Strange (mental) machines.
About computation, protocognition and Artificial Life

Fernando Rodriguez-Vergara'?, Adam Rostowski! and Phil Husbands®

LAT Research Group, University of Sussex, UK
2Sussex Centre for Consciousness Science, University of Sussex, UK
f.rodriguez-vergara@sussex.ac.uk

Abstract

Enactivism has had an important conceptual influence on Ar-
tificial Life. Its notorious mind-life continuity thesis is a fun-
damental idea that once sustained much of the theoretical
framework, but has recently lost support, explicitly in cog-
nitive science, and by omission in Artificial Life. Alterna-
tive computational accounts, however, do not seem capable
of filling the vacuum it leaves behind, given that according
to the Church-Turing thesis, the limit of what is computable
is bounded by Turing machines (regardless of the specific in-
stantiation, such as cellular automata, deep, spiking or any
other form of neural networks, or even quantum computers, to
name some well known cases) and that computable functions
formally describe the notion of mechanism, every organismic
process that determines a consistent response should be both
limited to Turing-machine capabilities and amenable to for-
malization. This impending issue, namely, the relation among
life, cognition and computation as the hypothetical elements
of the mind, is particularly pertinent and highly relevant for
Artificial Life. Moreover, although it is often overlooked or
omitted for practical reasons, it will probably define, or so we
argue, the direction of future research in cognitive science,
artificial intelligence and related fields.

Introduction

For around half a century now, a biological approach to cog-
nition has slowly but surely influenced our understanding
of cognitive phenomena, shifting previous conceptions from
a rather anthropocentric and representational view, to one
where the mind appears deeply entangled with life (Varela
et al., [1991; Boden, 2009; Di Paolo et al., 2017; Lyon and
Cheng| 2023). This has instigated reconsideration of funda-
mental notions such as intelligence, behavior, computation,
cognition and life.

This conceptual shift has influenced different areas of
cognitive science and related disciplines, such as compara-
tive cognition (Wasserman, {1993} Shettleworth, [2012; Beran
et al, 2014; [Levin et al.l 2021), theoretical biology (Lyon,
2004, 20065 |Keijzer, 2015} Levin,[2023), minimal/basal cog-
nition (van Duijn et all [2006; |Garzon and Keijzer, 2011}
Lyon and Cheng, [2023)), bioinspired artificial systems and
robotics (Brooks), 1991} |Cliff et al.,|1993; |Beer, |1995; Webb),
2002; Harvey et al., 2005), and where the establishment of

the field of Artificial Life (Aguilar et al.l 2014} [Pigozzil
2023) can be seen as a crystallization of this process.

Although artificial life has consolidated itself as a field in
its own right, it still bears strong conceptual ties to its theo-
retical mother branch: enactivism. (Varela,|1997;|Gallagher,
2023). While there are plenty of discrepancies within the en-
active framework (Barandiaran, 2017; Ward et al.,|2017};Ru-
bin, 2023)) (some of which we will briefly revise in the fol-
lowing section) there are central concepts, like autopoiesis
(Maturana and Varela, [1973} Stano et al., 2023} |Gershenson
et al., 2020) and autonomy (Maturana, |1975} |Varela, |1979),
which are conceptually related, to varying degrees, to all of
them. Similarly, concepts like embodied, embedded cogni-
tion, enaction and sense-making were introduced to cogni-
tive science by |Varela et al.|(1991), forming the foundations
of enactivism’s account of what it is to be a living system,
of their very nature. (Varelal [1997;Thompson, 2007; Froese
and D1 Paolol 2011 |[Hutto and Myin, |2017; D1 Paolo et al.,
2017). This is the main reason why, for enactivism, life and
mind are intimately entangled.

The life-mind relation is not an exclusive concern of en-
activism (Boden) 2009). Other approaches, such as min-
imal/basal cognition (Lyon, 2004} 2006} |Garzon and Kei-
jzer,|2011};|Lyon et al.l 2021; Lyon and Cheng}, [2023} |Levin,
2023)), active inference (Clark, [2013; |Seth and Tsakiris),
2018}, |Pezzulo et al.| |2024), and the Free Energy Principle
(Allen and Friston, [2018; Wiese and Friston, 2021} |Bru-
ineberga et al.|2022)), have stemmed at varying degrees from
the notion of autopoiesis (Maturana and Varela, |1973||1987)
(inasmuch as life is considered to be the source, or the do-
main of cognitive phenomena). The key difference, nonethe-
less, has to do with the degree of commitment to a sentient,
phenomenological kind of mind, from which non-enactivist
accounts usually prefer to remain more or less agnostic in
the context of basic living systems (e.g. bacteria, or trees).

