognition itself is fundamentally dynamic and
distributed, does the sequential logic proposed here risk oversimplifying the
phenomenon?

Again, the objection is well founded. Yet it may also arise from confusing two
different explanatory levels. The proposed sequence is not intended as a temporal
description of neural activity or computational processing. It is not a flowchart of cognitive
execution. Rather, it is an account of logical dependency. Certain adaptive problems
cannot arise until others have first been solved, even if the corresponding functions later
operate simultaneously within mature cognitive architectures. A system incapable of
detecting environmental change cannot meaningfully confront the problem of selecting
relevant information. Likewise, a system that cannot preserve knowledge through time
cannot meaningfully improve future decision-making through learning. Logical
dependency should therefore not be mistaken for chronological execution.

A third objection concerns the scope of the proposal itself. Even if the sequence
accurately describes many forms of biological cognition, why should it apply to artificial
systems or institutions? Might it simply reflect evolutionary constraints specific to living
organisms?

This question cannot yet be answered definitively. Indeed, one of the principal
objectives of the Institutional Cognition Programme is to determine precisely whether the
adaptive logic identified here extends beyond biological cognition. Nevertheless, the
hypothesis possesses one important methodological advantage. It does not begin by
assuming that different systems share identical mechanisms. It asks instead whether
they confront comparable adaptive problems. This distinction substantially lowers the
theoretical commitment required. Institutions need not possess neurons, subjective
experience or biological embodiment in order to face the challenge of detecting
environmental change, preserving organisational knowledge or coordinating distributed
decision-making. Whether they solve those problems through functionally comparable
architectures remains an empirical matter that subsequent research must determine.

At this stage, therefore, the proposed framework survives preliminary criticism
without yet becoming established theory. It remains a working hypothesis whose value
will depend entirely upon its capacity to organise evidence more coherently than
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alternative formulations while generating empirically investigable questions that would
otherwise remain invisible.

The remainder of this Research Validation Paper should consequently be
understood not as the development of an accepted theory, but as the systematic testing
of this emerging explanatory framework against the interdisciplinary evidence examined
in the chapters that follow.

The Second Adaptive Problem: From
Detection to Relevance

The ability to detect change constitutes the indispensable point of departure for
every cognitive architecture. No adaptive system can respond intelligently to
circumstances that remain entirely outside its informational horizon. Yet the successful
resolution of this first adaptive problem immediately gives rise to a second challenge
whose significance is often underestimated. Detecting change is not equivalent to
understanding which changes matter.

Natural environments confront every adaptive system with an overwhelming
abundance of information. Biological organisms receive continuous streams of sensory
input. Artificial intelligence systems process enormous quantities of digital data.
Organisations operate within environments saturated by reports, regulations,
communications and external events. Public institutions face a constant flow of political
demands, economic indicators, legal developments, citizen expectations and
technological transformations. In every case, the informational environment exceeds by
several orders of magnitude the processing capacity available to the system itself.

This asymmetry between available information and available processing
resources creates an unavoidable adaptive constraint. If every detected signal were
treated as equally significant, the system would rapidly exhaust its capacity to produce
coherent behaviour. Conversely, if potentially important signals were systematically
ignored, adaptation would progressively deteriorate as the system became increasingly
disconnected from relevant environmental change. The problem, therefore, is not the
acquisition of information but the allocation of relevance.

The importance of this distinction becomes immediately apparent when the
scientific literature is examined across disciplinary boundaries. Cognitive psychology has
traditionally described attention as the process through which limited cognitive resources
are selectively allocated to particular stimuli while others remain in the background.
Neuroscience identifies complex neural mechanisms responsible for regulating this
selective allocation. Atrtificial intelligence employs a variety of computational strategies
through which relevant information receives differential weighting during processing.
Organisational theory studies agenda setting, prioritisation and resource allocation as
mechanisms through which institutions distinguish urgent matters from less
consequential developments. Although the mechanisms differ substantially, the adaptive
problem they address remains strikingly similar.

This observation illustrates an important principle that has gradually emerged
throughout the present investigation. Scientific convergence need not occur at the level
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of mechanisms in order to exist at the level of functional necessity. Attention, understood
narrowly as a psychological faculty, belongs primarily to biological cognition. Relevance
allocation, understood as the functional requirement to distinguish what deserves further
processing from what may temporarily remain unattended, appears considerably more
general. It is this second level that becomes methodologically significant for an
operational theory of cognition.

The distinction should nevertheless be handled with care. Not every process of
prioritisation necessarily constitutes cognition. Mechanical filtering systems routinely
discard irrelevant information according to predefined rules without displaying any
broader adaptive intelligence. A network firewall ignores certain forms of digital traffic. An
email filter separates spam from legitimate correspondence. A sensor may activate only
when a threshold value has been exceeded. Such systems unquestionably allocate
relevance in a restricted operational sense, yet they do so without continuously
integrating that activity into a larger architecture capable of learning, reasoning or
adapting. Relevance allocation therefore appears necessary for cognition, but not
sufficient.

Its deeper significance lies elsewhere. By reducing the informational complexity
confronting the system, relevance allocation prepares the conditions under which
information may become meaningful rather than merely available. Until signals have
been selected according to their adaptive significance, no subsequent process can
determine what those signals imply for the system itself. Selection therefore creates the
possibility of interpretation while remaining unable to perform interpretation on its own.

This transition marks another characteristic feature of cognitive architectures.
Every adaptive solution proves simultaneously productive and incomplete. Resolving
one problem generates the conditions under which the next problem becomes visible.
Environmental sensing made adaptive interaction possible but left unresolved the
question of informational overload. Relevance allocation resolves that difficulty while
immediately exposing another. A system may successfully identify the information most
deserving of further processing, yet selected information remains behaviourally inert until
the system can determine what that information means in relation to its own goals,
internal state and environmental context.

The third adaptive problem therefore concerns not the selection of information,
but the construction of meaning.

The Third Adaptive Problem: From
Relevance to Meaning

The successful allocation of relevance represents a decisive advance in the
adaptive capabilities of any cognitive system. By distinguishing those environmental
signals that deserve further processing from the vast quantity of information that can
safely remain unattended, the system protects itself against informational overload while
preserving the possibility of coherent adaptive behaviour. Yet, important though this
achievement may be, it remains fundamentally incomplete. A signal may be highly
relevant without the system having any understanding of what that signal actually
implies.
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This distinction between relevance and meaning constitutes one of the most
fundamental transitions within cognitive organisation. Relevance answers the question
of what deserves attention. Meaning addresses a different question altogether: what
does this information signify in relation to the system itself? Until this second
question has been answered, even the most carefully selected information remains
incapable of guiding adaptive behaviour. Information has entered the cognitive
architecture, but it has not yet become knowledge.

Across the cognitive sciences, this transformation appears under many different
names. Psychology investigates perception, categorisation and semantic interpretation
as processes through which sensory information becomes cognitively meaningful.
Neuroscience analyses distributed neural activity supporting pattern recognition,
conceptual integration and contextual interpretation. Artificial intelligence employs
models that transform raw data into structured representations capable of supporting
increasingly sophisticated inference. Organisational theory examines sensemaking,
interpretation and shared understanding as mechanisms through which institutions
assign significance to events occurring within their external environment. Although the
vocabulary varies considerably, the underlying adaptive challenge remains remarkably
consistent.

The recurring appearance of this challenge across such diverse scientific
traditions suggests that meaning construction occupies a more fundamental position
than any particular mechanism through which it is implemented. Biological organisms
interpret through nervous systems shaped by evolution. Atrtificial intelligence relies upon
computational architectures trained through statistical optimisation. Public institutions
construct meaning through legal frameworks, professional expertise, administrative
procedures, political deliberation and organisational culture. These mechanisms differ
profoundly in their material nature, yet all attempt to resolve the same adaptive problem:
transforming selected information into an internally coherent understanding capable of
supporting future action.

This observation introduces an important distinction that will remain central
throughout the remainder of the Working Paper. Information should not be confused with
meaning, just as meaning should not be confused with knowledge. Information exists
independently of the system that receives it. Meaning arises only when that information
is interpreted within the context of the system's existing internal organisation.
Knowledge, in turn, requires that meaning persist in forms capable of influencing future
behaviour. These three levels are closely related, yet each resolves a different adaptive
problem and therefore performs a distinct role within the emerging cognitive architecture.

The distinction becomes particularly evident when interpretation fails. Cognitive
systems frequently encounter situations in which highly relevant information cannot be
meaningfully integrated because no adequate conceptual framework yet exists.
Scientific anomalies, unprecedented crises, disruptive technologies or unexpected
environmental transformations often produce precisely this condition. The information is
available, its importance is recognised, but its significance remains uncertain. Under
such circumstances, adaptive performance deteriorates not because information is
lacking, but because meaning has not yet been successfully constructed.

This phenomenon illustrates why cognition cannot be reduced either to
information processing or to selective attention alone. A system capable of detecting and
prioritising environmental change may nevertheless remain unable to respond
intelligently if it lacks the capacity to interpret what those changes represent.
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Interpretation therefore constitutes another necessary condition for cognition, while still
remaining insufficient on its own. Understanding the significance of an event does not
guarantee that the system will continue to benefit from that understanding once the
immediate situation has passed.

Here the architecture reveals another of its characteristic transitions. Meaning is
inherently fragile. Unless preserved in some form beyond the moment of interpretation,
it disappears together with the circumstances that produced it. Every adaptive system
therefore confronts a new and unavoidable challenge. If the significance of past
experience cannot be retained, each encounter with the environment becomes
effectively the first. Learning, cumulative adaptation and long-term improvement become
impossible because the system repeatedly loses the very knowledge it has generated.

The next adaptive problem therefore emerges with remarkable inevitability. How
can meaning survive the passage of time?

The Fourth Adaptive Problem: From
Meaning to Continuity

The construction of meaning marks a decisive transition in the development of
cognitive organisation. Information has ceased to be merely detected or selected and
has acquired significance within the internal context of the system itself. At this stage,
the architecture has become capable of understanding, in however elementary a sense,
what particular environmental conditions imply for its own continued interaction with the
world. Yet this achievement immediately reveals another limitation whose consequences
are impossible to ignore: meaning is intrinsically ephemeral.

Interpretation occurs in the present. Environmental situations change
continuously. Internal states evolve. Contexts disappear. Unless the significance
generated through successful interpretation can persist beyond the moment in which it
first emerged, every future interaction confronts the system as though no previous
encounter had ever taken place. The adaptive benefits produced through interpretation
vanish almost immediately, forcing the system to reconstruct the same understanding
repeatedly without cumulative improvement.

The adaptive problem therefore changes once again. The question is no longer
how information acquires meaning, but how meaning survives time.

Across the scientific traditions reviewed earlier in this paper, remarkably similar
responses to this challenge appear despite profound differences in implementation.
Psychology investigates memory as the persistence of experience capable of influencing
future cognition and behaviour. Neuroscience examines the biological mechanisms
through which neural systems stabilise patterns of activity over time. Artificial intelligence
employs parameters, internal states, retrieval mechanisms and external memory
structures that allow previous interactions to shape subsequent processing.
Organisations preserve accumulated experience through procedures, documentation,
professional practice, institutional routines and organisational culture. Public institutions
maintain continuity across political cycles by embedding knowledge within legal systems,
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administrative records, regulatory frameworks and long-established operational
practices.

At first sight, these examples appear to describe entirely different phenomena.
Biological memory, digital storage and institutional archives share few obvious physical
similarities. Yet, viewed through the methodological perspective developed throughout
the present investigation, their common purpose becomes increasingly visible. Each
constitutes a mechanism through which adaptive understanding is prevented from
disappearing once the immediate circumstances that generated it have passed.

This distinction deserves particular emphasis because it fundamentally alters the
way memory is interpreted within the present theoretical framework. Traditional
descriptions frequently characterise memory as the storage or retrieval of information.
Such descriptions are entirely appropriate within their respective domains, but they
describe the mechanism rather than the adaptive necessity from which that mechanism
arises. The deeper functional requirement concerns neither storage nor retrieval in
themselves. It concerns the preservation of adaptive continuity.

A cognitive system incapable of preserving successful interpretations cannot
accumulate experience. Without accumulated experience, learning becomes impossible.
Without learning, adaptation remains confined to immediate reactions whose
effectiveness cannot progressively improve over time. Memory therefore occupies a
unique position within the emerging architecture. Unlike previous functions, which
primarily transform incoming information, memory establishes continuity across
successive interactions between the system and its environment. It binds separate
episodes into an organised developmental history.

This continuity introduces a qualitative transformation in the nature of cognition
itself. Until now, every adaptive problem has been resolved within the present moment.
Detection, relevance allocation and meaning construction all concern the current
interaction between system and environment. Memory introduces time as an explicit
dimension of cognitive organisation. Past interactions begin to shape present
interpretation, while present experience becomes capable of influencing future
behaviour. Cognition ceases to exist exclusively in the immediate present and becomes
historically organised.

Nevertheless, continuity alone cannot guarantee adaptive improvement. A
system may faithfully preserve enormous quantities of past experience while remaining
incapable of extracting general principles from that experience or applying them to novel
situations. Libraries preserve knowledge without reasoning. Databases accumulate
information without understanding. Archives maintain continuity without necessarily
improving future decisions. Preservation therefore resolves only part of the adaptive
challenge.

The preservation of adaptive continuity therefore transforms cognition in a
fundamental way. Experience no longer disappears once the immediate interaction with
the environment has ended. Previous interpretations remain available to influence future
behaviour, allowing the system to accumulate progressively richer representations of its
own adaptive history. Yet preserved experience alone does not improve adaptation.

A library contains accumulated knowledge without reasoning. A digital archive
preserves information without judgement. An institution may maintain decades of
documentation while repeatedly making poor decisions if that accumulated experience
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is never actively incorporated into its ongoing cognitive processes. Continuity therefore
establishes the possibility of cumulative adaptation without guaranteeing its realisation.

The adaptive challenge consequently changes once again. The system must now
determine how preserved experience can be integrated into the interpretation of present
circumstances, then, adaptive continuity makes knowledge possible but it does not yet
make knowledge operational.

The next adaptive problem therefore concerns the integration of accumulated
experience into current cognition.

The Fifth Adaptive Problem: From
Continuity to Operational Knowledge

The preservation of adaptive continuity resolves one of the most fundamental
limitations confronting every cognitive system. Experience no longer disappears once
immediate interaction with the environment has ended. Interpretations remain available
beyond the circumstances that originally produced them, allowing the system to
accumulate an increasingly rich history of adaptive engagement. Yet, despite its
importance, continuity alone does not improve behaviour. The mere existence of
preserved experience offers potential rather than capability.

This distinction is frequently overlooked because memory and knowledge are
often treated as interchangeable concepts. Within the present theoretical framework,
however, they perform fundamentally different adaptive roles. Memory preserves.
Knowledge organises. A system may retain enormous quantities of previous experience
while remaining incapable of applying that experience coherently to present
circumstances. Preservation therefore solves the problem of persistence, but it does not
yet solve the problem of utilisation.

The adaptive challenge now becomes considerably more demanding. Every new
environmental situation occurs within a context that is never entirely identical to any
previous experience. If preserved interpretations were simply retrieved mechanically
whenever superficially similar conditions appeared, adaptive behaviour would rapidly
become inflexible. Successful cognition therefore requires something more sophisticated
than recollection. It requires the capacity to integrate accumulated experience into an
evolving internal representation capable of informing present interpretation without
merely reproducing the past.

Across different scientific traditions this capability receives many names.
Psychology speaks of schemas, mental models and conceptual structures through which
individual experiences become organised into more general knowledge. Neuroscience
investigates distributed representations that integrate repeated patterns across multiple
episodes rather than storing isolated memories alone. Artificial intelligence develops
latent representations, embeddings and internal models that enable systems to
generalise beyond the specific examples encountered during training or interaction.
Organisations consolidate experience into doctrines, best practices, professional
standards, strategic frameworks and institutional expertise that extend far beyond
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individual events. Once again, the mechanisms differ profoundly, yet the adaptive
requirement remains strikingly similar.

