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Emergentismoak errealitate materiala eta fenomeno biologiko zein psikologikoen konplexutasuna uztartu
nahi ditu, dualismoa eta erredukzionismo zorrotza baztertuz eta mailen arteko batasun zientifikoa gordez.
Agentzia autonomia antolatu gisa ulertuta, helburudun sistemek—protokelulatik gizakira—arau, asmo eta
arrazoien kontzeptuak eskatzen dituztela defendatzen du, emergentzia antolatzailea eta kausalitate ez-
erredukzionista habarmenduz.

Giltza-Hitzak: Agentzia. Emergentzia. Agente-kausazioa. Antolaketa. Oinarrizko Autonomia. Autonomia
sentsoriomotorra. Bizitzaren jatorriak. Ekintza intentzionala.

El emergentismo busca reconciliar la realidad material con la complejidad de los fenémenos bioldgicos y
psicolégicos, rechazando tanto el dualismo como el reduccionismo, al tiempo que preserva la unidad
cientifica entre distintos niveles de organizacion de la materia. Este articulo traza la emergencia de la
agencialidad, desde la organizacion auto-mantenida de las protocélulas hasta la autonomia humana,
argumentando que los sistemas autdénomos alejados del equilibrio fundamentan una forma especifica
de causalidad que caracteriza a los agentes (en la que las acciones sustituyen a los eventos, las normas
sustituyen a las leyes y los objetivos sustituyen a los equilibrios).

Palabras clave: Agencia. Emergencia. Causacion agencial. Organizacion. Autonomia basica. Autonomia
sensomotora. Origenes de la vida. Accion intencional.

L'émergentisme cherche a réconcilier la réalité matérielle avec la complexité des phénoménes bi-
ologiques et psychologiques, en rejetant a la fois le dualisme et le réductionnisme, tout en préservant
l'unité scientifique entre les différents niveaux d'organisation de la matiére. Cet article retrace
I'émergence de I'agentivité, depuis I'organisation auto-entretenue des protocellules jusqu'a I'autonomie
humaine, en soutenant que les systémes autonomes éloignés de I'équilibre fondent une forme spécifique
de causalité qui caractérise les agents; dans laquelle les actions se substituent aux événements, les
normes aux lois et les objectifs aux équilibres.

Mots-clés : Agentivité. Emergence. Causalité agentive. Organisation. Autonomie basique. Autonomie sen-
sorimotrice. Origines de la vie. Action intentionnelle.
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1. Introduction

We tend to subtract ourselves from the order of objects and artifacts. The study of objects is carried out
by physicists and chemists, the study of humans and their assemblages by psychologists and sociologists.
The manipulation of material objects falls into the realm of engineering, that of humans into ... politics
(?1). The difference between disciplines is not merely a contingent frozen accident of the history of West-
ern academia and its departmental divisions. Rather it responds to a fundamental split between two kinds
of causal regimes. For instance, it might take but a whispered word carrying scarcely 1072 joules of acous-
tic energy to set millions of human beings (and countless artefactual systems) into sustained motion
toward another country (e.g. for an invasion, vacation, or exile). A similarly minuscule cue, such as the
slight lengthening of daylight at springtime or a faint geomagnetic signal, can set billions of migratory
birds into coordinated flight across continents. By contrast, it would take on the order of 10°-1015 joules
to move the same bodies by mere external causal physical forces (push, gravitation, magnetism, etc.).
This difference of over 20 orders of magnitude demands some explanation. Whereas the latter case in-
volves movement by external force (push, gravitation, magnetics, etc.) the second involves reasons? (and
forces generated or stirred from within according to them).

Not only the whisper or the magnetic signal need to be involved into the explanation, as triggers of the
observed behavior. Why do birds migrate from A to B? Because it is warmer in B. Why do tourists move to
B? Because it is warmer in B. The causes that bring about the agentive movement are not un-physical.
And yet, they don’t seem to be plausibly captured by standard physical causes alone.

To come out of this conundrum there have been three standard responses in the history of philosophical
and scientific understanding of the world2: a) to split reality into different realms (dualisms or pluralisms),
b) to deny the proper existence of agency and related concepts like teleology, intentionality, goal-directed-
ness, etc. (reductionism), or, ¢) the acknowledgment that, despite reality been grounded on the materiality
that physicists study, there are properties that emerge from it (agency among them) that deserve a proper
level of study and the assignment of a proper level of existence. What is a stake here is more than a
sophisticated theoretical complication. What we are dealing with here is with the very possibility of attrib-
uting causal powers to specific individuals or ensembles, that could ultimately lead to explaining self-
determination, free will and responsibility (although a proper treatment of these categories requires a trip
much longer than what this journey permits).

2. A brief history of emergence

The concept of emergence (and its various manifestations) has accompanied western thought almost
since its origins. Its role has been to mediate and bridge between reductive understanding of nature and
our place in it (collapsing the observed world into a preferred domain: generally matter or physics), and
dualist or supernatural understandings (invoking supernatural domains of existence to account for ob-
served phenomena: the origins of humanity, the nature of consciousness or the soul). The Aristotelian

1 When we invoke the “force” of reason we do so metaphorically. | have used the term “reason” here on its most liberal or
generic form, less heavily loaded terms can be information, purpose, goals, or norms.

2 By a scientific understanding of the world we mean that understanding that is sustained by the results of the scientific
method(s), as opposed to understadings based on pure speculation, religious or spiritualist believes or other cultural or
social foundations of our conceptual or otherwise cognitively structured dealing-with and symbolization-of the world.
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notion of form was an early (and still vividly celebrated) attempt to reconcile both a materially grounded
(i.e. not transcendental) reality that, in turn, can display finality or teleology, and it is often considered a
forerunner of emegentism (O’Connor, 2020; for a contemporary hylomorphic approach to emergence see
Jaworski, 2016). Ever since, philosophers and theoreticians alike (in physics, chemistry, biology and psy-
chology) have struggled to make sense of the way in which nature (including ourselves within it) appears
stratified in different levels or domains, each of them displaying their own properties and regularities, yet
dependent on those of its constituents. Such differences have manifested in a split between disciplines
and thus, also, justifying different methods of study and the difference between scientific disciplines.

These levels of manifestation of reality invite competing explanatory strategies. Dualisms (or pluralisms)
posit two (or more) fundamentally distinct realms. Reductionisms seek to collapse diversity into a single
explanatory base. The concept of emergence arises as a mediating framework that preserves the integrity
of different levels without resorting to either absolute separation (dual/pluralism) or total subsumption
(reductionism). Since emergentism owes so much to this tension between dual/pluralism and reduction-
ism it is worth spending some time detailing what these two poles demand. We shall briefly navigate them
attending to one main author. We have chosen René Descartes (1596-1650) for dualism and Rudolf Car-
nap (1891-1970) for reductionism.