Furthermore, there has been a relatively recent theoreti-
cal push to reconsider some aspects of cognition in terms of
pure raw mechanistic properties that might be implemented
ubiquitously and independently of life. That is, as multiple
realizable processes implemented by living organisms, with-
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out being exclusive to them (McGregor and Virgo, 2011}
Villalobos and Dewhurst, [2017; [Duenas-Diez and Perez-
Mercader}|2019; | Villalobos and Palacios, [202 1} [Egbert et al.,
2023} Baltieri et al., 2023 Bowes, 2023}; |[Lopez-Diaz et al.,
2024) — prefiguring a return to computationalist ideas in cog-
nitive science (Newell and Simon), [1976; Newell, [1980).

Insofar as we understand cognitive properties as mech-
anisms underpinning intelligent capacities and/or behavior
exhibited by living beings, while acknowledging that these
mechanisms are consistent regularities that can be described
computationally, the confrontation between computational
and phenomenological aspects of life becomes unavoidable.
Thus, given the continuous developments in artificial intel-
ligence, the exploration of the theoretical relation between
life and mind is evermore pressing. Indeed, Artificial Life
will probably play a central role as an eventual arbiter to this
dilemma.

In this context, we begin with a general review of one
major fault line within enactive cognitive science, focus-
ing on differences in views on the life-mind relation, before
re-evaluating these divergences under different notions of
computation, emphasizing the concept of (cognitive) mech-
anism, insofar as a consistent regularity that is necessary for
all intelligent behavior.

Then, we examine the relation between cognition and
protocognition, explaining the importance of delimiting be-
tween those properties exhibited by living beings (cognitive)
and those which do not, but that enable intelligence while
pre-existing life. These, therefore, are necessary, but not
sufficient for cognition and thereby we conceive and refer
to them as proto-cognitive properties. Finally, we present
a brief summarizing discussion in the context of Artificial
Life, to emphasize the importance of future research in this
direction.

The Enactive conundrum

In a nutshell, the gap between (algorithmic) mechanisms and
human experience has been a source of conflict in enactive
cognitive science (Ward et al.| 2017 Barandiaran, 2017} Vil-
lalobos and Palacios| 2021} |Gallagher,[2023). As we will see
in this section, this has fragmented the enactivist landscape
into some different positions.

Bioenactivism

The attempt to reconnect formal developments in cogni-
tive science with phenomenological insights, is particularly
true for bioenactivism. Variously called ‘autopoietic’, ‘tra-
ditional’ or even ‘hardcore’ enactivism, bioenactivism bears
a fundamental commitment to the idea that life, or maybe
better, the striving for survival, is the ultimate source of the
mind (Varela, [1997; Weber and Varelal [2002; [Thompson,
2005}, 12007; Navel, [2022; [Rostowski, [2022). Central to this
turn is both the philosophical influence of phenomenolog-
ical authors like Husserl, Merleau-Ponty (Merleau-Ponty,

2012), and especially from Jonas| (1966), whose ideas set
the basis for the life-mind continuity thesis (i.e., the idea
that mind emerges from the living), and, on the introduction
of new concepts and reformulations of problematic assump-
tions from the original ideas of autopoiesis (Di Paolo}, 2005}
Villalobos and Ward, 2016} Barandiaran, [2017), still very
much part of the ideas in|Varela et al.|(1991)).

Subscribers to stronger, or more traditional, versions of
the life-mind continuity thesis hold that research in auton-
omy (in the strict enactive sense of a specific mode of oper-
ational closure inseparable from an embodied sensorimotor
profile) forms a basis for understanding the emergence of an
experiencer from subjectless systems (Varela, [1991} [Stew-
art, |1996; Thompson, 2007} |[Barandiaran| 2017} Kirchhoff
and Froese, [2017). Put another way, the constant threat of
disintegration would bootstrap a need for and course of ac-
tion into self-individuating systems, towards energy sources
and away from potential hazards. Therefore, insofar as this
displayed intelligence involves the (continuation of the) ex-
istence of the system itself, living organisms will be a spe-
cific class of autonomous systems, endowed by the built-in
imperative to keep existing, hence with teleological behavior
(Weber and Varelal, [2002; D1 Paolo, [2003}; [Froese, [2021)).