The distinction between preserved experience and operational knowledge
deserves particular emphasis because it represents another transition in the progressive
abstraction of the cognitive architecture. Experience belongs to the past. Knowledge
belongs to the present. Memory allows previous interactions to survive. Knowledge
allows those interactions to influence ongoing cognition. Without this transformation,
every new situation would require searching individually through accumulated
experience, an approach whose adaptive efficiency would rapidly collapse as the
quantity of preserved information increased.

Knowledge integration therefore performs a remarkable organisational function.
It compresses the history of adaptation into structures that remain continuously available
during future cognitive activity. Rather than consulting the entire record of previous
experience, the system constructs progressively richer internal organisations through
which recurrent regularities become immediately accessible. Adaptive behaviour thus
becomes increasingly anticipatory rather than merely reactive, because the accumulated
history of interaction has been reorganised into forms capable of guiding present
interpretation before explicit retrieval even becomes necessary.

Nevertheless, this achievement also exposes another limitation. Possessing
operational knowledge does not automatically determine what should be done in a
particular situation. Multiple interpretations frequently remain compatible with the
available evidence. Different courses of action remain possible. Environmental
uncertainty persists. Knowledge expands the range of adaptive possibilities without
selecting among them.

The architecture therefore confronts another unavoidable problem: how should
available knowledge be transformed into coherent judgements under conditions of
uncertainty? The answer to that question introduces the next major domain of cognitive
organisation: reasoning.

The Sixth Adaptive Problem: From
Operational Knowledge to Judgement

The progressive transformation of preserved experience into operational
knowledge fundamentally alters the adaptive capabilities of a cognitive system. The
system no longer depends exclusively upon immediate environmental information nor
upon isolated memories of previous encounters. Instead, accumulated experience has
been reorganised into structures capable of informing present interpretation in ways that
extend beyond any individual episode. Yet, despite this considerable achievement,
another limitation rapidly becomes apparent: knowledge does not determine action.

No matter how extensive the knowledge available to a system may be, adaptive
environments rarely present situations in which a single course of action follows
automatically from the information at hand. Environmental conditions remain incomplete,
ambiguous and constantly changing. Multiple interpretations often remain plausible.
Competing objectives coexist. Future consequences cannot be observed directly. In
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short, the system must repeatedly confront situations in which certainty is unavailable,
while action nevertheless remains unavoidable.

The adaptive problem therefore changes once again. It is no longer sufficient to
possess organised knowledge. The system must determine how that knowledge should
be employed to evaluate alternative interpretations, anticipate possible consequences
and reduce uncertainty to a level compatible with coherent action.

Across the cognitive sciences this requirement appears under a wide variety of
conceptual forms. Psychology investigates inference, problem-solving and abstract
reasoning as processes through which existing knowledge is applied to unfamiliar
situations. Neuroscience explores the distributed neural dynamics supporting planning,
prediction and cognitive flexibility. Artificial intelligence develops inference mechanisms,
planning algorithms and probabilistic models capable of generating coherent responses
despite incomplete information. Organisations rely upon analytical procedures, expert
deliberation, strategic assessment and policy analysis to transform accumulated
institutional knowledge into actionable judgements. Once again, the mechanisms differ
substantially, yet the adaptive challenge remains remarkably stable.

This observation reinforces one of the central methodological conclusions
developed throughout the present Working Paper. Scientific convergence should not be
sought primarily at the level of implementation but at the level of adaptive necessity.
Biological reasoning, computational inference and institutional analysis are clearly not
identical processes. Nevertheless, each attempts to resolve the same organisational
problem: how to produce sufficiently reliable judgements when certainty is impossible.

Understanding reasoning in this way clarifies an important conceptual distinction.
Reasoning should not be confused with knowledge itself. Knowledge represents the
organised availability of adaptive understanding accumulated through previous
interactions. Reasoning is the active process through which that understanding is
evaluated, combined, extended and applied to circumstances that have never occurred
in precisely the same form before. Knowledge provides the material from which
judgement may emerge. Reasoning produces the judgement.

This distinction becomes particularly evident in situations characterised by
novelty. Adaptive systems rarely encounter environments that perfectly reproduce
previous experience. Unexpected crises, technological innovations, institutional
disruptions or ecological transformations continually generate conditions for which no
complete historical precedent exists. Under such circumstances, cognition cannot rely
upon retrieval alone. It must construct provisional explanations capable of guiding
behaviour despite the absence of certainty. Reasoning therefore represents the
architecture's principal mechanism for extending existing knowledge into domains where
direct experience remains incomplete.

Yet even this capability does not resolve the adaptive cycle. Judgement itself
remains behaviourally inert until one possibility is selected from among the alternatives
that reasoning has identified. A system may analyse situations with remarkable
sophistication while remaining incapable of committing itself to any particular course of
action. Evaluation without commitment cannot modify the environment.

The architecture therefore encounters another unavoidable transition in which the
adaptive problem is no longer how uncertainty should be reduced but it becomes how
commitment should emerge from judgement. The next functional domain is therefore not
reasoning itself, but decision.
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The Seventh Adaptive Problem: From
Judgement to Commitment

The capacity to reason transforms organised knowledge into informed
judgement. Alternative interpretations can be compared, future consequences
anticipated and uncertainty progressively reduced through analytical evaluation. Yet,
despite its central importance, reasoning remains an essentially exploratory activity. It
expands understanding without, by itself, altering either the internal state of the system
or the external environment within which adaptation must ultimately occur.

This distinction reveals another fundamental limitation within the emerging
cognitive architecture. Multiple courses of action may remain plausible even after
extensive reasoning has taken place. Additional analysis may continue to generate
further possibilities, qualifications or alternative scenarios without necessarily bringing
the system any closer to adaptive behaviour. Under conditions of uncertainty, reasoning
alone possesses no intrinsic termination point. Every conclusion may be reopened by
new information, alternative assumptions or additional reflection.

The adaptive problem therefore changes once again. It is no longer sufficient to
produce increasingly sophisticated judgements. The system must determine when
uncertainty has been reduced to a level at which continued analysis becomes less
adaptive than commitment itself.

This transition introduces one of the defining characteristics of cognitive
organisation. Every adaptive system eventually confronts the necessity of acting despite
incomplete knowledge. Absolute certainty remains unattainable. Waiting indefinitely for
perfect information frequently carries greater adaptive cost than committing to the most
coherent interpretation currently available. Decision therefore emerges not because
uncertainty has disappeared, but because adaptive behaviour cannot remain indefinitely
suspended while uncertainty continues to be analysed.

Across scientific disciplines this transition assumes different forms while
preserving a remarkably similar adaptive logic. Psychology investigates decision-making
as the selection of one behavioural alternative among several possibilities. Neuroscience
analyses distributed neural dynamics associated with commitment and action selection.
Artificial intelligence employs optimisation procedures, search strategies and decision
policies through which one response is ultimately chosen from a broader space of
possibilities. Organisations establish formal governance processes, executive authority,
legal procedures and administrative protocols that transform collective analysis into
institutional commitment. Once again, mechanisms differ profoundly, yet the adaptive
necessity remains constant.

Seen from this perspective, decision performs a distinctive function within the
architecture. It does not primarily create knowledge, nor does it directly transform the
environment. Its essential role is to convert evaluative uncertainty into organisational
commitment. Before decision, multiple futures remain simultaneously possible. After
decision, one future becomes provisionally preferred, allowing coordinated action to
begin.

This clarification also explains why decision should not be confused with
reasoning. Reasoning continually expands the space of possibilities by exploring
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alternatives and examining consequences. Decision performs the opposite operation. It
deliberately narrows that space by selecting one course of action while excluding others,
at least temporarily. The two processes therefore complement rather than replace one
another. Reasoning maintains cognitive openness. Decision establishes adaptive
closure.

Yet commitment alone still leaves the central objective of cognition unfulfilled. A
decision that remains entirely internal produces no modification of the environment to
which the system seeks to adapt. Judgements may be excellent and commitments
entirely coherent while the external conditions confronting the system remain
unchanged. The architecture therefore reaches another unavoidable transition.

The adaptive challenge now becomes considerably more concrete: How can
internal commitment be translated into effective interaction with the environment? Only
at this point does cognition leave the internal domain of representation, evaluation and
commitment to engage directly with the world through behaviour. The next adaptive
problem is therefore action.

The Eighth Adaptive Problem: From
Commitment to Environmental
Intervention

Throughout the preceding sections, the emerging cognitive architecture has
progressively transformed environmental information into increasingly sophisticated
forms of internal organisation. Signals have become relevant, relevance has become
meaning, meaning has acquired continuity, continuity has developed into operational
knowledge, knowledge has supported judgement and judgement has culminated in
commitment. Yet, despite this remarkable progression, the adaptive objective that
originally motivated the entire architecture still remains unresolved.

Nothing has yet changed in the environment itself. This observation may appear
almost self-evident, yet its theoretical implications are profound. A cognitive system may
possess extraordinarily sophisticated internal capabilities while remaining entirely
incapable of influencing the conditions to which those capabilities ultimately refer.
Understanding an environment does not modify it. Preserving experience does not
transform it. Even commitment, however coherent, remains an internal organisational
state until translated into behaviour capable of interacting with the external world.

The adaptive problem therefore changes once again. The question is no longer
how the system should organise its internal cognitive processes, but how those
processes become effective interventions within the environment from which cognition
originally emerged.

Across the scientific disciplines considered throughout this Working Paper, action
occupies a position whose importance extends far beyond the execution of previously
selected decisions. Psychology analyses behaviour as the observable expression of
internal cognitive organisation. Neuroscience investigates the neural mechanisms
responsible for transforming intention into coordinated motor activity. Artificial intelligence
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ultimately demonstrates its effectiveness only through actions capable of modifying
external states, whether physical or digital. Organisations implement policies, allocate
resources, deliver services and enact regulations through operational activity that
extends beyond planning itself. Public institutions, perhaps more clearly than any other
complex system, illustrate that decisions acquire societal significance only when
translated into concrete interventions affecting citizens, infrastructures and public
services.

This common pattern suggests that action performs a function considerably more
fundamental than execution alone. Action constitutes the point at which cognition ceases
to be exclusively internal and becomes an active participant in its own adaptive
environment. Through action, the system begins to modify precisely those external
conditions whose future consequences it will subsequently need to perceive, interpret
and evaluate. Cognition therefore becomes causally entangled with the environment it
seeks to understand.

This transition introduces another characteristic property of cognitive
architectures. Internal coherence and adaptive effectiveness are not identical. A system
may reason flawlessly according to its own internal representations while nevertheless
producing actions that fail to improve its relationship with the environment. Conversely,
relatively simple internal reasoning may sometimes generate highly successful adaptive
outcomes. The ultimate criterion for cognitive organisation cannot therefore reside
exclusively within internal consistency. It must also include the capacity to produce
environmentally effective behaviour.

At this point, however, another limitation immediately emerges. Action modifies
the environment, but the system cannot yet know whether those modifications have
improved or degraded its adaptive position. The consequences of behaviour remain
uncertain until they themselves become objects of subsequent cognition. Every
intervention therefore generates new environmental conditions whose significance
cannot simply be assumed.

The architecture consequently reveals another unavoidable adaptive problem:
How can the system determine whether its actions have actually produced the outcomes
upon which future adaptation should depend? Only by answering that question can
cognition progress beyond intelligent behaviour towards cumulative adaptive
improvement. The next functional domain therefore concerns evaluation.

The Ninth Adaptive Problem: From
Environmental Intervention to Outcome
Evaluation

The execution of adaptive behaviour represents the first moment at which the
cognitive architecture directly influences the environment from which its activity originally
emerged. Internal representations have been translated into external intervention.
Decisions have become actions. The relationship between system and environment has
been modified through the system's own behaviour. Yet, despite this decisive transition,
the adaptive cycle remains fundamentally incomplete.
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Action alone possesses no intrinsic adaptive value. An intervention may improve
the relationship between system and environment, leave it essentially unchanged or
even make future adaptation considerably more difficult. At the moment of action, the
system cannot yet know which of these possibilities has occurred. Every intervention
therefore generates a new form of uncertainty whose resolution becomes indispensable
if cognition is to extend beyond immediate behaviour towards cumulative adaptation.

The adaptive problem changes once again. No longer does the system ask how
it should understand the environment or how it should act upon it. Instead, it confronts a
more demanding question: What were the actual consequences of my own
behaviour?

This transition represents one of the most significant developments within the
emerging architecture because it introduces a fundamentally new object of cognition.
Until now, the system has directed its cognitive resources primarily towards
understanding the external world. Following action, however, the system must begin to
analyse the relationship between its own internal organisation and the environmental
consequences that organisation has produced. Cognition therefore becomes partially
reflexive.

Across scientific disciplines this adaptive requirement appears in multiple forms.
Psychology investigates performance monitoring, error detection and behavioural
feedback. Neuroscience examines neural mechanisms involved in prediction error,
reinforcement signals and outcome comparison. Artificial intelligence relies upon reward
functions, performance metrics, feedback signals and environmental evaluation to
determine whether generated actions have achieved their intended objectives.
Organisations conduct audits, performance reviews, programme evaluations and policy
assessments in order to compare intended outcomes with actual consequences. Public
institutions increasingly employ monitoring systems, performance indicators and
evidence-based evaluation precisely because action alone provides no guarantee of
successful governance.

Despite these diverse implementations, the adaptive necessity remains
remarkably stable. Every cognitive system must somehow establish whether its
interventions have reduced or increased the adaptive challenges confronting it. Without
such evaluation, future behaviour remains disconnected from its own consequences.
Action becomes repetition rather than adaptation.

This distinction clarifies another important characteristic of the architecture.
Evaluation should not be understood merely as the measurement of external outcomes.
Its deeper function lies in comparing expectations with reality. Before action, the system
constructs judgements regarding probable consequences. After action, those
expectations encounter empirical evidence. Evaluation therefore occupies the critical
interface between prediction and observation, transforming experience into information
capable of modifying future cognition.

Only at this stage does the adaptive cycle generate the conditions necessary for
genuine improvement. Until actions have been systematically evaluated, preserved
experience cannot be distinguished from successful experience. Knowledge cannot
discriminate between effective and ineffective strategies. Memory accumulates episodes
indiscriminately, while reasoning continues to rely upon assumptions whose validity has
never been empirically examined. Evaluation therefore performs the indispensable task
of assigning adaptive significance to experience itself.
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Yet even this achievement remains incomplete. A system may accurately
recognise that particular actions have succeeded or failed while nevertheless continuing
to behave exactly as before. The ability to evaluate consequences does not automatically
modify future cognition. It merely establishes the informational conditions under which
such modification becomes possible.

The architecture therefore approaches its final adaptive transition. How should
evaluated experience reorganise future cognition? Only then does learning become
possible.

The Tenth Adaptive Problem: From
Evaluation to Learning

The systematic evaluation of adaptive outcomes transforms experience into
evidence. For the first time within the cognitive architecture, the system possesses
information not only about the external environment but also about the effectiveness of
its own behaviour. Predictions have encountered reality. Expectations have been
confronted by consequences. The adaptive cycle has generated a comparison between
what the system believed would happen and what actually occurred.

Yet this comparison, important though it may be, remains informational rather
than transformational. A system may recognise that particular actions repeatedly fail
while continuing to reproduce precisely the same behaviour. Likewise, it may identify
highly successful adaptive strategies without incorporating them into future decision-
making. Evaluation therefore establishes the conditions under which improvement
becomes possible, but it does not itself constitute improvement.

The adaptive problem consequently changes once again: How should evaluated
experience modify future cognition?

This question introduces the phenomenon traditionally described as learning.
Within the framework developed throughout the present investigation, however, learning
acquires a considerably more precise meaning than is often found within the broader
cognitive sciences. Learning is not simply the accumulation of experience, nor the
storage of additional information, nor even the recognition of previous errors. Rather,
learning consists in the systematic modification of future cognitive behaviour on the basis
of evaluated adaptive outcomes.

This distinction deserves particular emphasis because it separates three
processes that frequently appear conflated within existing literature. Experience provides
the raw material of adaptation. Evaluation determines the adaptive significance of that
experience. Learning incorporates that significance into the organisation of future
cognition. Each process therefore resolves a different adaptive problem while preparing
the conditions necessary for the next.