2.1. Dual/pluralisms

René Descartes’ epistemological path to the Cogito begins with a methodological doubt: any belief about
the world can be false. The senses deceive, dreams confuse appearance and reality, and even a malicious
demon (a technological corporation?) could be tricking us on a constant basis. What remains certain is
the existence of the thinking self, a cogito. But this one is continuously confronted with its senses, that
also deliver clear and distinct ideas. It could all be a dream, but God couldn’t be so wicket. There has to
be something out there that the senses actually sense. From here, Descartes distinguished between two
fundamental substances, giving rise to Cartesian dualism. Each substance posits its own defining prop-
erties. Res extensa, on the one hand, names the external reality, captured by the senses and grounding
our experienced reality of the world. Entities in this domain are spatially extended, localized, divisible,
determinate, passive, mortal, and perceivable by the senses. Res cogitans, on the other, is the realm of
the mind, rationality and ideas. Entities in this domain are non-extended, non-localizable, indivisible, free,
active, immortal, and not perceivable by the senses.

Descartes’ doubtful sin3, was to renew and sharpen the conceptual distinction that is not only pervasive
in the inherited history of Western thought, already present in Western philosophy (from Pythagoras to the
Scholastics), but also difficult to resist by looking at the gigantic gap that separates the dirt of material
properties from the purity of the mathematical beauty that accessible to consciousness. Yet, this ontolog-
ical dualism, made clear and explicit, generated its own philosophical problems: How do mind and body
relate? If the physical realm is deterministic, how can freedom and physically-effective human action be
reconciled? How do | know my conscious perceptions correspond to external reality? How can one prove
that other conscious beings exist?

3 We mean “doubtful” here is a double sense: because it is doubt as a method that brought him there, but also because it is
hardly a sin, but a virtuous philosophical en-framing of an old and everlasting problem.
4
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Contemporary dualists continue (in one way or another) to face these challenges while enjoying the safety
and tranquility of the conceptual divide between mind and matter. Karl Popper and John Eccles, for in-
stance, defended an interactionist view between “World 1” (physical) and “World 2” (mental) (Popper &
Eccles, 1977). Many Christian thinkers today defend substance dualism, often renewing Cartesian argu-
ments in a contemporary philosophical context to support it (Moreland, 2011; Swinburne, 2019). And
without any specific religious commitment, David Chalmers (1997), one of the most prominent philoso-
phers of science alive, defends a strong form of property dualism (what he calls “naturalistic dualism”)
holding that conscious experience is a fundamental feature of reality; one that can not be treated as
reducible to, or emergent from, the physical.

Paradoxically, many dualisms operate also as reductionisms. This is particularly true of Descartes, since
it demands that the diversity of regularities and properties observed in the universe be subsumed or
reduced to either one of the two substances or domains that split reality. Since only the most rational and
conscious aspects of the human mind were left to fall under res-cogitans, the rest of reality, including
(importantly) the living, falls under res-extensa and the mechanical view of nature it implies. But we shall
come back to this latter. It is now time to illustrate one of the most influential and even today widely
(although often implicitly) spread form of reductionism, physicalism, that targeted directly the dualism
between mind and bodies and that finds Rudolf Carnap among its founders and one of its greatest philo-
sophical exponents.

2.2. Reductionisms

Alongside dualism, philosophy has long cultivated reductionist explanations of nature. From the atomism
of Democritus, to Empedocles’ pluralist four elements, philosophers and scientists sought to explain the
multiplicity of the world by reference to fundamental components.

In modernity, reductionism gained momentum. Its philosophical roots can be traced to early empiricists
like Francis Bacon, who championed the nascent scientific method of reducing complex problems to ob-
servable, measurable facts, laying the groundwork for positivism. This spirit was further developed by
René Descartes’ analytical and decompositional method, which reduced the scientifically accessible ma-
terial world to mechanical causes. This vision found its most compelling physical expression in Newtonian
physics, which grounded explanations in particles, forces and motions. La Mettrie’s materialist psychol-
ogy and Hume’s associationism extended reductionist strategies to minds, epistemology and morality.
Laplace’s determinism sealed the causal closure of the physical (with no room for the will) and Comte
declared a definitive victory of positivism over any kind of metaphysics. Marx’s scientific materialism re-
duced political structures to economic relations of production subsumed under historical determinism.
More recently, logical positivism and behaviorism reduced psychology to observable stimulus-response
pairing (Skinner, 1953; Watson, 1913). Reductionism also advanced (and advances) within the natural
sciences: chemistry was claimed to be reduced to quantum mechanics (Dirac, 1929), thermodynamics
to statistical mechanics (Boltzmann, 1964), biology to molecular biology (Crick, 1966) and genetics (Daw-
kins, 1976), and mind (even philosophy itself!) to neuroscience (Ramachandran, 2012).

Rudolf Carnap was a member of the Vienna Circle and what came to be known as logical positivism (or
logical empiricism), a school of thought that, through the success of natural sciences and the newly de-
velop solid foundation of logic (Russell, 1916; Wittgenstein, 1922) stated that all human knowledge
should be reducible to logical statements grounded on observation. To say it with Carnap: “science is a
unity in that (1) all empirical statements can be rendered in a single language, (2) all states of the world

5
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are of one type, and (3) they are known by the same method” (Carnap, 1934, p. 32). For Carnap, unity
stems from three converging dimensions. Semantically and epistemologically, different theories, models,
and even languages should be inter-translatable or reducible into a common formal language. Ontologi-
cally, various entities or processes are not fundamentally heterogeneous but reducible to a single kind;
thus preserving a uniform ontology across disciplines. Methodologically, scientific knowledge should be
acquired via a single privileged method (be it observation, manipulation, or experimentation) forming a
coherent interface with the world. Mental or psychological statements are no exception:

So-called psychological sentences—whether they are concrete sentences about other minds, or
about some past condition of one’s own mind, or about the present condition of one’s own mind,
or, finally, general sentences—are always translatable into physical language. Specifically, every
psychological sentence refers to physical occurrences in the body of the person (or persons) in
question. On these grounds, (...) psychology is a branch of physics. (Carnap, 1959).

If psychology is a branch of physics so is sociology and biology. Do nations, persons, or organisms exist?
Well, for a pure reductionist there are two answers to this question4. Either these entities are simply higher
level labels for long physicalist descriptions or ensembles of constituent aggregates, and add nothing to
them except for a handy shortcut (like “a dozen” is no more than 12 = 1+1+1+1+1+1+1+1+1+1+1+1).
Or they simply don’t exist; like ether or phlogiston never existed; despite their systematic presence in early
scientific theories. Talks of desires as motivating human behavior, or free will, are simply wrong; and will
be substituted in the future by a more detailed neurobiological understanding of human behavior (Church-
land, 1981). Psychological concepts of this type are ho more different in scientific explanations ghosts
moving objects, animal spirits taking over the body of a person committing a crime, or a curse explaining
my failure to finish this paper. The same goes for organisms in biology, a concept that needs to be elimi-
nated in favor of genes, which are nothing but differentially reproducible patterns of molecules (Dawkins,
1976). This form of strong reductionism takes the name of eliminativism, for it defends to eliminate those
causal principles, substances, entities or properties from the catalog of what exists.