A fundamental guiding assumption for bioenactivism is
that autonomous sensorimotor systems are agents, so capa-
ble of actively and asymmetrically determining their behav-
ior (Barandiaran et al.| 2009; Buhrmann and D1 Paolo, 2017}
Di Paolo et al.| [2022)) and, in this respect, being particularly
critical of purely sensorimotor based accounts of experience
(D1 Paolo et al., 2017} p.29-32) and the notion of a blind and
brittle structural coupling in autopoiesis (D1 Paolo, [2005)).

Adaptivity (Di Paolol 2005 Barandiaran and Moreno,
2008), along with the notion of precariousness (Di Paolo
et al.l |2017; Beer and D1 Paolo, [2023)), in this context, be-
come key to the attempt to fill the spaces from |Varela et al.
(1991), by supplementing autonomy with intrinsically moti-
vated adaptive behavior. More specifically, given that the
viability conditions for autonomous agents are rooted in
the nature of their specific operational closure, the intrinsic
source for regulation of their behavior would be to remain
within viability bounds (Di Paolo et all 2017, p.120-121).
This would be accomplished by means of their adaptive ca-
pacity, so by actively monitoring, evaluating and regulating
their own states and their coupling with the environment
with respect to their intrinsic normativity (Di Paolo et al.,
2017, p.122-123). In other words, cognition is, or is realized
through a sense-making operation that requires autonomy
plus a graded normative adaptivity, underpinned by viability
conditions and this would bring forth a phenomenological
world of affective forces (Nave, 2022).

Also from D1 Paolo et al.|(2017): ” Adaptivity is the capa-
bility of an autonomous system to respond to tendencies in
the trajectories of its states and its relations to the world, so
that when these tendencies approach the boundary of its own
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viability the system modulates its coupling with the world in
a way that tends to avert the crossing of this boundary.” (em-
phasis added).

At this point, the problems resurface, however, because
even if the overall theoretical framework offers a robust
bottom-up elaboration, its commitment to the premise of
teleological intentionality entailed by the autonomy of liv-
ing beings, inevitably leads to arguments being cast in such
terms (Villalobos and Ward, 2016)). In fact, once we reeval-
uate computational descriptions, we can see that where such
modulation occurs we can expect the sorts of reliable regu-
larities suitable for survival, describable as mechanism, and
mappable onto input-output relations.

For example, let’s consider the idea of adaptivity as a pre-
condition for sense-making — the processes by which ex-
ternal entities or events become meaningful to an agent so
that evaluation of the possible consequences of an interac-
tion in terms of viability conditions would endow meaning
to it. Albeit alluring, this idea still requires an explicit ac-
count of how a basic organism would evaluate its own states
and its interactions with its environment.

If evaluations are made by computational processes (by
means of coherent structural changes, acting as mecha-
nisms), then the problem is that structural changes are sup-
posedly evaluated in semantic/meaningful grounds, but then,
any sort of evaluation would require more structural changes
itself, thus implying new evaluations and so on ad infinitum.
If, on the other hand, we presuppose some phenomenologi-
cal property, where would this come from outside or beyond
cognitive mechanisms? If we were to consider an indepen-
dent system performing such evaluations, wouldn’t that take
us to an infinite regress? Otherwise, if monitoring and eval-
uating can take place by following purely blind mechanistic
processes, could we still think of a mind? or are we expect-
ing something more? If something else is missing, what is
it?

Radical enactivism

According to the Radical Enactive Cognition (REC) ap-
proach, notions like evaluation, sense-making or genera-
tion of meaning in basic minds have unavoidable represen-
tational requirements which have not been properly justified
(Hutto, 20055 Hutto and Myin, 2020, 2017, chapter 4). REC
posits a vision not only devoid of representations for sim-
ple minds, but of meaningful intentionality as well (as liv-
ing Bittorios, so to say). Accordingly, cognitive behavior
is characterized as a strict organism-environment informa-
tional covariance, solely the consequence of biological evo-
lutionary forces, along with the adaptive ontogeny character-
istic of living forms. Hence there is no need for an ‘agent-
ghost in the machine’ guiding behavior by making judge-
ments, or as Hutto and Myin put it: "Why should simply
having a biohistory [...] be thought to entail the existence of
any kind of semantic properties?” (Hutto and Myin, 2017|

p.111).