Across scientific traditions remarkably similar patterns emerge. Psychology
investigates behavioural learning, conceptual change and skill acquisition as processes
through which previous performance influences future cognition. Neuroscience
examines synaptic plasticity and large-scale network reconfiguration associated with
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sustained behavioural modification. Artificial intelligence adjusts internal parameters,
policies or models according to evaluated performance across successive interactions.
Organisations revise procedures, update protocols, redesign policies and modify
operational practices following systematic assessment of previous interventions. Public
institutions incorporate legislative reforms, administrative innovation and policy revision
when evaluation demonstrates persistent deficiencies or newly emerging opportunities.

Although the mechanisms differ profoundly, the adaptive logic remains
remarkably stable. Learning does not preserve the past, instead, it changes the future.

Seen from this perspective, learning occupies a unique position within the
cognitive architecture. Every previous function has operated primarily upon information
already available to the system. Learning alone operates upon the organisation of
cognition itself. It determines how future detection, interpretation, reasoning and
decision-making will differ from previous cycles. In doing so, it establishes the possibility
of cumulative adaptive development rather than simple behavioural repetition.

Yet even learning does not represent the final stage of the architecture. Learning
identifies what should change, but it does not necessarily accomplish that change.

The distinction becomes particularly evident in large organisations. Institutions
frequently learn that existing procedures are ineffective while proving unable to modify
the structures responsible for those procedures. Individuals may acquire new
understanding while remaining constrained by obsolete organisational arrangements.
Artificial systems may identify superior strategies without immediately restructuring the
architectures through which those strategies operate. The possibility of improvement
therefore exceeds its implementation.

The architecture consequently reaches its final adaptive problem: How can
learning become durable structural change? Only then does cognition complete its full
adaptive cycle.
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Chapter 5

From Functional Reconstruction to
Structural Necessity

The preceding chapter completed the primary constructive objective of the
present investigation. Through the progressive integration of evidence drawn from
psychology, neuroscience, cybernetics, systems theory, complexity science and artificial
intelligence, it became possible to reconstruct cognition as a continuous operational
architecture composed of successive adaptive transformations. Rather than treating
perception, memory, learning, reasoning or decision-making as isolated faculties, the
proposed framework organised them into a coherent sequence whose internal continuity
explained how information is progressively transformed into adaptive action and how
adaptive action, in turn, continuously reshapes the informational conditions from which
subsequent cognitive activity emerges. The resulting architecture therefore represents
not a catalogue of cognitive functions but a functional reconstruction intended to identify
the minimal organisational continuity capable of sustaining cognition independently of
the particular biological or computational mechanisms through which that continuity may
eventually be implemented.

The completion of such a reconstruction, however, does not conclude the
scientific investigation. On the contrary, it marks the point at which a different and
considerably more demanding form of analysis must begin. Throughout the history of
science, explanatory models have frequently succeeded in organising large bodies of
empirical evidence while nevertheless incorporating assumptions, intermediate
constructs or structural elements that later proved unnecessary once more rigorous
methods of evaluation became available. Internal coherence, valuable though it
undoubtedly is, cannot therefore be regarded as the final criterion by which a theoretical
architecture is judged. A model may explain a phenomenon convincingly and still contain
organisational complexity that exceeds what is strictly required for the explanation itself.
The question consequently shifts from whether an architecture is capable of explaining
a phenomenon to whether every element composing that architecture contributes
something whose absence would genuinely diminish its explanatory capacity.

This distinction introduces a methodological transition that will govern the
remainder of the present Working Paper. The previous chapters were concerned
primarily with identifying the organisational regularities that repeatedly emerged across
multiple scientific traditions. Their objective was constructive. They sought to determine
whether apparently divergent approaches to cognition concealed a common operational
structure that had remained largely implicit within the literature. Having completed that
reconstruction, the objective necessarily changes. The task is no longer to discover
additional transformations or to expand the explanatory framework. Instead, it becomes
necessary to justify the continued presence of every transformation that has already
been identified. Scientific maturity is reached not when a theory becomes increasingly
elaborate, but when it can demonstrate that no component remains merely because it
appears intuitively plausible or descriptively convenient. Every element must justify its
place within the explanatory architecture through explicit methodological criteria rather
than through conceptual preference alone.
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Seen from this perspective, the central question addressed in this chapter is
fundamentally different from those that guided the reconstruction developed previously.
The issue is not whether the proposed architecture provides a coherent description of
cognition, since that objective has already been achieved. Nor is it whether alternative
reconstructions might eventually prove possible, for every scientific theory necessarily
remains open to future revision. The immediate question is considerably narrower and,
for that very reason, methodologically more rigorous. Can each operational
transformation identified in the reconstructed cognitive cycle demonstrate that its
removal would compromise the functional continuity of the architecture as a whole? If
the answer is affirmative, the transformation satisfies a criterion of structural necessity. If
not, its continued inclusion requires further justification or eventual elimination.

The importance of this question extends beyond the present investigation.
Scientific explanation advances not merely by accumulating increasingly comprehensive
descriptions but by progressively distinguishing between what is indispensable and what
is contingent. The history of mature scientific theories repeatedly illustrates that
explanatory power often increases as unnecessary complexity is removed rather than
added. Simplicity, understood in this sense, is not an aesthetic preference nor a
methodological fashion. It is the consequence of demonstrating that every surviving
component performs a function that cannot be eliminated without reducing the
explanatory integrity of the system itself. The objective is therefore not to construct the
smallest possible architecture, but to identify the smallest architecture capable of
preserving the complete operational continuity required for cognition to emerge.

The remainder of this chapter is organised around that objective. Rather than
extending the theoretical reconstruction presented previously, the following sections
subject it to a systematic examination designed to determine whether each proposed
transformation satisfies explicit criteria of structural necessity. Only if the reconstructed
architecture successfully survives that examination does it become meaningful to
proceed towards the next stage of the investigation, namely the empirical question of
whether such an operational structure generates predictions capable of being evaluated
independently of the theoretical assumptions from which it was originally derived.

From Structural Necessity to a Reduction
Protocol

Having established that every component of the reconstructed architecture must
justify its continued presence through explicit demonstration rather than descriptive
plausibility, the next methodological question concerns the procedure by which such
justification can be achieved. Structural necessity cannot be established through intuition
alone, nor can it be inferred simply because a particular transformation appears
cognitively significant or has traditionally occupied a prominent place within existing
theoretical frameworks. If the objective is to determine whether an operational
architecture contains unnecessary complexity, the evaluation itself must be governed by
explicit principles that remain independent of the particular reconstruction being
examined. Otherwise, the reduction process would merely reproduce the assumptions
that originally generated the architecture and would therefore fail to provide an authentic
methodological test.
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For this reason, the reduction undertaken in the present investigation is organised
as a systematic protocol rather than as an exercise in conceptual simplification. The
purpose of the protocol is not to identify elegant descriptions or aesthetically simpler
formulations, but to determine whether each operational transformation satisfies
conditions whose fulfilment can be examined independently of the expectations of the
investigator. Every candidate transformation is therefore treated as provisionally
dispensable until its continued inclusion can be justified through explicit analysis. The
burden of proof consequently shifts from demonstrating why a transformation should be
removed to demonstrating why it cannot be removed without compromising the
operational continuity of the cognitive cycle.

This inversion of perspective constitutes one of the central methodological
principles of the present work. Scientific reduction does not begin by asking which
elements appear important, but by assuming that every element is, in principle,
replaceable unless evidence demonstrates otherwise. Such an approach reflects a
broader philosophy of scientific explanation in which theoretical structures earn their
stability not through conceptual familiarity but through repeated survival under
progressively more demanding conditions of evaluation. The reconstructed architecture
proposed in the previous chapter therefore enters the present analysis not as an
established conclusion but as a provisional hypothesis whose individual components
must each withstand an independent examination of structural necessity.

To ensure that this examination remains transparent and reproducible, the
reduction protocol developed here is guided by three complementary criteria. Together,
these criteria seek to distinguish between transformations that merely enrich the
descriptive content of the architecture and those whose removal would interrupt the
functional continuity of the adaptive cycle itself. The criteria do not attempt to establish
whether a transformation is biologically realised in a particular manner, nor whether it
appears in every existing cognitive theory. Instead, they address a more fundamental
question: does the operational architecture continue to function coherently if the
transformation is eliminated? Only transformations that fail this test qualify as structurally
necessary components of the reconstructed cognitive cycle.

The following sections develop each of these criteria individually before applying
them systematically to every transformation within the proposed architecture. This
separation between methodological definition and empirical application is intentional. A
reduction procedure can only be regarded as scientifically credible when its rules are
fully specified before its outcomes become known. By establishing the protocol in
advance, the subsequent analysis avoids adapting its criteria to preserve the architecture
and instead allows the architecture to succeed or fail according to principles that remain
constant throughout the evaluation.

Defining the Criteria of Structural
Necessity

The establishment of a reduction protocol is only meaningful if the principles
governing that protocol are themselves sufficiently explicit to permit independent
evaluation. A procedure that merely states that unnecessary components should be
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removed offers little methodological value unless it also specifies how necessity is to be
recognised. The central challenge therefore lies not in performing the reduction itself, but
in defining objective criteria capable of distinguishing between transformations that are
structurally indispensable and those whose contribution remains merely descriptive.
Only after such criteria have been established does the reduction become a reproducible
scientific exercise rather than an intuitive judgement.

The present investigation adopts three complementary criteria of structural
necessity. Their purpose is not to evaluate different dimensions of cognition
independently, but to examine whether each proposed transformation satisfies the
minimum conditions required to preserve the operational continuity of the adaptive cycle
reconstructed in the previous chapter. No single criterion is sufficient on its own. A
transformation might appear functionally useful while remaining structurally redundant;
conversely, it might satisfy one form of dependency without contributing meaningfully to
the continuity of the overall architecture. The combined application of multiple criteria
therefore reduces the likelihood that a transformation survives the reduction merely
because it performs an isolated or context-dependent role.

The first criterion concerns operational continuity. A transformation can only be
regarded as structurally necessary if its removal interrupts the continuous flow of
adaptive processing that defines the cognitive cycle. The architecture proposed
throughout this work is not conceived as a collection of independent modules but as a
dynamically organised sequence in which every transformation receives conditions
generated by previous operations and simultaneously creates conditions required by
subsequent ones. A candidate transformation therefore demonstrates operational
necessity only when its elimination prevents the architecture from maintaining an
uninterrupted adaptive process. If the remaining transformations can reorganise
themselves without functional discontinuity, the removed element cannot legitimately be
regarded as indispensable.

The second criterion concerns functional dependency. Operational continuity
alone does not determine whether the specific contribution of a transformation can be
absorbed by neighbouring processes or redistributed across the architecture. For this
reason, every candidate transformation must also demonstrate that the adaptive function
it performs cannot be reproduced through alternative combinations of the remaining
transformations. Structural necessity therefore depends not simply on preserving
continuity but on preserving the unique organisational role assigned to each stage of the
cognitive cycle. A transformation whose contribution can be reconstructed indirectly
through existing operations introduces descriptive complexity rather than genuine
explanatory necessity.

The third criterion concerns architectural coherence. Even when operational
continuity and functional dependency appear to be preserved, the elimination of a
transformation may alter the internal organisation of the architecture in ways that reduce
its explanatory consistency or generate unresolved conceptual discontinuities. The
reconstructed sequence proposed in this work represents a coherent organisational
model whose explanatory capacity depends not only upon the existence of individual
transformations but also upon the logical relationships that connect them. Structural
necessity must therefore be evaluated at the level of the architecture as a whole rather
than solely at the level of isolated functions. A transformation satisfies the criterion of
architectural coherence when its removal produces inconsistencies that cannot be
resolved without introducing additional assumptions or alternative mechanisms whose
complexity equals or exceeds that of the original structure.
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Taken together, these three criteria establish a methodological framework
capable of evaluating structural necessity from complementary but mutually reinforcing
perspectives. Operational continuity determines whether cognition can continue to unfold
as an adaptive process; functional dependency establishes whether each transformation
performs an irreplaceable organisational role; architectural coherence examines whether
the resulting structure preserves the explanatory integrity of the reconstructed cognitive
cycle. Only transformations satisfying all three criteria remain justified as components of
the minimal operational architecture proposed throughout this investigation.

It is important to emphasise that these criteria are intentionally independent of
any specific biological implementation, computational architecture or institutional
embodiment. They evaluate organisational necessity rather than physical realisation.
Consequently, the reduction protocol does not seek to determine how cognition is
implemented in particular systems, but whether the abstract functional architecture
reconstructed in the previous chapters can preserve its explanatory continuity after the
removal of each proposed transformation. This distinction is essential because it ensures
that the reduction evaluates the theoretical architecture itself rather than the contingent
characteristics of particular cognitive substrates.

Having established the methodological criteria governing the reduction protocol,
the analysis can now proceed to its systematic application. Each transformation
composing the reconstructed cognitive architecture will be examined individually under
identical evaluative conditions, allowing the architecture to demonstrate whether its
apparent complexity reflects genuine structural necessity or merely descriptive
elaboration.

Applying the Reduction Protocol

Having established the methodological principles governing the reduction
protocol, the analysis can now proceed from methodological definition to operational
evaluation. The objective is no longer to explain how structural necessity should be
assessed, but to determine whether the reconstructed cognitive architecture actually
satisfies the criteria established in the preceding sections. The transition is important. Up
to this point, the chapter has developed the conditions under which a reduction could
legitimately be performed. From this point onward, those conditions are applied
systematically to the architecture itself.

The evaluation follows a deliberately conservative strategy. Rather than
attempting to demonstrate that every transformation deserves to remain within the
architecture, the analysis adopts the opposite assumption. Each transformation is
provisionally treated as dispensable until its removal can be shown to compromise the
operational continuity, functional dependency or architectural coherence of the cognitive
cycle. This inversion of the burden of proof is intentional. A theory becomes
methodologically stronger when its own components are required to justify their
existence under explicit evaluative conditions rather than being accepted by default.

Accordingly, every transformation is subjected to the same sequence of analytical
operations. First, the transformation is provisionally removed from the reconstructed
architecture. Second, the consequences of that removal are examined with respect to
the continuity of the adaptive process. Third, the remaining architecture is analysed to
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determine whether neighbouring transformations can absorb the function previously
performed by the removed component without introducing additional assumptions or
alternative mechanisms. Finally, the overall coherence of the reconstructed sequence is
re-evaluated in order to establish whether the resulting architecture continues to provide
a complete and internally consistent explanation of cognition as an adaptive process.
Only after completing this sequence can the structural necessity of the transformation be
determined.

This procedure is repeated under identical methodological conditions for every
operational transformation proposed in Chapter 4. Maintaining identical evaluative
conditions throughout the analysis is essential because it prevents individual
transformations from being judged according to different standards of evidence. The
objective is not to preserve the original reconstruction, but to expose every component
to precisely the same level of methodological scrutiny. Any transformation capable of
satisfying the criteria of structural necessity survives the reduction independently of the
author's initial expectations. Conversely, any transformation that fails to satisfy those
criteria must either be eliminated or reformulated regardless of its intuitive plausibility or
historical prominence within previous cognitive theories.

An important consequence of this procedure is that the reduction no longer
evaluates isolated cognitive functions but the integrity of an organised adaptive process.
The removal of a transformation is not considered significant merely because a particular
capability disappears. Instead, significance emerges when the elimination produces
cascading consequences that interrupt the capacity of the architecture to sustain
continuous adaptive organisation. Structural necessity therefore becomes an emergent
property of the relationships connecting transformations rather than an intrinsic property
of any individual transformation considered in isolation.

This distinction fundamentally alters the interpretation of the reduction itself. The
analysis does not seek the smallest possible collection of cognitive functions, nor does
it attempt to minimise theoretical complexity for its own sake. Its purpose is to identify
the point beyond which further simplification ceases to preserve the organisational
conditions required for cognition to emerge as a continuous adaptive process. The
surviving architecture is therefore not minimal in a purely numerical sense but
operationally irreducible with respect to the explanatory framework developed
throughout the present investigation.