2.3. Emergentism

As we mentioned earlier, emergentism is an attempt to reach some sort of equilibrium between the un-
deniably material grounding of our reality and the challenging properties displayed by biological and psy-
chological phenomena. Against dualism, it denies the necessity to separate substances or domains of
reality. Against reductionism, it denies that all properties can be deduced from lower or more fundamental
levels of descriptions. And against a proliferating pluralism, it preserves the coherence of a unified science
by acknowledging systematic relations across levels that are accessible to scientific scrutiny. Emergence
is both a historical response to unresolved debates between dualism and reductionism, and a contempo-
rary methodological principle grounded on the sciences of complexity (as we shall see). It makes it possi-
ble to see novelty not as a threat to explanation, but as an irreducible feature of the multilayered reality
in which we live.

4 To be fair to Carnap, my use of his reductionism here is rather instrumental, profiting from the clarity and boldness of his
claims. However, Carnap’s own position is better read as a semantic-methodological physicalism (unity via translatability
and intersubjective testability) rather than as an eliminativist metaphysics. In this sense it leaves more room for higher-level
explanatory autonomy than many other physicalists, particularly eliminativists.

6
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In the context of the rise of Cartesian mechanicism, Newtonian mechanics, chemistry, and the success
of automata as models and molders of the world (clocks, instruments, and industrial machinery) the de-
bate on vitalism emerged. Vitalists argued that living beings could not be reduced to mere physical and
chemical processes, but required a special force to account for their properties. Throughout the 17th up
to the early 20th century a systematic resistance to simplify living phenomena to the available physicalist
or mechanistic methods grew strong. Georg Ernst Stahl's (1659-1734) “anima”, Caspar Friedrich Wolff's
(1734-1794) “vis essentialis”, Baron Carl von Reichenbach's (1788-1869) “odic force”, or Henri Bergson’s
(1859-1941) “elan vital”, they all postulate a fundamentally new or irreducible force, energy source or
organizing principle to explain living phenomenology. In contrast, emergentism arose as an alternative. It
sought to preserve the materiality and complexity of life without falling into the reductionism of material-
ism, while also avoiding the invocation of a non-physical “vital principle”, or recurring to the growing spir-
itualism and idealism in philosophy.

Before the term emergentism was coined, in A System of Logic (1843), John Stuart Mill distinguished
between two types of laws. Homopathic laws follow the “composition of causes,” meaning that the joint
effect of causes is simply the sum of their separate effects; for instance, the combination of forces in
mechanics. Here, the whole is just the sum of its parts. By contrast, heteropathic laws do not follow this
principle. In these cases, the whole exhibits properties that are not predictable from the mere aggregation
of its parts. The much celebrated motto was born: “The whole is more than the sum of its parts”. It was
Mill's student, George Henry Lewes, who introduced the term emergent to describe precisely these het-
eropathic effects.

During the 1920s, there was a surge of publications on the concept of emergence, especially in philoso-
phy of mind and philosophy of science on what would be known as British Emergentism. One of the most
influential works was Charlie Dunbar Broad’s The Mind and Its Place in Nature (1925). Broad addressed
not only the problem of the reduction of properties (mental and vital) but also the question of whether
sciences could be reduced to each other. We owe him one of the earliest (still useful) precise definitions
of emergence:

Put in abstract terms the emergent theory asserts that there are certain wholes, composed (say)
of constituents A, B, and C in a relation R to each other; that all wholes composed of constituents
of the same kind as A, B, and C in relations of the same kind as R have certain characteristic
properties; that A, B, and C are capable of occurring in other kinds of complex where the relation
is not of the same kind as R; and that the characteristic properties of the whole R(A, B, C) cannot,
even in theory, be deduced from the most complete knowledge of the properties of A, B, and C in
isolation or in other wholes which are not of the form R(A, B, C). The mechanistic [reductionist]
theory rejects the last clause of this assertion. (Broad, 1925, p. 61)

Unfortunately, by the 1930s, emergentism began to lose influence. Scientific progress on some reduc-
tionist programs (we explained earlier) contributed to this decline. The development of quantum mechan-
ics, molecular biology, and the Modern Synthesis in evolutionary biology provided powerful reductionist
explanations that still permeate the natural and social sciences. Philosophical factors also played a role:
the rise of logical positivism, particularly in psychology through behaviorism (see the previous subsection
on reductionism), rendered emergentist approaches out of focus. If the reductionist program was suc-
ceeding there was no need of emergentism.
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However, emergentism experienced a revival in the 1970s and 1980s. Partly because of the failure and
limitations of the reductionist programs, notably in psychology (Chomsky, 1959; Tolman, 1967), but also
because of the success of the emergentist research programs, as we shall see. An influential physicist
(yet not traditionally a “physicalist”) turning point came with Philip W. Anderson’s article “More Is Differ-
ent” (1972). Anderson departs from the standard distinction between two kinds of science: intensive sci-
ence, which seeks fundamental principles (mainly particle physics), and extensive science, which applies
those principles to explain higher-level phenomena. He argued against some forms of reductionism and
in favor of constructionism:

The ability to reduce everything to simple fundamental laws does not imply the ability to start from
those laws and reconstruct the universe. (...) At each level of complexity entirely new properties
appear, and the understanding of the new behaviors requires research which | think is as funda-
mental in its nature as any other. (Anderson, 1972, p. 393)

Thus, not even physics was safe to discover properties that could not be deduced from its most funda-
mental principles. This paved the way to conceive of biological and psychological domains as constituted
by emergent fundamental principles not deducible from the scientific understanding of their most basic
constituent.

In science, new fields such as Artificial Life and Complexity Sciences (including nonlinear dynamics, self-
organization, and cellular automata) reopened the debate on emergent properties (Bedau, 1997; Kauff-
man, 1993). In philosophy, new discussions of the mind-body problem arose facing the problems of be-
haviorism (Chomsky, 1959; Tolman, 1967). With the help of the computer metaphor, the mind came to
be understood as supervenient on matter yet distinct from it, very much like software is understood, pro-
grammed and explained using different concepts and procedures to those used on the hardware in which
it is implemented (Fodor, 1968; Putnam, 1965). But more radical emergentist views also grew out of
complex systems approaches to the mind and the cognitive sciences, understanding mindful properties
as emergent from the non-linear interaction between brain, body and environmental processes (Clark,
1998); irreducible not only to their material components but also the abstract computational representa-
tion (Chemero, 2013; Di Paolo et al., 2017; Varela et al., 1991).