To fill the void left by removing the sense-maker from
the equation, REC has introduced the concept of ur-
intentionality, an hypothetical information-based, primitive
and goal-oriented tendency to action. Ur-intentionality is
thought to have a biologically based normative dimension
and to be adaptive during the life of an individual, so even if
devoid of (meaningful, contentful) intentionality, it accom-
modates the notion of directedness by appealing to an organ-
ismic sensitivity to environmental features (Hutto and Myin,
2017}, chapter 5). In simple words, ur-intentionality can be
depicted as a non-contentful correlation of the internal states
of an organism an its environment, very close to the idea of a
blind organic machinery (Gallagher, 2023). Thus, similarly
to how the rings in the trunks of trees are the manifestation
of a system-environment coherence (a biohistory of correla-
tions), simple organisms would correlate behaviors with par-
ticular external circumstances. Notwithstanding, the funda-
mental difference would be given by the posed goal-oriented
nature of the actions of the organism as a whole: a fly avoid-
ing an obstacle would not need meanings, but a set of bio-
logical norms for global behavior (hence, the importance of
the normative dimension) (Hutto and Myin, 2017).

Roughly speaking, the argument is as follows: let’s con-
sider the idea that there is no global mind emerging from
life itself, so that, at least minimal living systems can be
conceived of as incredibly fine tuned evolutionary ensem-
bles of individuals (a sort of colony) that has evolved to act
together as a whole, but where there is no collective overall
sentient system. Why do they remain together? or better,
why/how did they go through such a process of amalgama-
tion? Simply because it was beneficial to all the previously-
independent individuals, to the extent that they became not
only strongly interrelated, but also heavily interdependent.
So, while a flock of birds can separate and join again going
through successive instances of self-organization and they
can still live as individual systems, the former type, after
some critical no-return stage of evolutionary amalgamation,
cannot.

An organismic convergence of this kind must not only
bind sub-organisms together physically, but more impor-
tantly, behaviorally. In this sense, the primal natural selec-
tivity of the individuals must give place to a combined se-
lectivity that progressively overrides/coerces them (i.e., the
emergent organization), establishing an organismic intrinsic
coherence that results in the appropriate behavioral patterns
that we are able to observe from the amalgam. It is this
emerging selectivity, which becomes specific to the survival
of the whole over that of the individuals, that would boot-
strap ur-intentionality, because the behavior of the system
is now objectively directed towards the distinctions arising
from the emerging selectivity. There wouldn’t be a need for
a global mind whatsoever and there wouldn’t be any real
intentionality either, not because there’s no directedness to-
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wards/about an object, but because there’s no observer that
could hold an impression about such an object.

By stripping autonomy of the idea of some property
‘pulling the strings’ behind sense-making, REC offers a
principled and naturalized understanding for the origin of
cognitive behavior (as of sense-making). Unfortunately, it
does not provide us with a concrete explication of the mind,
or less even of phenomenological experience in an analo-
gous manner. And it is at this point where the problem
becomes profoundly evident; by voiding autonomy of life
from a unified mind, that could become the observer, radi-
cal enactivism has left us (even if with a clearer picture of
the cognition-to-sentience gap) almost in the same place as
before (Rowlands, 2015} |[Abramova and Villalobos, 2015)).

In this sense, there is no clear bridge from a hollow
organismic machine as depicted by REC to some evolu-
tionarily subsequent cognitive property that could turn ur-
intentionality into meaningful or contentful intentionality,
because even if we were to consider a perfectly/fully amal-
gamated system (hence with absolute global selectivity and
directedness, as in autopoiesis) we would be taken back to
the original conundrum. Put differently, a better understand-
ing of the mechanisms underpinning life not only does not
seem to be helpful to understand the relation between life
and mind, but it appears to increase the gap between them.