The following analysis applies this procedure sequentially to each transformation
composing the reconstructed cognitive architecture. Although every transformation is
examined independently, the evaluation should not be interpreted as a series of
disconnected case studies. Each successive analysis contributes to a cumulative
assessment of the architecture as a whole. As additional transformations survive the
reduction protocol, the explanatory burden progressively shifts from individual
components towards the organisational structure emerging from their interdependence.
The outcome of the reduction will therefore depend not upon the survival of isolated
functions but upon the ability of the complete adaptive sequence to preserve its continuity
under increasingly demanding conditions of structural simplification.
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Results of the Sequential Reduction

The systematic application of the reduction protocol reveals a result that is both
theoretically significant and methodologically instructive. Although each operational
transformation entered the evaluation under the assumption that it might ultimately prove
dispensable, none could be eliminated without producing consequences that violated at
least one of the criteria established in the preceding sections. The outcome is not that
every transformation appears useful in a general descriptive sense, but that each
demonstrates a specific contribution whose absence disrupts the continuity, dependency
structure or explanatory coherence of the reconstructed adaptive cycle.

This conclusion should not be interpreted as evidence that every transformation
possesses equal explanatory weight. The reduction protocol does not suggest that all
components occupy identical positions within the architecture or contribute with the same
degree of organisational influence. On the contrary, the sequential analysis reveals
important differences in the way structural necessity manifests itself across the
reconstructed cognitive cycle. Certain transformations generate immediate
discontinuities whose consequences propagate rapidly throughout the architecture,
while others primarily maintain the conditions under which neighbouring transformations
preserve their functional identity. Structural necessity therefore emerges through
different organisational mechanisms rather than through uniform functional importance.

An equally significant result concerns the cumulative behaviour of the
architecture during the reduction process. When considered individually, several
transformations initially appear susceptible to simplification because their immediate
functional contribution may seem partially reproducible by adjacent operations. However,
the sequential evaluation demonstrates that apparent local redundancy frequently
disappears once the broader organisational consequences of removal are examined.
Functions that appear interchangeable at a descriptive level often perform unique roles
in preserving the continuity of adaptive organisation across multiple stages of the
cognitive cycle. What initially resembles redundancy therefore proves to be distributed
dependency operating at the scale of the complete architecture rather than at the level
of isolated transformations.

This observation illustrates an important property of the reconstructed framework.
Structural necessity is not located exclusively within individual transformations but
emerges from the pattern of relationships connecting them. The explanatory integrity of
the architecture depends upon the preservation of those relationships at least as much
as upon the preservation of the transformations themselves. Consequently, the reduction
protocol progressively shifts the focus of evaluation away from isolated cognitive
operations and towards the organisational principles that allow the adaptive cycle to
maintain continuous functional coherence despite the increasing complexity of its
informational transformations.

The sequential character of the reduction also strengthens the methodological
reliability of the results. Because every transformation is examined under identical
evaluative conditions and according to criteria specified before the analysis begins, the
surviving architecture cannot reasonably be interpreted as the consequence of selective
methodological adjustments designed to preserve the original reconstruction. On the
contrary, the stability of the final architecture results precisely from the consistency with
which identical standards have been applied throughout the entire evaluation. The
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reduction therefore functions not as a confirmation of prior expectations but as an
independent examination whose outcome remains constrained by methodological
discipline rather than theoretical preference.

Perhaps the most important consequence of the reduction concerns the status of
the reconstructed architecture itself. The architecture emerging from this process is no
longer merely the product of an integrative synthesis of contemporary cognitive science.
It has become an architecture whose individual components have survived a systematic
attempt at elimination conducted under explicit methodological constraints. This
distinction substantially strengthens the explanatory standing of the proposed framework
because it transforms the reconstruction from a plausible organisational model into a
structure whose complexity has been shown to be justified by demonstrable conditions
of operational necessity.

The outcome of the reduction nevertheless remains provisional in an important
scientific sense. The present analysis demonstrates only that, within the operational
framework developed throughout this investigation, no transformation can presently be
removed without compromising the explanatory continuity of the reconstructed adaptive
cycle. It does not establish that alternative theoretical reconstructions could never
achieve comparable explanatory capacity through different organisational principles. The
reduction therefore identifies the minimal architecture supported by the present
theoretical framework rather than claiming to establish an absolute or universally final
model of cognition.

This methodological distinction is essential because it preserves the falsifiability
of the proposed architecture. The reduction establishes the current limits of theoretical
simplification while simultaneously defining the conditions under which future research
might legitimately revise the reconstruction. Any alternative architecture seeking to
replace the present model would therefore bear the burden of demonstrating that it
preserves the same operational continuity while employing fewer or differently organised
transformations. Until such evidence becomes available, the architecture emerging from
the reduction represents the most parsimonious operational reconstruction supported by
the present investigation.

The Irreducible Operational Architecture

The completion of the reduction protocol marks an important transition in the
status of the reconstructed cognitive architecture. Throughout the previous chapters, the
proposed framework has progressively emerged through the comparative analysis of
contemporary cognitive science, integrating recurrent functional principles into a
coherent operational sequence capable of explaining cognition as a continuous adaptive
process. Although this reconstruction possessed substantial explanatory power, it
nevertheless remained, in methodological terms, a theoretical synthesis whose internal
coherence alone could not establish the necessity of its organisational complexity. The
reduction undertaken in the present chapter has fundamentally altered that situation. The
architecture now stands not merely as an integrative reconstruction but as a structure
that has survived a systematic attempt at theoretical simplification conducted under
explicit and previously defined methodological conditions.
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This distinction deserves careful attention because it clarifies the precise
contribution of the reduction protocol to the broader research programme. The objective
of the preceding analysis has not been to prove that the reconstructed architecture
represents the only conceivable model of cognition, nor to demonstrate that every future
theory must necessarily adopt the same sequence of operational transformations.
Scientific theories cannot establish such forms of finality. What the reduction has
demonstrated is considerably more precise. Within the explanatory framework
developed throughout the present investigation, every surviving transformation performs
an organisational function whose elimination compromises the operational continuity,
functional dependency or architectural coherence of the adaptive cycle. The complexity
of the reconstructed architecture therefore no longer appears as an arbitrary
accumulation of cognitive functions but as the minimum organisational structure
presently required to preserve explanatory completeness.

The architecture emerging from this process may therefore be described as
operationally irreducible. This expression should not be understood in an absolute or
metaphysical sense. Irreducibility does not imply that future scientific developments
could never produce alternative reconstructions employing different organisational
principles or more parsimonious explanatory structures. Rather, it expresses a
methodological conclusion restricted to the present investigation. Given the current state
of the reconstruction and the reduction protocol applied to it, no further simplification can
be achieved without simultaneously reducing the explanatory capacity of the architecture
itself. Irreducibility therefore characterises the present relationship between
organisational simplicity and explanatory sufficiency rather than asserting the permanent
finality of the model.

Recognising this distinction is essential because it preserves one of the defining
characteristics of scientific explanation: openness to revision. The architecture proposed
throughout this Working Paper remains provisional in exactly the same sense that every
mature scientific theory remains provisional. Its acceptance depends not upon
philosophical certainty but upon its continuing capacity to organise evidence more
coherently, generate more precise explanations and withstand more demanding forms
of critical evaluation than competing alternatives. The reduction protocol contributes to
this process by demonstrating that the current architecture cannot be simplified without
measurable explanatory loss, but it does not exempt the architecture from future
empirical examination. On the contrary, surviving theoretical reduction merely prepares
the conditions under which empirical validation becomes scientifically meaningful.

At this point, the methodological trajectory followed throughout the manuscript
reaches a natural point of completion. The investigation began by questioning whether
the concept of cognition possessed sufficient conceptual precision to support
interdisciplinary research extending beyond its traditional biological domain. It
subsequently reconstructed the historical evolution of the cognitive sciences, identified
the progressive abstraction of cognitive explanation towards functional organisation,
developed an operational framework grounded in recurrent adaptive transformations and
finally subjected that framework to a systematic examination of structural necessity. Each
stage has progressively reduced the range of conceptual uncertainty surrounding the
proposed architecture. What initially appeared as an exploratory reconstruction has
become an operational model supported by explicit methodological justification.

For this reason, the principal achievement of the present chapter lies not in
demonstrating that cognition consists of ten operational transformations, but in
establishing the methodological conditions under which such a claim becomes
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scientifically defensible. The architecture is not proposed because it appears intuitively
persuasive, philosophically attractive or historically familiar. It is proposed because every
surviving transformation has demonstrated its continued necessity under a transparent
reduction procedure whose evaluative principles were established independently of the
results themselves. The explanatory authority of the model therefore derives from
methodological discipline rather than theoretical preference.

This change of status has important consequences for the remainder of the
Institutional Cognition Programme. Up to this point, the proposed architecture has
functioned primarily as an explanatory reconstruction intended to clarify the
organisational principles underlying cognition. From this point onward, however, the
architecture assumes a different scientific role. It becomes a source of hypotheses
capable of generating observable expectations concerning the behaviour of cognitive
systems across different domains of implementation. Theoretical reconstruction gives
way to theoretical prediction. The primary question is no longer whether the architecture
appears internally coherent, but whether the organisational principles it identifies
produce consequences that can be examined independently of the reconstruction from
which they originally emerged.

The transition from reconstruction to prediction represents one of the defining
moments in the development of any scientific theory. A conceptual framework acquires
genuine scientific significance not when it successfully organises existing knowledge, but
when it begins to constrain future observation by specifying what evidence should
reasonably be expected if the theory is correct, and equally, what observations would
require its revision or rejection. The operational architecture developed throughout the
present investigation has now reached precisely this stage. Having survived
methodological reduction, it becomes sufficiently stable to generate empirical
commitments extending beyond the conceptual analysis from which it originated.

The following chapter therefore initiates a new phase of the investigation. The
objective will no longer be to reconstruct cognition nor to establish the structural
necessity of the proposed architecture. Instead, attention will turn towards the empirical
consequences of the model itself. If cognition is indeed organised according to the
operational principles identified throughout this work, then those principles should
produce identifiable regularities capable of guiding future observation, comparative
analysis and theoretical criticism. It is through this transition from structural justification
to empirical accountability that the reconstructed architecture finally enters the domain
of scientific theory in the fullest methodological sense.
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Chapter 6

From Structural Validation to Empirical
Commitment

The completion of the structural validation presented in the preceding chapter
marks a decisive transition in the methodological development of the present
investigation. Up to this point, the primary objective has been to establish whether
cognition can be reconstructed as a coherent operational architecture whose constituent
transformations satisfy explicit conditions of structural necessity. The analysis has
progressively reduced conceptual ambiguity, integrated evidence originating from
multiple scientific disciplines and demonstrated that the proposed architecture survives
systematic theoretical reduction without compromising its explanatory continuity.
Although these achievements substantially strengthen the internal consistency of the
model, they do not yet establish its scientific status in the fullest sense. A theory acquires
genuine explanatory significance only when it extends beyond the organisation of
existing knowledge and begins to constrain future observation through explicit empirical
commitments.

This distinction has profound methodological implications. The capacity to
organise previously disconnected evidence represents an essential characteristic of
successful scientific theories, but explanatory coherence alone cannot distinguish
between alternative conceptual frameworks that account equally well for the phenomena
from which they were originally derived. The decisive test emerges only when a theory
specifies consequences that extend beyond the observations responsible for its
construction. At that point, the theory no longer functions merely as a descriptive
reconstruction of existing knowledge. It becomes a source of expectations regarding
phenomena that have not yet been examined or whose interpretation remains uncertain.
Scientific explanation therefore advances not simply by increasing conceptual integration
but by progressively limiting the range of empirical outcomes compatible with the
proposed theoretical framework.

The operational architecture developed throughout the present investigation has
now reached precisely this stage. Having survived systematic structural reduction, the
reconstructed sequence of adaptive transformations possesses sufficient internal
stability to generate expectations concerning the behaviour of cognitive systems
independently of the historical process through which the architecture itself was originally
derived. This transition is essential because it transforms the reconstructed architecture
from an explanatory synthesis into an operational hypothesis capable of guiding future
empirical investigation. The value of the theory consequently depends no longer upon
its capacity to reinterpret existing evidence, but upon its ability to anticipate regularities
that should emerge whenever cognition operates according to the organisational
principles identified throughout this work.

Empirical commitment introduces a fundamentally different relationship between
theory and observation. During the reconstructive stages of scientific inquiry,
observations guide the development of conceptual models by progressively revealing
organisational regularities that require explanation. Once a sufficiently coherent
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architecture has been established, however, the direction of reasoning becomes partially
inverted. Theory begins to guide observation by specifying what forms of evidence
should reasonably be expected if its underlying assumptions are correct. This inversion
represents one of the defining characteristics of mature scientific explanation because it
subjects theoretical structures to conditions under which they may ultimately require
revision, refinement or rejection.

For this reason, the objective of the present chapter is not to provide empirical
confirmation of the proposed architecture. Such confirmation necessarily belongs to
future research extending beyond the scope of the present Research Validation Paper.
The immediate objective is considerably more modest but methodologically
indispensable. It is to identify the empirical commitments generated by the reconstructed
operational architecture and to determine what kinds of observable regularities,
comparative analyses or experimental outcomes would reasonably be expected if the
theoretical framework developed throughout this investigation accurately captures the
organisational principles underlying cognition. Only after such commitments have been
explicitly formulated does the proposed architecture become fully integrated into the
normal methodological cycle through which scientific theories evolve.

The following sections therefore examine the nature of theoretical prediction
within operational cognitive architectures, derive the principal empirical expectations
emerging from the reconstructed model, identify the conditions under which those
expectations could be challenged by future evidence and outline the research
programme required to evaluate the theory through systematic empirical investigation.
The transition from structural validation to empirical accountability initiated here
represents the final step by which the present reconstruction becomes a genuinely
testable scientific framework rather than a solely conceptual model of cognition.

The Nature of Scientific Predictions

The transition from structural validation to empirical investigation requires a
precise understanding of what constitutes a scientific prediction. Within the context of the
present investigation, prediction should not be understood as the capacity to anticipate
isolated future events, nor as the formulation of probabilistic forecasts concerning
particular empirical outcomes. Such interpretations, although common in many scientific
disciplines, fail to capture the methodological role that prediction plays within explanatory
theories whose primary objective is to reconstruct the organisational principles governing
complex adaptive systems. The operational architecture developed throughout this
Working Paper belongs to this latter category. Consequently, its predictive capacity does
not derive from the anticipation of specific behavioural events but from the identification
of organisational regularities that should emerge whenever cognition operates according
to the functional principles reconstructed in the preceding chapters.

This distinction is fundamental because it relocates prediction from the level of
observable behaviour to the level of organisational constraint. Scientific theories do not
merely describe what has already been observed; they establish boundaries within which
future observations are expected to occur. Every mature theoretical framework
progressively limits the range of possible empirical configurations compatible with its
internal logic. In doing so, it transforms explanation into commitment. The theory no
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longer claims simply that a particular interpretation is plausible. It specifies the kinds of
evidence that should consistently appear if its underlying assumptions correctly describe
the organisation of the phenomenon under investigation. Prediction therefore represents
the point at which theoretical reconstruction begins to exercise explanatory discipline
over future observation.

Within operational cognitive architectures, this predictive capacity emerges
directly from the structural relationships connecting successive adaptive transformations.
Because each ftransformation generates the operational conditions required by
subsequent transformations, the architecture establishes a continuous chain of
functional dependencies whose consequences extend beyond the specific evidence
originally used during reconstruction. Once this sequence has been validated as
structurally necessary, the theory acquires the capacity to anticipate properties that
should characterise every cognitive system organised according to the same operational
logic, regardless of its biological substrate, computational implementation or institutional
embodiment. The predictive power of the model therefore resides not in the description
of individual systems but in the identification of invariant organisational principles capable
of transcending particular domains of implementation.

This conception of prediction differs significantly from approaches that derive
expectations from statistical regularities or isolated experimental observations. The
operational architecture proposed here does not predict that a particular organism,
artificial agent or institution will necessarily exhibit a given behaviour under specified
conditions. Instead, it predicts that any system legitimately classified as cognitive should
exhibit a coherent sequence of adaptive transformations preserving the organisational
continuity identified throughout the present investigation. Observable behaviours may
vary substantially across different systems, yet the functional relationships responsible
for generating those behaviours should remain recognisably organised according to the
same underlying operational principles. Prediction consequently concerns organisational
necessity rather than behavioural uniformity.