Today, the concept of emergence plays a central role in diverse areas. In physics, emergence is studied
in condensed matter systems (Laughlin & Pines, 2000), phase transitions (Cheung et al., 2018), and
guantum phenomena (Lewis, 2017). In biology, it informs systems biology (Boogerd, 2007; Kitano, 2002),
evolutionary developmental biology and theories of self-organization in life processes (Kauffman, 2000;
Moreno & Mossio, 2015; Newman, 2018; Sole & Goodwin, 2002). In cognitive science and artificial intel-
ligence, debates on the distributed and emergent nature of behavior from neural networks (Rumelhart et
al., 1987; Smolensky, 1988; Wei et al., 2022), the nature of consciousness (Edelman & Tononi, 2001,
Tononi et al., 2016), embodied cognition (Barandiaran, 2017; Chemero, 2013; Clark, 1998; Di Paolo et
al., 2017), all heavily rely on and contribute to emergentist thinking.

In philosophy, the theory of emergence has developed in great detail (Bedau & Humphreys, 2008; Kim,
1999; for a systematic recent update see O’Connor, 2020). It is commonly accepted that the main chal-
lenge of emergentism is to balance two central thesis: the dependence of the emergent phenomena
(domains, properties, substances, laws, etc.) on the lower level constituents (ultimately understood as
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material or physical particles, forces, etc.) and, at the same time, the autonomy of the emergent, its ca-
pacity to display higher order regularities or laws that cannot be deduced, predicted and/or understood
from (the best knowledge of) the properties of the constituents on which the emergent dependss.

Philosophically, debates now distinguish between weak and strong emergence. Weak emergence posits,
at least, that emergent phenomena cannot be deduced (analytically) from the functioning of its constitu-
ents. The only scientific access to the relationship between constituents and emergents is through fine
grained computer simulations that reproduce a significant part of the constituent dynamics (together with
additional constraints). These complex models are needed to reconstruct the higher level emergent phe-
nomena from its base, but, at the same time, the emergent phenomena might be subject to higher level
descriptions that are more robust, accurate, informative or efficient than the lower level simulations
(McGregor & Fernando, 2005; Seth, 2011). Moreover, it is often the case that, in practice (and sometimes
in principle, like cases involving deterministic chaos), not even such simulations can render fully accurate,
predictable or reliable information of the behavior of the emergent.

Proponents of strong emergence add that the emergent level displays new causal powers that influence
the lower level dynamics (Bishop, 2008; Bitbol, 2012; Campbell, 1974). This process is called downward
causation, and it is the object of strong debate for it pushes the problem of emergence to its limits. If an
emergent has the power to cause changes on its constituents beyond the causal interactions that take
place between constituents, in a manner that adds to the causal properties of its constituents, then it
follows that there is no causal closure at the fundamental level. In other words, explanations at the level
of the base of emergence (of the more fundamental level of explanation below that of the emergent phe-
nomena) are incomplete or causally open or the emergent phenomena are overdetermined both by con-
stituent causes and by the emergent ones (Kim, 1998, 1999).

2.4. Structural and organizational emergence

Emergent phenomena can be categorized along many dimensions: diachronic vs. synchronic emergence,
epistemic vs. ontological emergence, weak vs. strong emergence, and others. For the purpose of this
paper, however, | will suggest a disctinction between structural and organizational emergence.

Structural emergence occurs when, given a set of boundary conditions and a particular type of constitu-
ents, a system produces higher-order patterns and properties that can be subsumed under a law or no-
mological structure. This type of emergence is typically studied in physics and chemistry. Examples in-
clude the emergence of solubility, superconductivity, laser coherence, crystallization, etc. Structural emer-
gence often involves phase transitions, where new properties appear after the transition, but the transi-
tion itself is determined by constraints, constituents, and the system’s global state (so that local states,
specific initial conditions and trajectories, or historicity, are often negligible).

Structural emergence is not limited to physics. It also appears in special sciences such as biology and
sociology. Whenever an emergent pattern can be expressed as a law-like or nomological regularity, it is
determined by the interplay of boundary conditions and constituent properties. Examples include mor-
phogenesis in biological tissues (Turing, 1952), predator-prey oscillations in ecological systems (Lotka,
1920), or collective behaviors such as human crowd dynamics and bird flocking (Reynolds, 1987). Other

5 Note that the term “autonomy” here is used in a different (yet not totally unrelated) sense to that used when we talk about
biological autonomy or autonomous agency.
9
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cases include traffic jams (Nagel & Paczuski, 1995), neural synchronization in the brain (Buzsaki, 2006;
Thompson & Varela, 2001), and financial market bubbles (Sornette & Cauwels, 2015), where macro-pat-
terns arise lawfully from many interacting units under specific and identifiable conditions.

Organizational emergence, by contrast, is marked by the appearance of functional differentiation and
integration contributing to the self-maintenance of a system. An organized system is one in which a diver-
sity of components or processes can be distinguished as differentially contributing to sustaining the sys-
tem in a coordinated (integrated) manner . The hallmark of organizational emergence is not merely a new
property that can be captured by a law, but rather the constitution of an autonomous, self-sustaining
whole. Paradigmatic examples are living organisms, ecosystems, and human organizations, where sub-
systems play specialized roles that maintain the viability of the overall system. The organizational concept
of function (Christensen et al., 2002; Mossio et al., 2009; for systematic contemporary revision see Baran-
diaran, 2025) plays here a crucial explanatory and differentiating role between the type of emergence
studied by physics and that of living, psychological and social sciences. And it is here where agency
emerges (Ruiz-Mirazo & Moreno, 1998).

The distinction between structural and organizational emergence, however, is not sharp or binary. Alt-
hough the transition is non-linear (yet continuous) in nature, and while most systems can generally be
placed within one or the other categorys, there exist intermediate cases. These intermediate cases are
usually captured by the notion of self-organization, in which local interactions among components spon-
taneously generate global order that, in turn, stabilizes and maintains itself. Such transitional forms give
rise to emergent qualifications that combine aspects of both structural and organizational emergence.
Some examples include super-cell thunderstorms (Davies-Jones, 2015) or reaction-diffusion spots (Virgo
& Harvey, 2008). Both display distinctive parts, they are composed of different patterns, that altogether
contribute to the phenomenon, we can identify them (sometimes we even give them names), local con-
tingent differences between constituent spatial and interactive properties start to make a difference, and
these systems tend to develop over time and display cumulative and idiosyncratic histories. However,
these are typically short-lived, they display little adaptive capacity, information is easily lost and they tend
to decay or dissipate leaving no reproducible traces.

Complex organizations (whether biological, social, or technological) are typically both the result of, and
the condition of possibility for, evolutionary, developmental, and nested self-organizing assemblages. They
posses a proper individuality and the external manifestation of such complex emergent organization is
agency.

A crucial feature that distinguishes organizational from some forms of structural emergence (particularly
those that give rise to new generic and lawful properties in physical and chemical systems) is that organ-
izational emergence is predicated of specific individual (this particular cell under the microscope right
now, the tornado that destroyed Miami last week, or yourself). But how can we define agency as something
that doesn’t presuppose the terms that typically characterize it (intentionality, reasons, etc.)? How does
self-organization complexify to give rise to the emergence of autonomous agency?