Back to autopoiesis

From an even more radical stance and mainly based on a
strict alignment with the strict naturalism defended in the
original ideas from autopoiesis (Maturana and Varela, 1973
1987; Maturanal 2002, |1994), the Autopoietic Theory of
Cognition (ATC) posits a view of cognition as structural
processes that do not necessarily involve phenomenological
properties (i.e., meaning, sentience, consciousness, etc.) un-
til the much later appearance of higher order social capaci-
ties, specifically of language (Villalobos, [2013bj [Villalobos
and Silverman, 2018 |Villalobos and Palacios, [2021). The
theoretical inclusion of teleology (i.e., purposeful or goal
oriented action), underlying notions like adaptivity, norma-
tivity or agency imply a kind of system control and regula-
tion, which are based on properties beyond natural phenom-
ena (so beyond their mechanistic biological nature) (Villalo-
bos|, 2013b; |Villalobos and Ward, 2016) and, therefore, be-
yond scientific descriptions.

Furthermore, it is suggested that directedness, the prop-
erty attributed to a goal-oriented organism as a whole, is
rather an illusion, created by our anthropocentric way of
conceiving the world, like previously thinking the sun went
around the Earth, or of a virus looking for hosts to invade.
On this thinking, life wouldn’t be any different; it may seem
to us that living systems act towards their environments, but
only because it is natural (for us) to perceive them so, given
our preconception of life, besides the intractable complexity
of their internal dynamics (Abramova and Villalobos| 2015;

Villalobos and Ward|, 2016} |Villalobos and Palacios, [2021)).
In other words, the construction of any form of coherence
between the recursive network of processes and whatever is
not the network itself, amounts to a blind convergence by
blind mechanistic operations, hence, along the same lines of
Maturana and Varela| (1973)).

Basically, ATC sees in enactivism a form of wishful think-
ing about simple organisms, as if they were something more
than very complex evolutionary machinery. As a matter of
fact, as taken from this view, the ideas posed by REC can
actually be taken further, not only to characterize behavior
as devoid of intentional semantic content, but also of any un-
necessary notion of global directedness — hence of any kind
of intentionality as well (Villalobos,[2013a). Simply put; no
mind we can refer to, no active or passive experiencer, no
ghost in the machine at all.

Pervasiveness of computation

Perhaps ironically enough, this return to autopoiesis can be
seen, within a broader context, as a return to a new form of
computationalism.

On the one hand, this is different from the idea of men-
tal representations as envisioned by cognitivist accounts
(Newell and Simonl 1976)), which required for objects to be
internalized, hence conceived somehow as mental equiva-
lents of photographs or video recordings. Essentially, cog-
nitive functions were considered to be operating over mir-
roring symbols of the world outside. This, however, would
entail that mental representations shared some fundamental
(objective) truth across every cognitive system capable of
instantiating these symbols (Fodor, |1975; [Mart} |1982) in or-
der to correctly internalize them, which seems like a trivial
impossibility nowadays. In simple words, the crux of the
problem is two-folded, because a system thus conceived not
only had to instantiate abstract representations through sym-
bols, but also and fundamentally, their structured predicates
had to be logical truths of the real world

Ideas of functional closure as proposed in |Maturana
(1970); Maturana and Varelal (1973, [1987) rule out this
paradigm, because the subjective take of any cognitive (and
protocognitive) system would make impossible a truthful
representation of any kind. As noted by [Dell (1985)), these
systems are of the same kind as those described by |Ashby
(1956)): thermodynamically open (insofar as their processes
involve a constant exchange of energy with their surround-
ings), while informationally closed, in the sense that, be-
cause of their self-referential nature, functionally speaking,
information from their environment is relational, therefore
fundamentally subjective (Maturana, {1970; Maturana and
Varela), 1973; [Maturana, (1975 (1987, [2002; |Varela, [1979).
This is the principle underpinning the idea that autonomous
systems have no inputs or outputs, which, however, does en-
tail that their processes cannot be formalized computation-
ally (see|Villalobos and Dewhurst| (2018) for a more detailed
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explanation).

While in autopoietic accounts this was still underdevel-
oped, leading to a view of absolute closure, by which
each system would basically have a fully independent in-
ternal perspective (Maturana, 1988}, [Varelal [1994), enac-
tivism solves this conundrum through the concept of enac-
tion, whereby the interpretation a system performs is the
consequence of a system-environment coherence; the sys-
tem has its own intrinsic logic, but its ongoing interaction
with the environment imbues this logic with an external
component which is not objectively truthful, but it is logi-
cally consistent.