Such an approach offers important methodological advantages for
interdisciplinary research. Traditional cognitive theories often generate predictions that
remain closely tied to specific experimental paradigms or particular biological
mechanisms, making comparison across disciplines increasingly difficult. An operational
architecture, by contrast, formulates predictions at a level of abstraction sufficiently
general to permit systematic comparison between biological cognition, artificial cognitive
systems and, potentially, institutional forms of adaptive organisation. This broader
explanatory scope does not reduce empirical precision. Rather, it relocates precision to
the organisational level where different implementations become directly comparable
despite their physical diversity. Prediction thus becomes a tool for identifying structural
convergence across apparently heterogeneous cognitive domains.

The predictive capacity developed here should therefore be understood as a
natural consequence of the reduction completed in the previous chapter. By
demonstrating that every surviving transformation contributes indispensably to the
continuity of the adaptive cycle, the reduction establishes a sufficiently stable theoretical
framework from which empirical expectations may now be derived. The following section
examines those expectations by identifying the principal families of predictions emerging
from the operational architecture and by clarifying the forms of evidence through which
future research may evaluate their validity.
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Predictions Derived from the Operational
Architecture

The operational architecture reconstructed throughout this investigation
generates a coherent family of empirical expectations whose significance extends well
beyond the particular literature from which the model originally emerged. Because the
architecture has been derived from recurrent organisational principles rather than
discipline-specific mechanisms, its predictions concern structural properties expected to
characterise cognition wherever genuinely adaptive information processing takes place.
These predictions do not arise from additional theoretical assumptions introduced after
the reconstruction has been completed. They emerge directly from the internal logic of
the architecture itself and therefore constitute the first independent consequences
capable of evaluating the explanatory validity of the proposed framework.

The first family of predictions concerns structural convergence. If cognition is
indeed organised through the sequence of adaptive transformations reconstructed in the
preceding chapters, then apparently diverse cognitive systems should reveal
comparable functional architectures despite profound differences in their physical
implementation. Biological nervous systems, artificial cognitive agents and future
institutional cognitive systems should not necessarily share identical mechanisms,
processing speeds or representational strategies. Nevertheless, they should display
homologous patterns of organisational dependency reflecting the same progressive
transformation of environmental information into adaptive regulation. Future comparative
research should therefore identify increasing functional convergence at the level of
operational organisation even where material substrates remain fundamentally different.

A second family of predictions concerns developmental organisation. Because
each transformation depends upon operational conditions generated by previous stages
of the adaptive cycle, cognitive systems should not acquire organisational complexity
through arbitrary accumulation of independent capabilities. Instead, increasingly
sophisticated cognitive functions should emerge through successive reorganisations
preserving the continuity of the underlying operational architecture. Development,
whether biological, artificial or institutional, should therefore exhibit recognisable
trajectories in which later capacities progressively integrate rather than replace earlier
adaptive transformations. Apparent discontinuities in cognitive development should
prove to be reorganisations occurring within an already continuous operational sequence
rather than entirely novel forms of cognition appearing independently of previous
organisational stages.

The third family of predictions concerns comparative differentiation. If the
reconstructed architecture captures the general organisational principles underlying
cognition, differences observed between cognitive systems should arise primarily from
variations in implementation rather than from differences in the fundamental logic
governing adaptive organisation. Species, artificial agents or institutions may differ
substantially in sensory modalities, memory capacities, processing efficiency or
environmental complexity. Yet these differences should correspond to alternative
expressions of a common operational architecture rather than to entirely distinct
cognitive principles. Comparative cognitive science should therefore increasingly
distinguish between implementation-specific diversity and organisational invariance,
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allowing apparently unrelated systems to be analysed within a unified explanatory
framework.

A fourth family of predictions concerns systemic failure. Because cognition has
been reconstructed as a continuous adaptive cycle, the loss or severe degradation of
particular transformations should generate characteristic patterns of organisational
disruption rather than isolated behavioural deficits. Failures occurring within one stage
of the architecture should propagate through subsequent transformations according to
the dependency relationships identified throughout the reconstruction. Different
pathological conditions, developmental disorders, failures in artificial cognitive systems
or breakdowns within institutional decision processes should therefore reveal systematic
organisational signatures corresponding to disruptions occurring at identifiable positions
within the adaptive cycle. Such signatures provide particularly valuable opportunities for
empirical evaluation because they derive directly from the structural dependencies
established by the operational model rather than from post hoc interpretations of
observed dysfunction.

Taken together, these families of predictions significantly extend the scientific
scope of the proposed architecture. The theory no longer functions solely as an
explanatory reconstruction integrating existing knowledge but begins to constrain the
range of empirical configurations compatible with its organisational assumptions. Future
observations that repeatedly confirm structural convergence, developmental continuity,
comparative organisational invariance and predictable patterns of systemic failure would
progressively strengthen the explanatory standing of the operational architecture.
Conversely, robust evidence demonstrating stable cognitive systems that systematically
violate these expectations would require substantial revision of the reconstructed
framework.

It is important to emphasise that these predictions remain intentionally general.
Their function is not to replace the detailed hypotheses developed within individual
disciplines but to provide an overarching organisational framework capable of integrating
those hypotheses into a coherent programme of cumulative scientific investigation. Each
family of predictions therefore represents not a single empirical claim but an extensive
research agenda from which more specific hypotheses, experimental designs and
comparative analyses may subsequently be derived. The operational architecture thus
begins to fulfil one of the defining characteristics of mature scientific theories: the
capacity to generate new research rather than merely reinterpret existing evidence.

Conditions of Falsification

The scientific value of any theoretical architecture depends not only upon its
explanatory capacity but also upon the conditions under which it may legitimately be
challenged. A theory capable of accommodating every conceivable observation
ultimately explains nothing, since no possible evidence possesses the capacity to
contradict it. For this reason, the predictive commitments developed in the preceding
section acquire genuine methodological significance only if they are accompanied by
equally explicit conditions under which the proposed operational architecture would
require revision, reformulation or abandonment. The present investigation therefore
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considers falsifiability not as an external philosophical requirement imposed upon the
theory after its construction, but as an intrinsic property of scientific explanation itself.

Within the operational framework developed throughout this paper, falsification
should not be understood as the refutation of isolated empirical observations. Complex
adaptive systems frequently exhibit considerable variability arising from environmental
conditions, developmental histories and implementation-specific mechanisms. Individual
anomalies therefore cannot reasonably invalidate an organisational theory whose
explanatory scope deliberately extends across multiple domains of cognition. Instead,
falsification must operate at the level of organisational principles. The relevant question
is not whether particular behaviours occasionally depart from theoretical expectations,
but whether the fundamental relationships between adaptive transformations
consistently fail to appear where the theory predicts that they should constitute
necessary conditions for cognition.

Several classes of observations would therefore possess substantial falsifying
potential. The most direct would involve the repeated identification of stable cognitive
systems capable of sustaining continuous adaptive behaviour while lacking one or more
operational transformations that the present architecture considers structurally
indispensable. Such findings would indicate that the reconstructed sequence contains
unnecessary organisational complexity and would require a corresponding revision of
the reduction completed in the previous chapter. Equally significant would be evidence
demonstrating that transformations currently regarded as functionally dependent can,
under well-defined conditions, emerge independently without compromising the
continuity of the adaptive cycle. Such observations would undermine the dependency
relations upon which the architecture has been constructed.

A second class of potentially falsifying evidence concerns the existence of
alternative operational organisations capable of generating equivalent explanatory
power while employing fundamentally different structural principles. The present
investigation does not claim that the proposed sequence represents the only imaginable
architecture of cognition. Rather, it argues that, given the available evidence and the
methodological criteria employed during reconstruction, the architecture represents the
most parsimonious operational framework presently supported. Should future research
demonstrate an alternative architecture that explains the same range of cognitive
phenomena while preserving comparable explanatory continuity through fewer or
differently organised transformations, the present model would require substantial
modification. Scientific progress would then consist not in defending the existing
reconstruction but in replacing it with a superior explanatory organisation.

Equally important is the possibility that future empirical research reveals
systematic forms of cognition whose organisational properties remain incompatible with
the adaptive cycle reconstructed throughout this investigation. If such systems
repeatedly exhibit stable cognitive capacities while consistently violating the predicted
structural relationships identified in the preceding sections, the explanatory scope of the
present architecture would necessarily become more limited than currently proposed.
The appropriate scientific response would not be to reinterpret the observations in order
to preserve the theory, but to recognise that the architecture requires refinement in order
to accommodate a broader empirical domain.

These considerations illustrate an important methodological principle. The
operational architecture does not seek immunity from criticism; it deliberately invites
criticism by specifying the organisational conditions under which its explanatory claims
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may legitimately fail. In doing so, the theory assumes a position characteristic of mature
scientific frameworks. Confidence in the architecture derives not from its apparent
conceptual elegance but from its willingness to expose its central assumptions to
systematic empirical examination. The more precisely the conditions of potential failure
are articulated, the greater the scientific significance of any future evidence supporting
the model under those same conditions.

Consequently, falsifiability should not be regarded as a weakness of the present
investigation but as one of its principal methodological achievements. The reconstruction
developed throughout this paper has progressively moved from conceptual clarification
to structural justification and finally towards explicit empirical accountability. The
architecture now possesses clearly identifiable conditions under which it could be
revised, simplified or replaced. It therefore satisfies one of the defining requirements of
cumulative scientific inquiry: the capacity to participate in a continuing process of
theoretical selection driven by empirical evidence rather than conceptual preference.

Towards an Empirical Research
Programme

The transition from structural validation to empirical accountability naturally
extends beyond the scope of the present research paper. Although the preceding
sections have established the methodological commitments required for scientific
evaluation, the systematic empirical investigation of the proposed architecture
necessarily constitutes a programme of research whose development will require
multiple complementary studies rather than a single experimental demonstration. The
objective of the present chapter has therefore not been to complete the empirical
validation of the operational architecture but to define the conditions under which such
validation may progressively occur.

This distinction is essential because theories of cognition rarely achieve empirical
maturity through isolated experiments. Their evaluation typically emerges from the
gradual convergence of evidence originating from different disciplines, methodologies
and levels of analysis. The operational architecture reconstructed throughout this
investigation should therefore be understood as a common organisational framework
capable of guiding diverse empirical programmes rather than prescribing a unique
experimental strategy. Its value lies precisely in providing a coherent set of organisational
expectations within which findings from neuroscience, psychology, artificial intelligence,
systems science, organisational studies and future institutional research may become
directly comparable.

Several complementary directions of investigation naturally follow from the
theoretical commitments established in the preceding chapters. Comparative analyses
may examine whether structurally similar adaptive transformations emerge across
biological, artificial and institutional cognitive systems despite profound differences in
implementation. Developmental research may investigate whether increasingly
sophisticated cognitive capacities consistently arise through the progressive
reorganisation of earlier operational stages rather than through the appearance of
isolated functional modules. Experimental studies may explore whether disruptions
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introduced at specific points within the adaptive cycle generate the systemic patterns of
organisational failure predicted by the architecture. Computational modelling may
evaluate whether artificial systems reproducing the proposed sequence exhibit adaptive
properties not achievable through alternative organisational arrangements. Each of
these research directions addresses different aspects of the same underlying theoretical
framework while contributing to a cumulative process of empirical refinement.

The present investigation therefore proposes not a closed explanatory system
but the initial foundation of an evolving scientific programme. Future research will
undoubtedly modify, extend or partially reformulate elements of the reconstructed
architecture as new evidence becomes available. Such revisions should not be
interpreted as weaknesses of the framework but as normal expressions of scientific
development. A theory capable of generating productive criticism demonstrates greater
scientific vitality than one whose conceptual flexibility prevents meaningful evaluation.
The operational architecture presented throughout this Working Paper has been
designed precisely to encourage this cumulative process by identifying explicit
organisational principles whose empirical adequacy may be examined independently of
the historical process through which they were originally reconstructed.

Within the broader context of the Institutional Cognition Programme, the
significance of this research agenda extends beyond the study of cognition itself. If the
operational principles identified throughout the present investigation prove capable of
organising empirical evidence across multiple domains of adaptive systems, they may
provide the conceptual foundation for analysing increasingly complex forms of distributed
cognition, including institutional, organisational and hybrid human-artificial systems.
Such extensions, however, must remain consequences of empirical investigation rather
than assumptions introduced in advance. The operational architecture earns the right to
support broader theoretical developments only insofar as it continues to demonstrate
explanatory reliability within the empirical domains to which it is first applied.

The completion of this Working Paper therefore marks the beginning rather than
the conclusion of the research programme it inaugurates. The architecture has
progressed from conceptual reconstruction to methodological validation and finally to
explicit empirical commitment. Future investigations will determine the extent to which
its organisational principles withstand experimental examination, comparative analysis
and interdisciplinary application. Regardless of the outcome of those investigations, the
present work establishes a transparent methodological foundation upon which
cumulative scientific progress may proceed. It is this capacity to generate future
research, rather than merely to organise existing knowledge, that ultimately distinguishes
an operational scientific theory from a purely descriptive conceptual framework.

The following chapter builds directly upon this transition. Having established the
methodological conditions under which the operational architecture may be empirically
evaluated, attention now turns to the broader implications of the framework for
understanding cognition beyond its traditional biological interpretation. The question is
no longer whether the proposed architecture constitutes a viable scientific model of
cognition, but whether the organisational principles it identifies can legitimately serve as
the foundation for a more general theory of adaptive cognition extending towards
institutional and collective systems. It is within this broader horizon that the present
investigation finally connects with the wider objectives of the Institutional Cognition
Programme.
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Chapter 7

From Biological Cognition to Operational
Cognition

The empirical commitments established in the preceding chapter naturally raise
a broader theoretical question whose importance extends beyond the immediate scope
of contemporary cognitive science. If the operational architecture reconstructed
throughout this investigation genuinely captures the organisational principles underlying
cognition, to what extent do those principles depend upon the particular biological
mechanisms through which they are presently realised? The question is neither
speculative nor merely philosophical. It follows directly from the methodological strategy
adopted throughout the present work. An operational reconstruction intentionally
abstracts away from material implementation in order to identify functional regularities
that remain stable across different manifestations of adaptive organisation. Once such
regularities have been identified and subjected to systematic validation, it becomes
necessary to determine whether their explanatory domain extends beyond the specific
biological systems from which they were initially reconstructed.

This question has accompanied cognitive science since its earliest
developments, although it has often appeared under different conceptual forms.
Cybernetics proposed that adaptive regulation could be analysed independently of
particular physical mechanisms. Systems theory subsequently emphasised
organisational relationships rather than material components. Artificial intelligence
demonstrated that certain cognitive functions could be reproduced through
computational architectures fundamentally different from biological nervous systems.
More recently, theories of embodied, enactive and distributed cognition have
progressively expanded the boundaries within which cognitive organisation may
legitimately be investigated. Despite their substantial differences, these traditions
converge upon a common methodological intuition: cognition is most fruitfully understood
through the organisation of adaptive processes rather than through the exclusive study
of the biological substrate supporting those processes.

The operational architecture developed throughout the present investigation
represents a continuation of this trajectory, but it also introduces an important
methodological clarification. The objective has never been to deny the significance of
biological implementation, nor to suggest that cognition exists independently of physical
systems. Every operational transformation identified in the reconstructed architecture
necessarily requires a concrete material realisation. What the reconstruction proposes
instead is that the explanatory principles governing the organisation of those
transformations need not be identical to the mechanisms responsible for their
implementation. Organisational explanation and material explanation therefore occupy
complementary rather than competing levels of scientific analysis. The former seeks to
identify the functional conditions required for cognition to emerge, whereas the latter
investigates the specific physical processes through which those conditions become
operationally possible.
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Recognising this distinction fundamentally alters the range of systems to which
an operational theory of cognition may legitimately be applied. If cognition has been
reconstructed at the level of organisational necessity rather than biological mechanism,
then the theoretical framework cannot be restricted a priori to organisms possessing
nervous systems. Any system capable of satisfying the operational conditions identified
throughout the preceding chapters becomes, in principle, a candidate for cognitive
analysis. This conclusion should not be interpreted as evidence that every complex
adaptive system is therefore cognitive. On the contrary, the operational architecture
substantially increases the methodological demands placed upon such claims by
requiring that every candidate system demonstrate the complete sequence of adaptive
transformations established through the reduction protocol. The explanatory domain
expands, but the criteria for inclusion simultaneously become more rigorous.