6 This non-linear jump from structural to organizational emergence is partly due to the bootstrapping effect of protocellular
formation, development and latter evolution, that pushes organizational identity away from generic physico-chemical self-
organization (Ruiz-Mirazo et al., 2020).
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3. The emergence of basic autonomous agency

3.1. What agency requires

| have elsewhere argued in detail (Barandiaran, 2008; Barandiaran et al., 2009) that agency requires to
meet three interrelated, necessary and sufficient, conditions: 1) there has to be a system [individuality
condition], 2) doing something by itself [causal asymmetry condition], 3) according to a certain goal or
norm [normativity condition]. If there is no well identifiable system there is nothing to which agency can
be attributed. Agency is predicated of individuals (or individualized collectives), not of diffuse causal net-
works?. In turn, as we shall see the constitution of this individuality is relevant for the goals and the asym-
metry that defines agency. Second, if the individual is not the source of the interaction it establishes with
the environment then there it is not an agent, but an patient, a passive receiver of environmental influ-
ences. It is not the same to jump than to pushed by the wind. Finally, not any kind of active movement
sustained by an individual can be considered an action. Parkinsonian movements or epileptic attacks are
endogenously generated but they don’t constitute actions. They are not attributable to the individual as
an agent.

3.2. Conservative and dissipative structures

A solid departure point to ground the explanation of the emergence of agency is to study the persistence
of systems. Only relatively stable, enduring, entities will be able to support agency. Surely, this condition
is not exclusive for agency, for it extends to almost any kind of entity that we can rely on as part of our
world, yet, however obvious, this departure point already helps to define a number of key notions.

The crucial feature for persistence is precisely that of cohesion. We can start defining cohesion as the
property of a system by which it achieves unity in spite of internal or external fluctuations (Collier, 1988,
2004). A system must have a degree of cohesion in order to become stable and a locus of individuality
and agency. A quick look at the kind of processes that surround us shows that the universe has evolved
producing forms of order in some places (like rocks or galaxies), while, in others, matter presents no
cohesion at all (such is the case of gases, for instance). The ordered matter takes in turn two different
forms: in some cases, basic components appear lumped together forming conservative structures and in
others, they constitute dissipative structures.

The first type (conservative structures) refers to spatially ordered forms of assemblage of material sub-
units, where order is temporally instantaneous, like in rocks or some crystals or temporally unfolded, like
in atoms or planetary systems. In both cases the cohesive form exhibited is just an expression of gross
physical forces acting between components that, interacting under certain conditions, fall into a stable
dynamic or structural stability (some of these structures fall under the category of structural emergence).
These systems will stay as they are indefinitely once created: i.e. they are energetically conservative or
quasi-conservative. Either chemical bonds (in molecules) or gravitational forces (in planetary systems)
lump parts together. The cohesion of such systems will only be destroyed if internal or external fluctua-
tions/perturbations can counteract these forces. However, and precisely because of their form of cohe-
sion, conservative systems are not good candidates to support agency since: 1) they are not capable of
generating variable internal states by themselves; if left alone they tend to maximal entropy (i.e. maximum

7 Although there is a growing liberal usage of the term that has spread its application to different kinds of assemblages, most
prominently in neomaterialism (Barad, 2007) and actor-network theory (Latour, 2005). But we shall not enter to discuss
them here.
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level of disorder) and all their ordered complexity has been externally pre-defined (in terms of initial and
boundary conditions, not as a result of the activity of the system), and 2) these systems can perform no
work (which, as will be argued latter, becomes central to characterize agency)s.

The other form of stability is that shown by dissipative structures (Nicolis & Prigogine, 1977). It appears
in far-from-equilibrium thermodynamic conditions (FFE hereafter). In a dissipative structure a set of inter-
acting elements generate a cohesive dynamical pattern under an energy gradient in FFE conditions (i.e.
far from the state of maximum disorder to which the second law of thermodynamics brings the system in
the absence of the continuous flow of matter and energy). Examples of this type of system are whirls,
hurricanes, Bénard cells or lasers. In all these different systems a huge amount of microscopic elements
adopt a global, macroscopically ordered pattern in the presence of a specific flow of matter and energy.
Interestingly, their internal dynamic cohesion is not only a consequence of the material features of their
components but also, and most importantly, of a process of circular causality (Haken, 1977). The resulting
macroscopic pattern itself contributes to maintain the dynamical cohesion at the microscopic level: by
dissipating energy, the pattern contributes to its own stability and cohesion. Thus, these systems are able
to generate and maintain, through recursive dynamics, a new way of correlation among their constitutive
elements that otherwise would remain disconnected.

3.3. Dissipative order as self-organization

A dissipative structure is often called a self-organizing system. Yet, the term self-organization has been
controversial since its very origins in cybernetics (Ashby, 1962) and it is important to note that models
and definitions of self-organization are generally domain specific (collective behaviour, chemistry, Artificial
Life, biology, ...). In our case we are interested on the domain that deals with the lower boundary of phys-
ical sciences and we shall adopt, for our purpose, a preliminary definition that is due to Ruiz-Mirazo: “By
self-organization we mean a phenomenon by which local non-linear interactions between elementary
units generate a global behaviour (e.g., a spatial/temporal pattern) that is maintained through a certain
number of constraints, among which—at least—one is a product of that very phenomenon” (Ruiz-Mirazo,
2001). In this sense self-organized systems constitute and emergent phenomena.

A paradigmatic example of this type of self-organization are Bernad’s convection cells (see Figure 1).
These cells appear spontaneously in a liquid layer to which heat is applied from bellow (Bishop, 2012;
Given & Clementi, 1989; Pandey et al., 2018). The initial state of the layer is that of equilibrium and a
thermal conduction that extends from the hot area (bottom of the layer) to the top. As the heat increases,
however, the uniformity of the fluid breaks, small fluctuations are amplified and convection cells start to
form. This cells remain stable and dissipate heat more quickly than thermal conduction does in the equi-
librium phase.

Note that the global pattern (the convection cell) is not instructed (dynamically specified) from the outside,
nor can it be reduced-to or predicted-from the activity of any of its local components (molecules) alone or
to a statistical averga of them. As Collier notes (2004), for self-organization to occur three conditions must

8 The case of human made machines, such as robots, that present an organized conservative order capable of channeling
energy to produce changes on their environments is a particular case that will receive the attention it deserves at the end of
this work. By now it shall be enough to note that these systems require other agents (humans) for their design and continued
existence, which shall prevent us from taking them as a departure point. Note also, following Collier and Hooker (1999) on
this topic, that such conservative systems are fully determined by externally imposed constraints on their design and thus
escape what can be said to be a genuine source of autonomous agency.
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Figure 1: Bénard cells are dissipative structures that appear spontaneously in a liquid layer to which heat is applied from
bellow (A), they are a paradigmatic example of self-organized systems that have been studied through computer simulations
of turbulent dynamics (B); and can be caulitatively studied (C). [Sources: A and C from Wikipedia with CC-By-SA license, B
from Pandey et al. 2018, with CC-By license]

be met: a) an energy gradient across the boundaries of the system must be present so that internal order
can be generated without violating the second law of thermodynamics (this is an external boundary con-
dition)?, b) components must interact recursively and non-linearly so that correlations between compo-
nents can be established (this is an internal microscopic or local property); and c) these local interactions
need to be able to create global attractors, defined by the critical points that separates different dynamic
phases of the system (internal macro-global property). Under an appropriate combination of these three

9 Collier develops a more general notion of self-organization that can be applied across physical and formal or computational
process thus the gradient is an entropy gradient in general and an available energy gradient in the case of physical self-
organization. However at this point we are only dealing with physical self-organization.
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conditions a self-organizing pattern can emerge spontaneously: local fluctuations of interactions between
components are amplified to achieve the global configuration that minimizes local entropy production and
energy dissipation (Nicolis & Prigogine, 1977).