It is in this sense, and insofar as any form of consistency
of this kind can be formalized as a set consistent regularities,
which will therefore require a physical structure that sup-
ports it (this is the role of embodied cognition in enactivism),
that it can be described and conceptualized as computation
(Putnaml, [1960; [Piccinini and Scarantinol 2011} [Villalobos
and Dewhurst, 2017 Korbak, 2021)).

As explained by |Villalobos and Dewhurst| (2017); |De-
whurst and Villalobos| (2017), computation, in this very
general sense, does not necessarily involve representation,
hence, it is possible that the intelligence exhibited by cogni-
tive systems can be understood as computational, or at least,
it is not theoretically opposed to notions like autonomy. This
rather general idea of computation is somehow related to the
notions of mechanical process and effective method which
were developed in mathematical logic in the 1930s and out
of which grew the more specific notions of computation that
we are familiar with today (Turing} |1950; |Copeland, |1993)).
Along these lines, computation would be the mathematical
label or description for consistent mechanisms and processes
that appear to be multiply realizable.

This seems bolstered by mounting evidence that compu-
tational processes can be realized by chemical reactions in
the absence of living or even autonomous systems (Perez-
Mercader et al., 2013; |Duenas-Diez and Perez-Mercader,
2019; |[Lopez-Diaz et al., 2024) and the fact that non-living
physical systems are capable of exhibiting behaviors of the
kind that we associate with life (Hanczyz and Ikegamil |2010;
McGregor and Virgol 2011]), thus hinting that intelligent be-
havioral patterns precede and are subsumed by-, or maybe
better, forged in-, living systems (Egbert et al., 2023)).

Furthermore, this is also supported by cases where robotic
models display proper responses to the point that they can
help us predict the behavior of the animals they are modeled
after (Beer, [1997; Webb, 2001, [2002; Baddeley et al.,|[2012)),
reaffirming the point that computation (insofar as mathemat-
ical descriptions and algorithmic implementations) seem to
capture a fundamental mechanistic dimension of life, also
posited by autopoietic theories. All this, within a broader
framework oriented to an understanding of the principles
of life and cognition in computational or multiple realizable
terms (Agtliera y Arcas et al., 2003; [Sayamal, 2008} [Razeto-

Barry}[2012; |[Korbak, 2021; Rouleau and Levin,, 2023} |Goni-
Morenol, 2024} [Lopez-Diaz et al. |2024)), has configured a
sort of new computationalist approach, against other po-
sitions that consider life to be a special and irreplaceable
substrate for the mind (Maturana, [2002; Thompson, |2007;
Wiese and Friston, [2021} Seth), 2024)).

This, of course, does not mean that living systems are
computers operating with the same logic as, for instance,
a Von Neumann architecture, but that there is a logic under-
lying their ongoing changes, even if this logic is fundamen-
tally intrinsic to them. The main point that is important to
emphasize is that, what we understand as intelligence, has to
be consistent to some degree, so that the mappings that pro-
duce some behavior (perceptual, motor, or of any kind) will
produce it reliably, otherwise any form of coherence would
be lost at the exact moment the process ends.

Given that the structural transformations involved in even
minimal intelligent behavior demand consistency, as the
behavioral mechanisms producing appropriate responses
would otherwise not be possible, then what differentiates in-
telligent systems would be the particular logic underpinning
these consistent processes, without which they would not
exhibit systematic behavior. Thus, problems and ideas in
principle restricted to information theory and computer sci-
ence may prove relevant to every sort of intelligent behavior
and, hence, to cognition and life after all.

To be clear, and building on the thought experiment pro-
posed by [Baltieri et al.|(2020); if we were to consider a Watt
Governor, would we say that it is performing computations
when regulating pressure and heat? As noted in |Bermudez
(2022)), the hypothetical implementation of an algorithmic
Watt Governor would be by far worse than just leaving the
device to operate on its design alone. On the one hand, the
conflation between some system’s behavioural and compu-
tational descriptions, seems to arise from ascribing goals to
processes that presumably do not have any. On the other
hand, and more importantly, when we speak of something
being Turing computable, we do not mean that its physi-
cal implementation is necessarily performing computations
(perhaps apart from some actual computational device), but
that its operation can be abstracted mathematically as a se-
quence of concatenated operations that do not require a mind
(i.e., someone thinking or making decisions), even if the ac-
tual implementation of such mathematical description may
be far more inefficient!