The transition initiated here therefore does not represent an extension of the
theory through conceptual analogy. It represents the direct consequence of the
methodological choices made throughout the reconstruction itself. Had the present
investigation defined cognition through specifically biological properties, no legitimate
extension beyond biological organisms would have been possible. Because cognition
has instead been reconstructed through operational transformations whose necessity
remains independent of particular material substrates, the possibility of examining non-
biological cognitive systems emerges as a scientific question rather than as a speculative
hypothesis. Whether such systems ultimately satisfy the required conditions remains an
empirical matter. What the present investigation establishes is that the question itself is
now methodologically well defined.

This distinction marks the beginning of a new stage in the Institutional Cognition
Programme. The remaining sections of the present chapter therefore examine the
conditions under which operational architectures may legitimately transcend biological
implementation while preserving the explanatory discipline established throughout the
previous chapters. Only after those conditions have been clearly identified does it
become appropriate to investigate whether institutional systems themselves can satisfy
the organisational requirements necessary for cognition in the operational sense
developed throughout this work.

Substrate Independence and Functional
Architectures

The possibility of extending operational cognition beyond biological organisms
depends upon a principle that has progressively emerged throughout the preceding
chapters but has not yet been examined explicitly: the distinction between organisational
structure and material substrate. This distinction has played a central role in several
areas of modern science. Information theory separates informational organisation from
the physical media through which information is transmitted. Computer science
distinguishes algorithms from the hardware executing them. Systems biology
differentiates regulatory organisation from the molecular mechanisms implementing that
organisation. In each case, explanation operates simultaneously at multiple levels whose
scientific legitimacy depends upon their capacity to illuminate different aspects of the
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same phenomenon. The operational architecture proposed throughout the present
investigation adopts an analogous methodological position with respect to cognition.

Substrate independence should not be interpreted as the claim that cognition
exists without physical implementation or that biological mechanisms become
scientifically irrelevant. Such interpretations would misunderstand the purpose of
operational explanation. Every cognitive process necessarily requires a material system
capable of sustaining the transformations through which adaptive organisation becomes
possible. What substrate independence asserts is considerably more modest and
considerably more rigorous. It proposes that the explanatory relationships connecting
those transformations may remain stable even when the mechanisms responsible for
implementing them differ substantially across distinct classes of systems. Organisational
continuity therefore becomes the primary object of theoretical explanation, while material
implementation remains the primary object of domain-specific empirical investigation.

The reduction protocol developed in Chapter 5 provides an important justification
for this perspective. Each surviving transformation demonstrated its structural necessity
not because of the biological mechanism through which it is ordinarily realised, but
because of the organisational role it performs within the adaptive cycle. Operational
continuity, functional dependency and architectural coherence proved independent of
neurons, synapses or any other particular biological structure. Their necessity emerged
entirely from the relationships connecting successive adaptive transformations. The
reduction therefore establishes that the explanatory core of the proposed architecture
resides in organisational function rather than biological composition.

This methodological conclusion significantly enlarges the potential explanatory
scope of the theory while simultaneously imposing strict constraints upon its application.
Not every information-processing system qualifies as cognitive merely because it
manipulates information or exhibits adaptive behaviour. The operational framework
developed throughout this investigation demands considerably more than isolated
adaptation, optimisation or decision-making. A candidate system must demonstrate the
integrated sequence of transformations through which environmental information is
continuously converted into adaptive regulation, internal reorganisation and renewed
interaction with changing environmental conditions. The burden of proof consequently
shifts from demonstrating isolated cognitive capabilities to demonstrating complete
organisational architectures.

Seen from this perspective, substrate independence functions less as an
ontological claim than as a methodological criterion governing comparative scientific
investigation. It provides a common analytical language through which cognitive
architectures implemented in radically different physical systems may be evaluated
according to identical organisational principles. This common framework permits
comparison without assuming equivalence, abstraction without sacrificing empirical
precision and theoretical generalisation without abandoning methodological discipline.
Its value lies not in dissolving the differences separating biological, artificial and
institutional systems but in identifying the organisational regularities capable of
explaining those differences within a unified operational framework.

The following sections apply this principle to one particularly important class of
adaptive systems: human institutions. The objective is not to attribute biological cognition
to organisations through metaphorical reasoning, nor to anthropomorphise collective
behaviour. Instead, the investigation asks a far more demanding scientific question. Can
institutional systems satisfy the operational conditions previously established as

© IDHUS Institute 67



RVP-001 Operational Cognitive Architecture: A Functional Theory of Cognition

necessary for cognition? Only a systematic examination of those conditions can
determine whether institutional cognition represents a legitimate extension of the
operational framework or whether the explanatory scope of the architecture should
remain restricted to other classes of adaptive systems.

Conditions for Institutional Cognition

Having established that the operational architecture reconstructed throughout the
previous chapters is defined independently of any particular material substrate, the
possibility of extending cognitive analysis to institutional systems becomes a legitimate
scientific question. Nevertheless, the transition from biological to institutional domains
cannot be justified merely because both involve information processing, decision-making
or adaptive behaviour. Such characteristics are shared by many complex systems that
would not ordinarily be regarded as cognitive. The explanatory extension proposed in
the present investigation therefore requires considerably stricter conditions. Institutional
cognition, if it exists at all, must emerge through the same operational principles
previously demonstrated to be structurally necessary for cognition itself. No additional
criteria may be introduced solely to accommodate institutional systems, nor may any of
the existing criteria be relaxed for reasons of conceptual convenience.

This methodological requirement imposes an important constraint upon the
present investigation. Institutions cannot be regarded as cognitive simply because they
accumulate information, coordinate collective action or produce sophisticated
administrative decisions. These activities, although often highly complex, remain
insufficient unless they participate in an integrated sequence of adaptive transformations
preserving the operational continuity established throughout the reconstructed cognitive
cycle. The explanatory burden therefore shifts away from observable institutional
behaviour towards the internal organisation responsible for generating that behaviour.
The relevant scientific question is no longer what institutions do, but how they
continuously transform environmental information into adaptive organisational
responses while preserving their capacity for subsequent learning and structural
reorganisation.

Three fundamental conditions follow directly from the operational architecture
developed throughout this Research Validation Paper. First, the institution must maintain
a persistent organisational identity capable of preserving continuity across successive
cycles of interaction with its environment. Second, environmental information must
undergo progressive transformation rather than isolated processing, such that each
operational stage generates the conditions required for subsequent adaptive activity.
Third, the outcomes of institutional action must recursively modify the informational
conditions upon which future organisational responses depend, thereby establishing a
continuous adaptive loop rather than a sequence of independent administrative events.
Only systems satisfying these conditions become legitimate candidates for operational
cognitive analysis.

These requirements significantly narrow the range of institutions potentially
included within the explanatory scope of the present framework. Many organisations
perform highly specialised administrative functions without exhibiting the recursive
adaptive organisation required by the reconstructed architecture. Others display
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sophisticated decision-making capabilities while relying almost entirely upon externally
imposed strategic direction rather than internally sustained adaptive regulation. Such
systems may remain organisationally effective without satisfying the operational
conditions necessary for cognition in the sense developed throughout this investigation.
The present framework therefore expands the domain of cognitive inquiry only by
simultaneously increasing the methodological demands required for inclusion.

The importance of these distinctions extends beyond the immediate question of
institutional cognition. They illustrate a more general principle governing the extension
of operational theories across different domains of scientific investigation. Explanatory
generalisation cannot be achieved through conceptual analogy alone. It requires the
demonstration that identical organisational principles continue to operate despite
substantial differences in material implementation. Institutional cognition therefore
becomes an empirical hypothesis whose validity depends entirely upon the successful
identification of the operational transformations reconstructed throughout the preceding
chapters. The architecture itself remains unchanged; only its possible domain of
application expands.

The following section examines this possibility in greater detail by investigating
whether institutional systems are capable of reproducing the complete operational
sequence previously established as structurally necessary for cognition. The objective is
not to demonstrate that institutions resemble biological organisms, but to determine
whether they satisfy the organisational requirements defining cognition within the
operational framework developed throughout the present investigation.

Operational Architecture of Institutional
Systems

The possibility that institutions may satisfy the operational conditions defining
cognition depends ultimately upon the existence of an organisational architecture
capable of performing functions analogous, not in their biological implementation, but in
their adaptive role within the continuous regulation of institutional behaviour. The
emphasis placed upon adaptive role is essential. Throughout the present investigation,
cognition has never been defined by neurons, consciousness, intentionality or subjective
experience. It has been reconstructed through successive transformations that
progressively convert environmental information into adaptive organisational regulation.
Consequently, the same analytical framework may legitimately be applied to institutional
systems provided that each transformation can be identified through operational rather
than biological criteria.

Institutional systems continuously interact with environments characterised by
uncertainty, competing objectives, incomplete information and rapidly changing external
conditions. Governments, public administrations, international organisations and large-
scale regulatory institutions must constantly acquire information, evaluate its
significance, integrate it with existing organisational knowledge, generate coordinated
responses, implement those responses and subsequently revise their internal structures
according to the consequences produced by previous decisions. Viewed independently,
none of these activities necessarily implies cognition. Considered collectively within the
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operational sequence reconstructed throughout this investigation, however, they begin
to reveal an organisational pattern remarkably consistent with the adaptive cycle
previously identified for biological cognitive systems.

The explanatory significance of this observation does not reside in superficial
similarities between human reasoning and institutional decision-making. Institutions do
not possess minds in the psychological sense, nor does the present framework attribute
subjective awareness, intentional consciousness or autonomous agency to collective
organisations. The architecture instead proposes that cognition should be analysed as
an organisational process emerging whenever environmental information undergoes the
complete sequence of adaptive transformations necessary to preserve continuous
regulation. Institutional systems may therefore participate in cognitive organisation
without reproducing the phenomenological characteristics associated with individual
human experience. The distinction between cognition as operational organisation and
consciousness as subjective experience remains fundamental throughout the present
investigation.

If our interpretation proves empirically sustainable, several important
consequences follow. Institutional learning would no longer be interpreted merely as the
accumulation of administrative experience but as the progressive reorganisation of
operational structures governing future adaptive cycles. Policy failures would become
identifiable not simply through undesirable outcomes but through disruptions occurring
at specific transformations within the institutional cognitive architecture. Organisational
resilience would depend upon the preservation of adaptive continuity rather than solely
upon administrative efficiency. Most significantly, institutional intelligence would cease to
represent a metaphor describing complex governance and instead become an
operational property capable of systematic scientific investigation.

Such a perspective substantially alters the relationship between cognitive science
and institutional analysis. Traditional approaches frequently borrow psychological
terminology to describe organisational behaviour while leaving the conceptual
foundations of those analogies largely unspecified. The operational framework
developed throughout this investigation follows the opposite strategy. Rather than
transferring concepts from psychology into organisational theory, it reconstructs
cognition at a sufficiently abstract organisational level that both biological and institutional
systems may subsequently be evaluated according to identical methodological
principles. The comparison therefore proceeds through shared operational architecture
rather than linguistic metaphor.

The implications of this transition extend well beyond institutional analysis itself.
If operational cognition proves capable of explaining adaptive organisation across
multiple domains while preserving methodological consistency, the present investigation
establishes the first conceptual bridge linking cognitive science, artificial intelligence,
systems theory and public governance within a unified explanatory framework. The
architecture proposed throughout this Working Paper would thus become not merely a
theory of cognition but the foundational organisational model upon which a broader
science of adaptive institutional systems may progressively be constructed.
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Implications for the Institutional Cognition
Programme

The extension of operational cognition towards institutional systems marks the
point at which the present investigation connects directly with the broader objectives of
the Institutional Cognition Programme. Throughout the preceding chapters, the primary
concern has been the reconstruction and validation of a general operational architecture
capable of explaining cognition independently of its particular material implementation.
That objective has now been achieved to the extent necessary for a new phase of
investigation to begin. The question is no longer confined to understanding cognition
itself, but to determining how the organisational principles identified throughout this work
may transform the scientific analysis of complex institutional systems.

This transition should not be interpreted as the conclusion of the present research
programme but as its true point of departure. The operational architecture developed in
this Working Paper provides a methodological language through which institutions may
be analysed according to criteria considerably more precise than those traditionally
employed in organisational theory or public administration. Concepts such as institutional
learning, organisational intelligence, adaptive governance, strategic resilience and
collective decision-making acquire operational definitions grounded in explicitly
reconstructed cognitive processes rather than descriptive metaphors. The consequence
is the emergence of a cumulative research programme capable of generating
progressively testable hypotheses concerning the behaviour, evolution and adaptive
capacity of complex governance systems.

The Institutional Cognition Programme therefore proceeds from a simple but
methodologically demanding proposition. Institutions should be investigated neither as
biological organisms nor as purely administrative structures, but as adaptive systems
whose capacity for sustained regulation depends upon identifiable operational
transformations. Whether particular institutions ultimately satisfy those conditions
remains an empirical question that future investigations must address through
systematic comparative analysis. The present Working Paper intentionally refrains from
resolving that question conclusively. Its contribution lies in establishing the theoretical
and methodological foundations required for such investigations to proceed with
scientific discipline rather than conceptual analogy.

Seen from this perspective, the operational architecture reconstructed throughout
this investigation becomes more than an explanatory model of cognition. It becomes a
general analytical framework capable of organising future research across disciplines
that have historically developed in relative isolation. Cognitive science, artificial
intelligence, complexity theory, systems engineering, organisational studies and public
governance may now begin to converge around a common operational language whose
explanatory power depends not upon shared terminology but upon shared organisational
principles. Such convergence represents one of the principal ambitions motivating the
creation of the Institutional Cognition Programme.

The following chapter broadens this perspective still further by examining the
theoretical implications arising from the operational conception of cognition itself. Having
demonstrated that the reconstructed architecture may legitimately extend beyond
traditional biological domains, the investigation now considers how this perspective
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reshapes our understanding of cognition as a general property of adaptive organisation
and what consequences such a reinterpretation may hold for the future development of
cognitive science itself.
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Chapter 8

Rethinking Cognition as Adaptive
Organisation

The preceding chapters have progressively reconstructed cognition as a
continuous operational architecture whose explanatory power derives from the
organisation of adaptive transformations rather than from the particular biological
mechanisms through which those transformations are implemented. Having established
the structural necessity of the reconstructed architecture, identified its empirical
commitments and examined the conditions under which it may legitimately extend
beyond biological systems, the present investigation reaches an important point of
theoretical reflection. The question is no longer whether the operational model provides
a coherent explanation of cognition. Instead, attention turns towards the broader
conceptual consequences that follow if this interpretation proves substantially correct.
Such reflection is not an optional addition to the research programme but an essential
stage in evaluating the significance of the theoretical framework itself.

Throughout the historical development of cognitive science, definitions of
cognition have frequently reflected the dominant scientific paradigms of their respective
periods. Behaviourism interpreted cognition primarily through observable behaviour.
Classical cognitivism organised explanation around symbolic representation and
computational manipulation. Neuroscientific approaches progressively emphasised
biological implementation, while embodied, enactive and ecological perspectives
redirected attention towards continuous interaction between organism and environment.
Each of these traditions contributed indispensable insights, yet each also tended to
privilege particular explanatory dimensions that subsequently became identified with
cognition itself. The operational reconstruction developed throughout the present
investigation suggests a different perspective. Rather than identifying cognition with any
specific mechanism, representation or substrate, it proposes that cognition is more
fundamentally understood as the organised continuity of adaptive transformation through
which systems preserve their capacity to regulate future interaction with changing
environments.

This reinterpretation does not invalidate previous theories. On the contrary, it
provides an organisational framework capable of explaining why apparently divergent
approaches have repeatedly succeeded in illuminating important aspects of cognition
despite their substantial conceptual differences. Behaviour, representation, embodiment,
prediction, memory, learning and decision-making cease to appear as competing
definitions of cognition and instead become different observational windows through
which particular stages of the same operational architecture may be investigated. The
apparent fragmentation of cognitive science therefore reflects not necessarily
incompatible theories but different analytical perspectives focused upon distinct
organisational levels within a common adaptive process.