When such global patterns arise, the introduction of the term “self” can be considered appropriate and
justifiable from a naturalist point of view. Two complementary factors determine this selfness: a) that the
collective pattern is not instructed or configured from outside and b) that it is the result of “internal”
activity. As for the first condition Collier concludes: “since the external gradient needs contain little organ-
isation or information of other forms except intropy/exergy, which is statistical in nature, and undifferen-
tiated relative to system organisation in self-organising cases, the process is not externally modulated”.
As for the second aspect, it is the recursivity or circularity (of a pattern that constitutes the condition of
its own stability) what provides a minimal form of self-created, always open and re-created, individuality.
If, under certain boundary conditions (without any organizational or informational specificity) we observe
a dynamic order emerging spontaneously within a very homogeneous system, we may say that, at least
in a very primitive sense, there is here a form of stability that “actively” maintains its own cohesion through
the interaction between its component parts.

In addition, some of these systems might be said to have causal powers not present before the self-
organized process appeared. Think, for instance, on the formation of a tornado where, although its bound-
aries might not be fully distinguishable, there is a well identifiable phenomenon with a genuine causal
asymmetry in terms of the production of changes on its environment (e.g. its destructive capacity), that is
generally not available to the other configurations of the system. Bénard convection cells have also dy-
namic properties unlike those present on its previous homogeneous thermal conduction phase. But
surely, we do not want to call the tornado and alike full-fledged agents yet. However, FFE self-organized
structures provide a first sense of self-maintained identity, a rudimentary form of a recursive self that
results from the cohesive emergence of a higher order dissipative pattern.

Yet, purely physical self-organized systems of this kind are too simple to produce any interesting form of
interactive process with their environments, or to keep themselves going without externally predefined
and controlled boundary conditions. For instance, when the weather conditions change (temperature,
pressure, etc.) a tornado disappears and there is nothing it can do in order to “survive”. The same holds
for Bénard cells, they vanish when the temperature gradient stops. Thus, in order to search for the origins
of agency, we have to look for forms of self-organization able to actively controls some of their boundary
conditions and thus begins to act.

3.4. Towards organized complexity

Among the wide set of self-organized systems, those based on chemical processes are of particular inter-
est, because they allow the construction of complex recurrent organizations through the creation of local
and selective constraints. This is a crucial point and deserves a more detailed analysis. In the physical
medium the process of self-organization is achieved by a huge number of microscopic components, where
none of them contributes specifically to the formation of the macroscopic pattern. The emergent form of
order is the result of undifferentiated and stochastic contribution of the components. For instance, in the
case of Bénard cells there is no specific mode of contribution to the macroscopic pattern that results from
types of molecular components. At most, the density of the water might affect the formation of the con-
vection cells, but density is again a stochastic macroscopic property.
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Although generally considered self-organized it is not easy to find a proper organization in these physical
dissipative structures. The concept of organization usually refers to an integrated disposition of parts or
processes within a system, each contributing differentially to different functions. In the most simple in-
stances of dissipative structures there is only one part (the global or macroscopic pattern) and only one
function (that of constitutive self-maintenance) and the concept of organization loses its meaning?0. It is
in self-organized chemical component production networks where this uniformity is broken and parts (re-
actions) can be distinguished and may come to contribute differentially to the maintenance of the whole.
This differential contribution leads to a dissipative organization with different levels of kinetic and ther-
modynamic constraints (see Figure 2).

Unlike the most generic physical medium, the chemical one permits the combination of both dissipative
dynamic order and conservative structural order, with crucial consequences. On a nested set of chemical
reactions the shape and combinatorial properties of the molecules (properties that belong to the con-
servative order) can contribute differentially to the self-maintenance of the global pattern of a network of
reactions (dissipative order). Although chemical reactions are still stochastic processes, they show a num-
ber of interesting properties:

1. The shape of their components (the molecules) determines their reactive capacities; they can
thus generate different types of reactions that may contribute differentially to the macroscopic
self-maintenance of a network of reactions.

2. The molecules can change or be created combinatorially thus permitting the creation of new
types of reactions.

3. Since some molecules possess catalytic properties (due to the conservative order expressed on
their shape and combinatorial properties) reactions might appear nested in feed-back loops af-
fecting their reaction rates mutually.

4. As a result, molecules that may be randomly created through stochastic collision can be selec-
tively retained if they catalyse, or participate in, those reactions that produced them. In other
words, if a new molecule enters the a network of chemical reactions (either from outside or newly
created as a result of molecular collisions) its concentration will increase if it participates on the
network by catalysing those reactions that lead to its production (i.e. if it generates a positive
feed-back loop of reactions leading to its production).

These four properties that arise in a networked set of chemical reactions can potentially lead to increas-
ingly complex FFE organizations whose stability is defined by a set of environmental conditions and con-
centrations internal to the network.

As Prigogine and Stengers (1984) emphasized, in non-linear chemical reactions (those that appear under
catalytic loops, which are ubiquitous in biological systems) microscopic fluctuations may give rise to highly
specific behaviours of the system and permit to generate more complex dissipative structures than those
found along the “purely physical” domain. Not only is temporal stability broken, leading to cyclic or strange
attractors (defining an intrinsic rhythm), but also spatial homogeneity is broken, leading to spatial struc-
turing. Thus the system determines, intrinsically, its own spacial structure. An interesting intermediate
example between chemical systems and living agency are Belousov-Zhabotinsky reactions (Zhabotinsky,
2007) and reaction diffusion spots (Krischer & Mikhailov, 1994; Virgo, 2011). These systems escape from

10 Even if interpreted that each molecules is a part of the system the problem remains on that not specific individual contribu-
tion exists, the global pattern is the only “function” and components contribute in an undifferentiated way to it.
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what Prigogine and Stengers have called Boltzmann's principle of order (i.e. that the behaviour of a mac-
roscopic system is equal to the mean behaviour of its constituents, a typically reductive stance). The
system appears organized and we can start speaking in terms of local specific states that propagate
across the full systems giving rise to differentiated global states. Mesoscopic relationships appear in
which micro-macro relationships are not just many-to-one (many components interact to produce a single
macroscopic pattern), but many-to-many (differentiated parts generate differentiated global states). We
are thus closer to systems capable of having self-defined internal states while collectively generating a
global cohesion that may ultimately be expressed in terms of agency.