The crux of the issue is that, whatever the model for some
cognitive function, since all models are abstractions of reg-
ularities underlying some observable phenomenon, then by
definition it will be restricted to computational descriptions
in this very general sense. Firstly, due to our understand-
ing of reality in terms of causal relations, and secondly, by
the very nature of the mechanisms that cognitive systems
require.

In this same vein, we can consider the following example:
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a Turing machine, or any automata for that matter, follows
instructions from a state table, however, as we know, living
beings do not to have a state table of that sort. Autonomous
systems do not need a state table, because their structure is
in itself an embodied encoding of the instructions for be-
havior, and these instructions are distributed through all the
parts/states of the physical system. After all, the metaphoric
state table is a way of saying that there will be a consis-
tent mechanical progression of states depending on the sym-
bols in the tape (the tape in this case would be the incom-
ing signals from the environment), which is the case for au-
tonomous systems.

Essentially, the central notion at stake is that of mecha-
nism, insofar as a consistent procedure. For if there were no
mechanism to determine the changes of a system (its behav-
ior), there wouldn’t be a way for that system to enact consis-
tent responses, leading to random or arbitrary changes and
presumably to a fast entropic decay; intrinsic coherence and
organization require consistency to begin with.

Thus, while we needn’t expect living systems to carry
out computations in the same way as the model that for-
malizes them, the premise is that the sort of adaptive, in-
telligent behavior we associate with life must be cemented
over a biological generation/instantiation of (cognitive) reg-
ularities that can be described by recursive formal languages
and theory of computation. In short, because life requires
an order that implies consistent mechanisms, and because
algorithms are descriptions of syntactic operations that for-
malize this notion of mechanism, anything non-algorithmic
(not describable in terms of Turing-machines) wouldn’t, at
least in theory, be suitable for the coherence needed for life
and cognition.

Cognition and protocognition

As we have seen so far, there is a fundamental tension at the
core of enactivism and much of the rest of cognitive science,
concerning the relation between life, mind and cognition. In
brief, the cause for this is the bioenactivist purported men-
tal properties attributed to living systems, for intentionality,
adaptivity or agency, in theory underpinned by their precari-
ous nature and therefore their need for continuous gathering
of energy sources for their dynamic realization (Weber and
Varela, [2002; D1 Paolo| 2005; [Thompson, |2007; D1 Paolo
et al., 2017; [Froesel |2021§ (D1 Paolo et al.| [2022).

At least from our point of view, even if this seems sensi-
ble, it also seems, as more radical positions put it, unnec-
essary and not properly justifiable if we limit ourselves to
naturalist descriptions (i.e., by purely looking at the physi-
cal mechanisms present in their processes) (Maturana, 2011}
Hutto and Myin, 2017; |Villalobos and Palacios| 2021). It
seems somehow to be a wish to endow life with meaning,
or to bestow a phenomenological soul to living beings, from
the valuation we as humans make from our wonder as we
confront it.

In this sense, regarding the hypothetical relation between
consciousness and mind, if by mind we understand some-
one or something that experiences the very fact of its exis-
tence somehow, even if minimally; We believe that, given
the current available knowledge, it is not only prudent, but
also sensible to remain agnostic.

On the other hand, while the theoretical framework of
the autopoietic approach to cognition strikes us as the best
option to build from, because of its emphasis on the mate-
rial coherences of cognitive processes(Maturana and Varela,
1973, [1987; |Villalobos and Silverman), 2018 |Villalobos and
Palacios, [2021)), by reducing cognition to consistent struc-
tural dynamics, it conflates properties that, from our per-
spective, require conceptual delimitation.

In our view, whatever life is, it is clearly something be-
yond autonomous dynamics. And it is therefore appropriate
to label the specific kind of intelligent behavior organisms
exhibit as cognitive behavior, inasmuch as the processes
they realize surpass by far simple system-environment co-
herence and consistent interpretation-response mappings
(Lyonl 2006; |Allen and Friston, 2018; [Lyon et al.l 2021}
Levin et al.| [2021; [Wiese and Friston, 2021; Lyon and
Cheng, 2023)). It does not follow from this, however, that
they can be said to have a mind (so sentient and purposeful
control and regulation over their own states).