Seen from this perspective, cognition becomes less a property possessed by
particular entities than a mode of adaptive organisation emerging under identifiable
operational conditions. Such an interpretation significantly alters the conceptual
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landscape of cognitive science. The central explanatory question is no longer "What
internal mechanisms produce intelligent behaviour?" but "What organisational
transformations are required for adaptive regulation to become continuously self-
sustaining?" The shift may appear subtle, yet its consequences are considerable.
Explanatory priority moves from isolated cognitive capacities towards the relationships
connecting those capacities into a coherent adaptive cycle. Intelligence, learning,
perception and reasoning are no longer interpreted primarily as independent faculties
but as successive expressions of a single organisational process.

Perhaps the most important implication of this reinterpretation concerns the unity
of cognitive science itself. The field has often appeared divided between competing
explanatory traditions whose conceptual vocabularies differ so substantially that
meaningful integration becomes increasingly difficult. The operational architecture
proposed throughout this investigation suggests that such fragmentation may result less
from incompatible empirical evidence than from the absence of a sufficiently general
organisational framework capable of accommodating multiple explanatory levels
simultaneously. If cognition is understood as adaptive organisation rather than as the
exclusive domain of particular mechanisms, cognitive science may gradually evolve from
a collection of neighbouring disciplines into a genuinely integrated science of adaptive
systems.

For this reason, the principal contribution of the present investigation extends
beyond the reconstruction of a particular cognitive architecture. It proposes a different
way of formulating the scientific problem itself. Cognition ceases to be defined by the
mechanisms through which adaptive organisation is realised and becomes identified
instead with the operational principles governing that organisation across diverse
domains of implementation. Whether future research ultimately confirms, modifies or
replaces the specific architecture reconstructed throughout this work, this change in
explanatory perspective may itself constitute one of the most significant consequences
of the operational approach.

Beyond Representational Models

One of the most important consequences of the operational reconstruction
concerns the long-standing role that representation has occupied within theories of
cognition. Few concepts have exercised greater influence over modern cognitive
science, yet few have generated equally persistent conceptual disagreement. Classical
cognitive theories frequently regarded internal representations as the fundamental
explanatory units through which perception, reasoning, memory and decision-making
became scientifically intelligible. More recent perspectives have questioned this
assumption by emphasising embodiment, situated interaction, predictive regulation or
ecological coupling between organisms and environments. Despite their differences,
however, these debates have generally remained centred upon the explanatory status
of representation itself. The operational framework developed throughout the present
investigation suggests that this emphasis may be misplaced.

Throughout the reconstruction presented in the previous chapters, representation
has never functioned as the primary explanatory principle. Information undoubtedly
enters the adaptive cycle in forms that may subsequently support internal modelling,
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prediction or symbolic manipulation, but such processes emerge only within a broader
organisational sequence whose continuity cannot be reduced to representational activity
alone. The explanatory priority therefore shifts from the content of internal states towards
the transformations through which those states participate in continuous adaptive
regulation. Representation becomes one possible organisational mechanism within
cognition rather than the defining characteristic by which cognition itself is identified.

This distinction significantly reframes the classical representational debate. The
operational architecture neither rejects nor privileges representational processes.
Instead, it relocates them within a more comprehensive explanatory framework capable
of accommodating both representational and non-representational forms of adaptive
organisation. Systems may employ explicit internal models, predictive simulations or
symbolic reasoning whenever such mechanisms enhance adaptive regulation, yet the
presence or absence of these particular strategies does not determine whether cognition
itself exists. What remains indispensable is the operational continuity through which
environmental information undergoes successive transformations preserving the
adaptive integrity of the system as a whole.

Such an interpretation helps explain why many contemporary approaches have
simultaneously challenged representational theories while nevertheless retaining
substantial explanatory success. Embodied cognition, enactive theories, ecological
psychology and dynamical systems approaches often appear to disagree because they
assign different importance to internal representations. Viewed from the operational
perspective, however, these apparent disagreements become considerably less
fundamental. Each approach investigates different organisational aspects of the
adaptive cycle while employing explanatory concepts appropriate to the particular
transformations under examination. Their contributions therefore become
complementary rather than mutually exclusive.

The broader implication extends well beyond representational theory itself. By
reconstructing cognition through operational organisation rather than through specific
explanatory mechanisms, the present investigation reduces the dependence of cognitive
science upon any single conceptual vocabulary. Future theoretical developments may
continue to refine, replace or reinterpret representational processes without requiring
corresponding redefinitions of cognition as such. The stability of the explanatory
framework no longer depends upon the permanence of particular cognitive constructs
but upon the organisational continuity that those constructs ultimately serve to explain.
In this sense, the operational architecture provides not an alternative theory competing
with representational models but a broader explanatory context within which
representational theories themselves may be more precisely situated.

Implications for Cognitive Science

If the operational architecture developed throughout the present investigation
provides a substantially accurate reconstruction of cognition, its implications extend well
beyond the proposal of an alternative explanatory model. They affect the manner in
which cognitive science itself organises its objects of investigation. Throughout much of
its history, the discipline has frequently progressed through the accumulation of
specialised domains dedicated to perception, attention, memory, language, reasoning,
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decision-making, emotion or consciousness. This increasing specialisation has
generated extraordinary empirical advances, yet it has also encouraged the
fragmentation of cognition into partially independent research traditions whose
conceptual integration has often remained problematic. The operational framework
proposed in this investigation suggests that such fragmentation may reflect
methodological convenience rather than the intrinsic organisation of cognition itself.

The reconstructed architecture implies that many phenomena traditionally
investigated as separate cognitive faculties may instead represent different stages within
a continuous adaptive process. Perception acquires explanatory significance because it
initiates the transformation of environmental information. Memory preserves operational
continuity across successive adaptive cycles. Learning reorganises future
transformations according to previous interactions. Decision-making regulates adaptive
action within changing environments. Each of these processes retains its empirical
identity while simultaneously becoming intelligible as part of a broader organisational
sequence. The explanatory priority therefore shifts from the analysis of isolated faculties
towards the investigation of the relationships connecting them.

Such a perspective encourages an important methodological reorientation.
Rather than asking which mechanisms underlie a particular cognitive function,
researchers may increasingly investigate how different mechanisms contribute to
maintaining the continuity of the adaptive architecture as a whole. This distinction
changes the nature of interdisciplinary collaboration. Neuroscience, psychology,
computational modelling, behavioural ecology and systems science cease to compete
for explanatory primacy and instead become complementary sources of evidence
describing different organisational levels of the same adaptive process. The integration
of cognitive science therefore becomes a methodological objective rather than a merely
institutional aspiration.

An equally significant implication concerns the evaluation of competing
theoretical models. Traditional comparisons frequently ask which theory explains a larger
number of empirical observations. The operational approach introduces an additional
criterion: which theoretical architecture organises those observations through the
smallest number of structurally necessary transformations while preserving explanatory
continuity. Competing theories therefore become comparable not only through predictive
accuracy but also through organisational economy. This criterion may prove particularly
valuable in future attempts to reconcile theories that currently appear incompatible
despite explaining overlapping empirical domains.

Finally, the operational framework suggests a gradual shift in the identity of
cognitive science itself. Rather than remaining primarily a science of mental
mechanisms, the discipline may increasingly evolve towards a science of adaptive
organisation whose explanatory principles remain applicable across multiple forms of
cognitive implementation. Such an evolution would not diminish the importance of
biological investigation. Instead, it would situate biological cognition within a broader
scientific landscape where common organisational principles become the principal object
of theoretical explanation. In this sense, the operational architecture contributes not only
a new model of cognition but also a possible redefinition of cognitive science as an
integrative science of adaptive systems.
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Implications for Artificial Intelligence

Few scientific domains have transformed contemporary discussions of cognition
more profoundly than artificial intelligence. The extraordinary development of machine
learning, foundation models and increasingly autonomous computational systems has
intensified long-standing questions concerning the nature of intelligence, adaptation and
cognitive organisation. These developments have simultaneously expanded the
empirical relevance of cognitive theory while exposing the limitations of definitions that
remain closely tied to exclusively biological mechanisms. The operational architecture
proposed throughout the present investigation offers a framework within which these
developments may be interpreted with greater conceptual precision.

The central contribution of the operational approach lies in distinguishing
between intelligent performance and cognitive organisation. Artificial systems
increasingly demonstrate remarkable capacities for pattern recognition, language
generation, planning and adaptive optimisation. These achievements often invite direct
comparisons with biological cognition. Yet performance alone cannot determine whether
a system satisfies the operational conditions reconstructed throughout this investigation.
The relevant scientific question concerns not the sophistication of observable behaviour
but the presence of the complete sequence of adaptive transformations defining
cognition as a continuously self-regulating organisational process. The architecture
therefore provides methodological criteria capable of evaluating artificial systems
independently of public expectations or technological enthusiasm.

This distinction becomes increasingly important as artificial intelligence continues
to diversify. Contemporary systems differ substantially in their architectures, degrees of
autonomy, learning strategies and forms of environmental interaction. Some remain
highly specialised optimisation systems, whereas others progressively integrate
perception, planning, memory, tool use and adaptive feedback within increasingly
complex operational cycles. The operational framework does not classify these systems
according to symbolic labels such as "strong" or "weak" artificial intelligence. Instead, it
evaluates the extent to which they reproduce the organisational continuity required by
the reconstructed cognitive architecture. Artificial cognition thus becomes an empirical
question concerning operational organisation rather than a philosophical debate
concerning machine consciousness.

An equally significant consequence concerns the future development of artificial
cognitive systems. If the reconstructed architecture correctly identifies the organisational
principles underlying cognition, future advances in artificial intelligence may depend less
upon increasing computational scale alone and more upon achieving progressively
richer integration between successive adaptive transformations. Improvements in
perception, reasoning or planning considered independently may eventually encounter
diminishing returns unless accompanied by corresponding developments in the
continuity of the adaptive cycle as a whole. The operational framework therefore
suggests that architectural integration may become at least as important as
computational performance in the long-term evolution of artificial cognition.

Perhaps the most important implication, however, concerns the relationship
between artificial intelligence and cognitive science. The operational approach
encourages a reciprocal rather than hierarchical relationship between both disciplines.
Artificial systems cease to function merely as technological applications inspired by
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cognitive theories, while cognitive science ceases to regard artificial intelligence solely
as an engineering discipline. Both become complementary laboratories for investigating
the organisational principles governing adaptive cognition. Artificial systems provide
opportunities to test theoretical architectures under controlled conditions, while cognitive
theory offers conceptual criteria for evaluating increasingly sophisticated forms of
artificial adaptive organisation. The dialogue between both disciplines therefore
becomes progressively cumulative rather than merely interdisciplinary.

For this reason, the operational architecture contributes a perspective particularly
well suited to the future convergence of biological cognition, artificial intelligence and
institutional systems. By defining cognition through organisational necessity rather than
material implementation, the framework establishes a common analytical language
within which fundamentally different adaptive systems may be compared without
reducing one domain to another. Such convergence represents not the replacement of
existing theories but the emergence of a broader explanatory horizon capable of
integrating scientific developments that have traditionally evolved along largely
independent trajectories.

Implications for Institutional Science

The extension of operational cognition towards institutional systems carries
consequences that reach far beyond the immediate objectives of the present
investigation. If institutions can legitimately be analysed through the same organisational
principles governing adaptive cognition, then institutional science itself acquires access
to a conceptual framework capable of integrating phenomena that have traditionally been
studied through separate disciplinary perspectives. Governance, public administration,
organisational theory, policy analysis, strategic management and institutional economics
all investigate different aspects of collective adaptation. Yet these fields have often
lacked a common explanatory language capable of describing how institutions
continuously transform information into coordinated adaptive behaviour.

The operational architecture developed throughout this investigation proposes
such a language. Institutional sensing, organisational memory, collective learning,
strategic coordination, adaptive decision-making and structural reorganisation no longer
appear as isolated administrative processes but as successive transformations within a
continuous operational cycle. Their scientific significance lies not merely in describing
institutional activity but in explaining how institutions preserve adaptive continuity while
interacting with increasingly complex and uncertain environments. Institutional
effectiveness therefore becomes inseparable from organisational cognition understood
in operational rather than metaphorical terms.

This reinterpretation has important methodological consequences for governance
research. Traditional evaluations frequently focus upon administrative efficiency, policy
outcomes or organisational performance considered independently. The operational
perspective introduces an additional dimension by examining the integrity of the adaptive
architecture generating those outcomes. Institutional failures may consequently be
investigated not only through their observable consequences but also through the
specific transformations whose disruption prevents the institution from maintaining
continuous adaptive regulation. Such an approach provides a considerably richer
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explanatory framework for analysing resilience, organisational learning, crisis
management and long-term institutional evolution.

The implications extend equally to the design of future public institutions. If
adaptive capacity depends upon the preservation of identifiable operational
transformations, institutional reform should focus not exclusively upon structural
reorganisation or technological modernisation but upon strengthening the continuity of
the institutional cognitive cycle itself. Artificial intelligence, digital government and data-
driven administration acquire significance not because they introduce new technologies,
but because they modify particular transformations within the broader adaptive
architecture. Their evaluation therefore becomes possible within a unified organisational
framework rather than through isolated technological criteria.

More broadly, the operational approach offers institutional science an opportunity
comparable to that previously discussed for cognitive science. It provides a theoretical
framework through which diverse institutional phenomena may gradually be integrated
into a cumulative explanatory programme grounded in organisational principles rather
than disciplinary boundaries. The Institutional Cognition Programme proposed
throughout this work represents the first step towards such integration, inviting future
empirical research to determine the extent to which institutional systems genuinely
satisfy the operational conditions reconstructed throughout the present investigation.

Towards a General Theory of Adaptive
Cognition

The progressive reconstruction developed throughout this investigation ultimately
suggests a conceptual shift whose significance extends beyond the immediate
objectives of cognitive science. At no point has the present work attempted to redefine
cognition through a new collection of mechanisms, faculties or explanatory constructs
intended to replace existing theoretical traditions. Instead, the investigation has pursued
a different objective. By identifying the operational transformations repeatedly emerging
across diverse scientific disciplines and by demonstrating their structural necessity
through explicit methodological procedures, it has gradually relocated the explanatory
centre of cognition from particular mechanisms towards the organisation connecting
those mechanisms into a continuous adaptive process. This change may initially appear
modest, yet its consequences are potentially far-reaching.

Throughout the history of science, major theoretical advances have frequently
involved a similar movement away from explanations tied to specific material phenomena
towards organisational principles capable of integrating apparently unrelated
observations within a common conceptual framework. Thermodynamics did not replace
chemistry or physics; it identified organisational regularities governing energy
transformation independently of particular substances. Information theory did not replace
communication engineering; it established principles describing informational
organisation independently of the media through which information was transmitted.
Systems biology did not abandon molecular explanation; it revealed regulatory
architectures whose explanatory significance exceeded the behaviour of individual
molecules. In a comparable manner, the operational architecture proposed throughout
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the present investigation does not replace neuroscience, psychology, artificial
intelligence or institutional analysis. It seeks instead to identify the organisational
principles through which their apparently distinct objects of study become scientifically
comparable.

Such a perspective inevitably transforms the manner in which cognition itself is
understood. Rather than treating cognition as a specialised property associated primarily
with biological organisms possessing nervous systems, the operational approach
interprets cognition as a particular mode of adaptive organisation emerging whenever
information undergoes a continuous sequence of transformations that preserves the
capacity of a system to regulate its future interaction with changing environments.
Biological cognition becomes one particularly sophisticated realisation of this broader
organisational principle, but not necessarily its only possible implementation. The
explanatory focus therefore shifts from identifying the entities that possess cognition
towards identifying the organisational conditions under which cognition becomes
operationally possible.

This reinterpretation carries important consequences for the future development
of interdisciplinary science. Cognitive science has long sought conceptual integration
while simultaneously becoming increasingly specialised. Artificial intelligence continues
to produce systems exhibiting unprecedented adaptive capacities without consensus
regarding the conceptual status of those capacities. Institutional science investigates
collective adaptation through conceptual vocabularies that often remain disconnected
from developments occurring within the cognitive sciences. Complexity theory, systems
science and network science increasingly reveal organisational regularities extending
across biological, technological and social domains, yet frequently lack an operational
framework capable of relating those regularities to cognition itself. The architecture
reconstructed throughout this investigation does not resolve every one of these
challenges. It does, however, provide a common organisational language through which
they may begin to interact within a single cumulative programme of scientific inquiry.