The idea of a network of reactions that, altogether, maintains a dissipative order through the production
of part of the components of the very network is considered by some at the heart of the origin of life and
living organization (Dyson, 1982, 1999; Kauffman, 1993; Maturana & Varela, 1980; Morowitz, 1992,
1999; Ruiz-Mirazo et al., 2004), often grouped under the label “metabolism first school”. Hans Jonas
beautifully expressed the emergent capacity of metabolism as the continuous material re-generation of
an individual (Jonas, 1966, 1968). Thus, the notion of the individual prevails over its renewing constitu-
ents. The identity of a cell (or a human) across time cannot be equated with its underlying material con-
stitution because this is continuously changing. It is instead the organization that persists, the web of self-
producing relationships (metabolism). A view that, although independently (re)conceptualized, came to
have a strong influence on biological and cognitive science through the notion of autopoiesis (Maturana
& Varela, 1980). Additionally, there's an issue of normativity: a network of interdependent, dynamic pre-
suppositions between processes sustains the individual, determining its precariously self-sustaining na-
ture and the emergence of norms that must be satisfied without any law-like guarantee (Barandiaran,
2025; Barandiaran & Moreno, 2008; Christensen et al., 2002; Weber & Varela, 2002). Jonas beautifully
expressed the double dependence-autonomy dialectics that define emergence in contemporary debates
in terms of needful-freedom. The increase on living agentive capacity is accompanied by a increasing
distance between the need and its satisfaction (from animal motility to human imagination). The freer the
agent the more dependent it becomes on specific material configurations and environments, more needs
have be satisfied, the biggest its precariousness and fragility.

3.5. Basic autonomous agents

Basic autonomous agents are those that satisfy the conditions for agency on the most basic metabolic
sense, in the frontier between chemistry and biology (Ruiz-Mirazo & Mavelli, 2008; Ruiz-Mirazo & Moreno,
2004). Protocells (Rasmussen et al., 2008), understood as simple precursors of early living cells, are a
good example of basic autonomous agency. A minimal conceptual characterization of a protocell can be
depicted in Figure 2. A self-sustaining chemical reaction A — B+W, B— C+M, and C+F — 2A. The network
produces itself in a circular fashion in the presence of F intake and waste output W. While doing so mem-
brane molecules M are produces, and self-assemble encapsulating the reaction network into an individ-
ual that is distinguishable from its environment. A sense of function and normativity emerges:

Within this organization, component parts or traits A, B and C and their specific concentrations
dynamically presuppose the “right” concentration of the other components and the specific reac-
tion rates. Metabolite B functions (operates normatively) when its concentration and reaction
rates match the dynamic presupposition of the rest of components for the self-maintenance of
the organization. So, for instance, B needs to produce M at a certain rate for the membrane to
grow or replace decaying M molecules at the speed required to avoid bursting or disintegration.
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M molecules, in turn, need to control the inflow of F at rate sufficiently slow to avoid burst but
sufficiently fast to avoid the A—B—C—A reaction to run down, and so forth in a circular manner.
(Barandiaran, 2025, p. 5)

When we speak of agency we assume that an identifiable system is acting: that it is modulating it coupling
with its environment following a certain goal or norm defined by itself. We have the system and we have
the norms (dictated by the conditions of self-maintenance). We now need a case of this proto-individual
being the source of the interaction with the environment. A minimal candidate is the membrane’s modu-
lation of food input and waste output to ensure self-maintenance and avoid osmotic burst respectively
(Ruiz-Mirazo & Mavelli, 2008). But most identifiable as agentive is usually motion. This is the case of
(proto)cellular (or bacterial) chemotaxis (Barandiaran & Egbert, 2014). When a complexely organized met-
abolic system propels itself with the net effect of selecting higher concentrations of nutrients it is acting11.
It has compelling “reasons” to do so. It needs to eat.
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Figure 2: Minimal functional diagram of a self-producing and self-mantaining system
componesd of metabolites A, B, and C, encycled in a self-producing loop fed by food
molecules F and generating a waste product W, while producing a membrane molecule
M that encapsulates the whole system and constraints food inflow and waste outflow.
The diagram captures [from Barandiaran (2025) with permission and licence CC-By]
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Protocells, bacteria or plants are a long way from holding genuine intentions12, but they need to be treated
as agents, not as a mere collection of colliding particles (although they are made of them). Their con-
stantly renewed material organization is disposed so that its behavior is directed to the satisfaction of

11 Fundamental to this acting are a number of thermodynamic properties of agency that are particularly relevant at the basic
autonomous or metabolic level. Agent’s are capable of channeling energy to produce work, that in turn contributes to gener-
ate the constraints that make possible to channel energy in work-constraint cycles that make it possible to speak of an en-
dogenous source of effort and control of behavior (Kauffman, 2003).

12 See Barandiaran and Rama (2025) for a detailed discussion on what sensorimotor teleology and intentionality requires.
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metabolic needs. And this organization operates in a goal-directed fashion, unlike mechanisms. As Denis
Walsh’s puts it:

“The relation between a goal and the means to its attainment has the same invariant structure as
the relation between a mechanism and its effect, but with a twist. In a mechanistic system the
effect counterfactually depends upon the cause; in a teleological system, the cause (or means)
counterfactually depends upon the effect (goal). (...) In each case—i.e. in mechanistic and teleo-
logical invariances—the counterfactual relation is robust. This means that holding a mechanism
constant, and intervening on the initial or background conditions, produces a systematic differ-
ence in the effect. Similarly, holding the goal of a goal-directed system constant and varying the
initial or background conditions, produces a systematic change in the means. (...) In a mechanistic
system effects counterfactually depend on causes. In a goal-directed system, the causes counter-
factually depend on the goals.” (Walsh, 2012, p. 178)

What holds these goal-directed counterfactual relationships together is the complex metabolic organiza-
tion that produces, selects and modulates different means to achieve a given goal (for a similar account
of non-metabolic sensorimotor goal directedness see Barandiaran & Rama, 2025).

4. Agent causation and the scientific understanding of the world

Agentic-talk and explanation of what agents do (from living cells to intelligence agencies) is scientifically
necessary. And justifiably so. It involves explanatory resources unlike those of classical physicalist vocab-
ulary: instead of events we speak of actions, instead of laws we talk or norms, instead of equilibria we
talk of goals, instead of forces we talk of intentions. Agentive vocabulary is handy and useful, mostly
because we are agents ourselves and can project our agentive self-understanding to other systems. We
sometimes “incorrectly” apply this explanatory framework (such is the case of attributing intentions to
moving shapes on a screen when they seem to “try to catch” another shape13), sometimes “correctly”,
attributing agency to systems that do actually posses agentive powers (from dogs to governments, to other
humans). But how do we sharply justify the distinction? | have suggested (accompanied by a myriad of
philosophers and scientists) that genuine agents exist as emergent autonomous organizations that pro-
duce and sustain themselves in FFE conditions, as organized and complex networks of functionally dis-
tinct yet integrated wholes. When these systems modulate the interaction with their environments to sat-
isfy the needs or goals determined by their own organization, they become agents.

Eliminativists will hold that there is “really” not such a thing as agency: our world is simply populated by
physical interactions that deserve no genuine distinction beyond that which is perhaps convenient for our
limited minds to enjoy some sort of cognitive economy (as a shortcut for a much complex fine grained
explanation). But, they shall argue, agentic explanations depict no real difference on what lies out there.
(It would rest to explain why, under which circumstances and to which degree, does this convenience hold
in some cases and not in others.) Alternatively, one can take a stronger stance and claim that agency
marks a real difference between types of systems, forms of causation and the accompanying epistemic
strategies we need to deploy to understand them.

13 This attribution of intentionality, finality or teleological properties has been documented for a long time (Heider & Simmel,
1944) and starts as early as with 12months of age (Csibra et al., 2003).
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When we have a physical filter (like when you sift flour with a sieve) and we want to predict the final
distribution of particles at one and the other side of the filter, we see that it is both the variation in particle
size and motion of the filtered particles, and the structure of the filter that matters to the explanation.
However, the most important part of the explanation is not about the motion of different sized particles,
but the structure of the filter. It is the selector of lower level variations that is the cause of certain particles
crossing to the other side, and therefore creating an asymmetric distribution of particles. Also, we gain
little by attending to the position of each particle on a filter, like a sieve. It is enough to fix a number of
assumptions (e.g. that the size of sieve covers the flour, that the sieve will not brake, etc.) and the size of
the wholes on the sieve (the structure of the filter) to accurately describe and predict the system. Shake
it for enough time and those particles, and only those particles, that are smaller than the wholes on the
filter with pass. What is the main causes operating to explain the uneven distribution of particles? The
structure of the filter. We gain nothing by eliminating the filter from the lower level analysis of the particles.
And we gain a lot of explanatory power.

This logic also applies even more strongly,to emergent autonomous agency. Again, self-organizing systems
can provide an illuminating intermediate illustrative step, like in Bénard cells. There, the emergent pattern
selects the motion of the constituent particles. Yet, unlike a simple sieve filtering flour, here the selector
and the selected are part of the same system, and it is the holistic emergent organization that acts as the
cause. That emergent organization must be invoked to explain the resulting selective effect. Is the whole
organization different than the detailed understanding of all its constituents and all their relationships?
No. Is it reducible to any aggregate mean, individual property of constituents, or part of them, other than
the totality? No. Is there a macroscopic pattern that is explanatorily relevant, regular and responding to a
“logic” of its own macroscopic phenomenology (at an observable and, at least in principle, manipulable
level)? Yes. Then we have a genuine case of emergence. Evolutionary, developmental and ecological fac-
tors increase the complexity of basic forms of autonomous organizations. Internal and external fluctua-
tions are selected and functionally integrated in organizations they contribute to sustain in a circular, ever
more structured, whole, that progressively subtracts itself from the physicalist reductive explanations of
the laws governing its constituents14,

This is true of a bacterium moving up a sugar gradient, and of yourself seeking a glass of water. Local
lower level fluctuations, endogenous or environmental, get selectively amplified by the dynamic organiza-
tions they contribute to. This happens at the scales of metabolic reaction networks, genetic regulatory
networks, multicellular tissues, ant colonies or electrochemical brain dynamics in embodied interaction
with the environment (including other agents). It is in this last domain where we find and identify ourselves
as cognitive and intentional agents (Barandiaran, 2007, 2008; Di Paolo et al., 2017; Barandiaran &
Rama, 2025).

When cognitivism adopted a mechanistic worldview, assuming the primary function of the mind was to
represent nature, the problem of agency surfaced in the philosophy of mind (Davidson, 1980; Frankfurt,
1978). How are mental representational mechanisms, as mere sequences of causal events, capable to
ground agency? What is their relationship with physical mechanisms of other sorts? Where is the agent if

14 Note that when we apply physicochemical laws to explain a given phenomena we don’t just do it. This application is often
accompanied by a set of conditions and constraints that pass inadvertently: scales, boundary conditions, space-time limits,
etc. In organizational emergence the amount of this kind of auxiliary information and its interactions is gigantic compared
to the role taken by the physical laws at play.
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only a sequence of causal events produces an action? These problems dissolve if we assume that emer-
gence pervades physics and that agency emerges from organized physicochemical processes, in a man-
ner that is not reducible to mechanistic terms, while remaining open to further complexification.

Human agency, free will, or personal autonomy are not anchored on an abstract rational space, but deeply
materially embodied on nested and meshed domains of emergent organization: psycho-chemical, biolog-
ical, neurodynamics, social, etc. Surely human brain-bodies and societies are, to some degree, capable
of materially abstracting relations and reasons. But such abstraction admits no clean ontological cut from
their substrates. If we look at it from the lenses of complexity and self-organization, the human mind
emerges from the physical interaction between brain, body and environmental processes (Chemero,
2013). A detailed account of human autonomous agency (or freedom) is out of the scope of this paper.
But all forms of agency (including the human one) respond to the same underlying logic. In line with our
explanation of the emergence of autonomous agency, we can argue that environmental, bodily and neural
(probabilistic) microscopic fluctuations are selected by the agent as a macroscopic emergent entity, bring-
ing about an act of self-determined agency (we might call free-will), that is latter integrated on its own
organization. In fact, turbulent-like dynamics, similar to those we previously used to characterize emer-
gence of Bénard cells, are also present in the brain and have been shown to importantly contribute to
brain function (Deco & Kringelbach, 2020).

What matters is not the antecedent event, nor (all) the physical laws that are applicable. But the way in
which a given recursive organization, selects local (deterministic, stochastic or quantum undetermined)
fluctuations of its constituents to channel them into a goal-directed action. Instead of antecedent and/or
physical determination, it is rather self-determination that agency calls for: the fact that we need to attend
to this self, its organization, its mode of constitution, its needs and precarious existence, its raison d’etre,
to understand what is to happen next.

Were we not to pay attention to this specific agentive organization, its identity and goals, we would have
to simulate or compute the whole universe to predict its next move. What any given agent is potentially
sensitive to and seeks to achieve is inherently open to its environment in multiple manners (Barandiaran
& Etxeberria, 2026). And these potential sensitivities and goals are only specified by its own organization:
they are non-deducible from any set of generic physical or chemical laws, nor from the constituents that
are continuously being renewed and (re)produced and modified by the very organization.

After all, a simple whisper, or the shine of a star (the sun), can trigger a persistent intentional travel. We
don’t need to postulate the existence of an immaterial will, and we can’t skip the whole organism, its
particular mode of organization (functional differentiation and integration) by reducing it to physico-chem-
ical laws. We, being agents ourselves, need to acknowledge that in this universe, autonomous agency
emerged. And that is a good reason to care for it. Something that only agents can do.
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