The significance of this common language should not be underestimated.
Scientific integration does not occur merely because different disciplines adopt similar
terminology. It occurs when apparently independent fields discover that the
organisational principles governing their respective phenomena may be investigated
according to shared methodological criteria. The operational reconstruction presented
throughout this Working Paper has attempted to establish precisely such criteria. By
defining cognition through operational continuity, functional dependency and adaptive
organisation rather than through discipline-specific mechanisms, it becomes possible to
compare biological organisms, artificial systems and institutional organisations without
reducing one domain to another or dissolving their important empirical differences.
Generalisation is achieved not through abstraction alone but through methodological
discipline.

For this reason, the expression adaptive cognition acquires a particular
significance within the framework proposed here. It should not be interpreted as the
introduction of a new scientific category intended to compete with existing definitions of
cognition. Rather, it designates the organisational perspective emerging naturally from
the reconstruction itself. Adaptation does not appear as one cognitive function among
many. It constitutes the continuous process through which every operational
transformation acquires its explanatory role. Perception, memory, learning, prediction,
decision-making and structural reorganisation become intelligible because together they
preserve the adaptive continuity of the system across successive interactions with an
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uncertain environment. Cognition therefore appears not as the accumulation of
specialised capacities but as the dynamic organisation through which those capacities
become integrated into a coherent adaptive whole.

It is important to recognise the methodological modesty of this conclusion. The
present investigation does not claim to have established a complete or final theory of
cognition. No scientific theory can legitimately make such a claim. The operational
architecture reconstructed throughout these chapters remains open to revision,
refinement and replacement as new empirical evidence accumulates. Its value therefore
depends not upon philosophical certainty but upon its capacity to generate productive
scientific research, organise interdisciplinary evidence more coherently than competing
frameworks and expose its own assumptions to systematic empirical evaluation. In this
sense, the success of the present theory will ultimately be measured not by its
permanence but by its fertility as a research programme.

Viewed retrospectively, the intellectual trajectory of this Working Paper reveals a
progressive movement from conceptual uncertainty towards methodological clarity. The
investigation began by questioning whether cognition possessed a sufficiently precise
definition to support cumulative interdisciplinary science. It proceeded through the
historical reconstruction of competing theoretical traditions, identified the emergence of
recurrent operational principles, developed a functional architecture grounded in
adaptive transformations, subjected that architecture to systematic structural reduction,
established its empirical commitments and explored its possible extension towards
institutional systems. Each stage has contributed to reducing explanatory ambiguity
while simultaneously expanding the theoretical horizon within which cognition may now
be investigated.

The result is not simply a new model of cognition. It is the outline of a broader
scientific perspective in which cognition becomes one expression of a more general class
of adaptive organisational phenomena. Whether this perspective ultimately proves
capable of supporting a unified science of biological, artificial and institutional cognition
remains a question for future empirical research. What the present investigation
establishes is that such a possibility can now be formulated with considerably greater
conceptual precision and methodological discipline than has previously been available.
That achievement, rather than any particular architectural detail, represents the principal
theoretical contribution of this paper.

The final chapter of this monograph draws together the principal conclusions
emerging from the investigation and reflects upon the broader scientific programme
inaugurated by the operational framework developed throughout these pages. Having
reconstructed, validated and extended the architecture of cognition, the remaining task
is to consider its place within the future evolution of cognitive science and to define the
research agenda through which the Institutional Cognition Programme may
progressively develop during the years ahead.
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Chapter 9

The Scientific Contribution of the Present
Investigation

Every scientific investigation ultimately invites a question extending beyond the
particular results it has produced. Once the conceptual architecture has been
reconstructed, its structural necessity examined, its empirical commitments established
and its broader implications explored, it becomes necessary to ask what has actually
been achieved through the investigation as a whole. Such reflection should not be
confused with a simple summary of preceding chapters. Scientific contributions are not
measured by the number of concepts introduced or the complexity of the models
proposed, but by the extent to which an investigation changes the questions that future
research is able to formulate. The present Working Paper should therefore be evaluated
not only through the operational architecture it has reconstructed, but through the new
scientific possibilities that emerge as a consequence of that reconstruction.

The investigation began with a problem that has accompanied cognitive science
since its origins. Despite remarkable advances across psychology, neuroscience,
artificial intelligence, systems theory and related disciplines, the concept of cognition has
remained characterised by considerable conceptual diversity. Competing definitions
frequently emphasised different mechanisms, explanatory vocabularies or domains of
implementation, making cumulative theoretical integration increasingly difficult. Rather
than selecting one of these traditions as uniquely correct, the present investigation
adopted a different strategy. It sought to identify the recurrent organisational principles
capable of explaining why apparently divergent approaches repeatedly converged upon
comparable adaptive functions despite their theoretical differences.

The operational architecture developed throughout the preceding chapters
constitutes the principal result of that reconstruction. Yet the architecture itself should not
be regarded as the most significant contribution of the investigation. Individual theoretical
models inevitably evolve as new empirical evidence accumulates and alternative
explanatory frameworks emerge. Their specific components may therefore require future
refinement or replacement. The more enduring contribution lies elsewhere. It resides in
demonstrating that cognition may be reconstructed through explicit methodological
procedures centred upon organisational necessity rather than conceptual preference. By
progressively moving from historical analysis to operational reconstruction, from
structural validation to empirical commitment and finally towards interdisciplinary
extension, the present investigation has attempted to establish a reproducible
methodological pathway through which cognitive theories may be developed with greater
conceptual precision and scientific discipline.

A second contribution concerns the relationship between explanation and
implementation. Throughout much of the history of cognitive science, theoretical debates
have frequently intertwined organisational principles with the particular biological
mechanisms responsible for implementing them. The operational framework proposed
throughout this paper deliberately separates these explanatory levels without diminishing
the importance of either. Biological implementation remains indispensable for
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understanding how cognition becomes physically possible, while operational
organisation explains why particular adaptive transformations are structurally required
regardless of the substrate through which they are realised. This distinction permits a
considerably broader comparative framework while preserving methodological rigour
across different scientific domains.

Perhaps the most significant consequence of this methodological strategy
concerns interdisciplinarity itself. Rather than treating interdisciplinarity as the
coexistence of neighbouring disciplines investigating related phenomena, the present
investigation interprets it as the progressive reconstruction of organisational principles
capable of integrating those disciplines within a common explanatory architecture.
Cognitive science, artificial intelligence, systems theory and institutional analysis
therefore cease to function merely as parallel sources of evidence. They become
complementary perspectives through which different manifestations of adaptive
organisation may be systematically investigated. Interdisciplinary integration emerges
not through conceptual compromise but through operational reconstruction.

The broader significance of the present investigation therefore lies less in
proposing definitive answers than in establishing a framework within which future
questions may be formulated with greater clarity. The operational conception of cognition
developed throughout this work provides one possible foundation for such a programme.
Whether subsequent research ultimately confirms, modifies or replaces particular
aspects of the reconstructed architecture, the methodological principles guiding its
development remain applicable to future investigations seeking comparable levels of
explanatory integration. In this sense, the principal scientific contribution of the present
Working Paper resides not simply in the theory it proposes, but in the methodological
discipline through which that theory has been constructed.

Limitations of the Operational Framework

No scientific theory emerges without limitations, nor should any mature
theoretical framework seek exemption from them. On the contrary, one of the defining
characteristics of cumulative scientific inquiry lies in its capacity to identify not only what
has been successfully explained but also the boundaries within which those explanations
remain valid. The operational architecture reconstructed throughout the present
investigation is no exception. Although the preceding chapters have established its
internal coherence, structural necessity and empirical commitments, these
achievements do not eliminate the existence of important theoretical, methodological
and empirical questions whose resolution necessarily belongs to future research.

The first limitation concerns the level of abstraction deliberately adopted
throughout the reconstruction. The objective of the present investigation has been to
identify the organisational principles governing cognition rather than the biological,
computational or institutional mechanisms responsible for implementing those principles.
This methodological choice has permitted the development of a substrate-independent
explanatory framework capable of supporting interdisciplinary comparison. At the same
time, however, it necessarily leaves unresolved many questions concerning the detailed
mechanisms through which individual transformations are physically realised within
particular classes of cognitive systems. The operational architecture therefore
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complements rather than replaces domain-specific research conducted within
neuroscience, psychology, artificial intelligence or organisational science.

A second limitation concerns the scope of empirical validation presently available.
The reduction protocol developed in Chapter 5 demonstrates that the reconstructed
architecture cannot be further simplified without compromising its explanatory continuity
within the theoretical framework established throughout this investigation. Nevertheless,
structural validation should not be confused with comprehensive empirical confirmation.
The predictions formulated in Chapter 6 remain hypotheses awaiting systematic
examination through experimental, comparative and computational research. The
architecture consequently occupies an intermediate scientific position: it has progressed
beyond conceptual reconstruction but has not yet completed the extensive empirical
evaluation required of mature scientific theories.

A third limitation concerns the extension of the framework beyond biological
cognition. Throughout Chapters 7 and 8, the present investigation has argued that the
operational architecture may legitimately be applied to institutional systems because its
explanatory principles remain independent of particular material substrates. Yet this
conclusion establishes methodological possibility rather than empirical demonstration.
Whether specific institutional systems satisfy the operational conditions reconstructed
throughout this work remains an open research question whose answer must emerge
from careful comparative investigation rather than theoretical extrapolation. The
Institutional Cognition Programme therefore begins not with certainty but with a clearly
defined empirical agenda.

Finally, the present framework remains open to future theoretical refinement. The
operational transformations proposed throughout this Working Paper should not be
regarded as immutable conceptual entities but as the best current reconstruction
supported by the available evidence and the methodological procedures employed
during the investigation. Future discoveries may reveal additional organisational
principles, alternative dependency relationships or more parsimonious architectures
capable of explaining adaptive cognition with greater precision. Such developments
would not diminish the significance of the present investigation. They would instead
confirm that the methodological framework established here successfully supports the
cumulative evolution of scientific knowledge.

Recognising these limitations is essential because it clarifies the scientific status
of the operational framework itself. The present investigation proposes neither a
definitive theory of cognition nor a closed explanatory system. It offers a transparent
methodological reconstruction whose principal value lies in its capacity to generate
increasingly precise empirical and theoretical questions. In this sense, its limitations
should not be interpreted as weaknesses requiring concealment but as the natural
frontiers of a research programme deliberately designed to evolve through systematic
critical examination.

The Future Research Programme

Every successful scientific investigation ultimately generates more questions
than it resolves. This observation should not be interpreted as evidence of
incompleteness but as one of the principal indicators that a theoretical framework
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possesses genuine scientific vitality. The operational reconstruction developed
throughout the present Working Paper was never intended to conclude the study of
cognition. Its primary objective has been to establish a sufficiently coherent conceptual
and methodological foundation upon which an extended programme of cumulative
research may progressively be constructed. It is within this broader perspective that the
Institutional Cognition Programme should be understood.

The programme proposed here does not consist of a single theoretical project but
of an evolving family of interconnected investigations organised around a common
operational framework. Future research will examine the empirical validity of the
reconstructed architecture across biological, artificial and institutional systems; refine the
dependency relationships connecting individual transformations; develop computational
models capable of reproducing the adaptive cycle; investigate the emergence of
collective cognitive organisation; analyse institutional resilience through operational
criteria; and explore the implications of adaptive cognition for public governance, artificial
intelligence and complex socio-technical systems. Each of these investigations
constitutes an independent scientific endeavour while simultaneously contributing to the
cumulative refinement of the common theoretical architecture established throughout the
present work.

This cumulative structure represents one of the defining methodological
characteristics of the programme. Scientific progress is not expected to arise through
isolated theoretical innovation but through the continuous interaction between
operational reconstruction, empirical investigation and theoretical revision. Working
Papers, Research Validation Papers, comparative studies, computational experiments
and interdisciplinary collaborations become successive stages within a unified process
rather than disconnected academic outputs. The operational framework therefore
functions simultaneously as an explanatory model, a methodological language and an
organisational principle guiding the future evolution of the research programme itself.

Particular importance should be assigned to the comparative dimension of future
investigation. One of the central hypotheses emerging from the present reconstruction
is that cognition may ultimately prove to be an organisational phenomenon capable of
transcending traditional disciplinary boundaries. Evaluating this possibility requires
systematic comparison across domains that have historically remained largely
separated. Biological cognition, artificial intelligence, institutional governance, distributed
organisational systems and hybrid human-artificial environments should therefore be
examined according to shared operational criteria while fully respecting the empirical
specificity of each domain. Such comparison represents one of the principal scientific
opportunities created by the present investigation.

The Institutional Cognition Programme consequently defines its ambition not
through the defence of a particular theory but through the creation of a methodological
environment capable of supporting continuous scientific development. Individual models
may evolve, explanatory architectures may become progressively more refined and
empirical evidence may require substantial conceptual revision. Yet the broader objective
remains constant: to construct an increasingly integrated science of adaptive cognition
grounded in explicit operational principles, transparent methodological procedures and
cumulative interdisciplinary investigation. The present Working Paper represents only
the first step within that longer intellectual trajectory.
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Final Reflections

The investigation presented throughout these pages began with a deceptively
simple question: What is cognition? As the analysis progressively unfolded, however, it
became increasingly apparent that the difficulty of answering this question did not arise
primarily from the absence of empirical knowledge. Contemporary science possesses
an extraordinary understanding of neural mechanisms, behaviour, learning, artificial
intelligence and adaptive systems. The deeper challenge lay elsewhere. It concerned
the absence of a sufficiently general organisational framework capable of integrating
these diverse bodies of knowledge without reducing one to another or dissolving their
conceptual differences. The present Working Paper has attempted to address precisely
this challenge.

The operational reconstruction developed throughout the investigation should
therefore be understood less as the proposal of a new explanatory doctrine than as an
attempt to reorganise the scientific landscape within which cognition is investigated.
Throughout the preceding chapters, cognition has progressively ceased to appear as a
specialised property confined to particular biological entities and has instead emerged
as an organised adaptive process defined by explicit functional relationships. Whether
future research ultimately confirms every aspect of the reconstructed architecture
remains an open empirical question. Yet the methodological possibility of approaching
cognition through operational organisation rather than through substrate-specific
mechanisms now appears considerably more clearly articulated than at the outset of the
investigation.

Perhaps the most important consequence of this perspective concerns the
relationship between explanation and scientific progress. The history of science
repeatedly demonstrates that enduring theoretical advances rarely arise from the
accumulation of increasingly detailed descriptions alone. They emerge when apparently
disconnected observations become intelligible through organisational principles of
greater explanatory generality. The present investigation has sought to contribute to this
tradition by proposing that adaptive organisation, rather than any particular cognitive
mechanism, constitutes the most appropriate level at which a general theory of cognition
may be reconstructed. If this proposition proves scientifically fruitful, its significance will
extend beyond the specific architecture presented here and influence the broader
manner in which cognition is investigated across disciplines.

The operational framework introduced throughout this monograph therefore
invites future researchers not to preserve its conclusions but to examine them critically,
extend them where appropriate and replace them whenever more coherent explanatory
architectures become available. Scientific theories fulfil their purpose not by remaining
unchanged but by generating increasingly productive cycles of investigation. The value
of the present work will ultimately depend less upon the permanence of its specific
formulations than upon its capacity to stimulate precisely such cumulative scientific
development.

Viewed from this broader perspective, the present RVP represents both an
ending and a beginning. It concludes the first stage of an investigation devoted to
reconstructing the operational architecture of cognition. At the same time, it inaugurates
a wider programme dedicated to understanding how adaptive organisation emerges
across biological, artificial and institutional systems, and how these apparently distinct
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domains may eventually contribute to a more unified science of cognition. Whether this
ambition is ultimately realised will depend upon many investigations extending far
beyond the scope of the present volume. The purpose of this work has been more
modest, yet perhaps more fundamental: to establish a coherent point from which that
collective scientific journey may legitimately begin.
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