Similarly, to attribute intelligence only to living beings is
excessively arbitrary. Moreover, it seems to us that, as many
others have hinted or explicitly pointed out (Newell and
Simon, |1976; Hanczyz and Ikegami, 2010; McGregor and
Virgol 2011; |Duenas-Diez and Perez-Mercader, 2019; Eg-
bert et al.,|2023)), this may be better understood as a mecha-
nistic property arising spontaneously from natural laws, that
leads to the formation of more intricate physico-chemical
ensembles eventually leading to autonomous self-referent
systems, and only much later to living systems as we know
them.

As a matter of fact, a simple proof for this is the vast litera-
ture on artificial life and biologically inspired artificial intel-
ligence, that has been able to emulate minimal cognitive-like
behavior without the need of an organic motherboard, where
its application in robotics is especially illustrative (Brooks,
1991} |Clitf et al., {1993 Beer, 1997} |Quinn, 2001; |Baddeley
et al.}|2012;[Egbert and Barandiaran,,2014; Tani, 2017). Few
would doubt that the mechanisms underlying the behavior
of the systems presented in these works give rise to intelli-
gent behavioral patterns; whether this kind of intelligence is
equivalent to that of biological systems (i.e., cognitive), we
believe that the answer is no, because the different nature
of the hardware will unavoidably lead to different computa-
tional specifications. In simple words, even if to some extent
they may be solving the same problem —let’s say navigation—
, they are poised differently; functionally speaking, the com-
putational problem they specify isn’t entirely the same.

Thus, we suggest distinguishing as proto-cognitive prop-
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erties the specific properties by which autonomous sys-
tems display intelligence, and by autonomy a self-referential
property (Varela, |1979, [1984; Varela et al., [1991). There-
fore a particular kind of intelligent behavior which is de-
termined by organizationally closed dynamics and which is
non-mental and non-organic. Think, for instance, of be-
havior exhibited by inorganic chemical objects (Hanczyz
and Ikegami, 2010;|Duefias-Diez and Perez-Mercader, 2019;
Loffler et al., [2019), or by artificial implementations, such
as patterns in the Game of Life (Beer, 2014} 2020) and espe-
cially |Agiiera y Arcas et al.| (2024)) (See Rodriguez-Vergara
and Husbands| (2025) for further discussion). Put differ-
ently, a kind of intelligence that is logically and evolution-
arily prior to life, while still constrained by a recursive na-
ture, so that the coherences that a system exhibits are not just
transient or evanescent processes, but safeguarded by being
encoded in the structure of the entity that remains (a minimal
autonomous system).

Furthermore, the gap between cognition as the kind of in-
telligence specific to living beings and the abstract notion of
mind, which often appears to be the goal in cognitive sci-
ence, seems somewhat premature as a research objective.
Consequently, instead of moving from what we know of
living beings towards more complex cognitive capacities, it
may be better to look for intelligent/computable properties
already present before, and thus underlying, life.

The field of artificial life, in fact, can be viewed as an
amalgam of thought experiments animated by chemical,
mathematical, computational and other kinds of models,
each exploring different properties for which theoretical un-
derstanding is still insufficient, with the aforementioned no-
tion of protocognitive properties as an overarching frame-
work.

Summarizing discussion and the role of
Artificial Life

Conceptually, there are two positions that we often take
when examining the relation between life and computation:
that living systems are capable of intelligent behavior be-
cause they instantiate computational properties, or that we
merely describe such intelligent behavior through the lens of
mathematics and computation, but that ultimately, the nature
of life is something inherently different from such descrip-
tions.

When we say that chemical operations can instantiate
computations, what we are actually implying is that they are
prone to computational descriptions. Insofar as every phys-
ical process that can be described in computational terms
represents a regular/consistent sequence of events, these
chemical transformations illustrate the link between the no-
tions of (physical) mechanism and (mathematical) computa-
tion (Perez-Mercader et al., 2013} |Duenas-Diez and Perez-
Mercader} 2019} |[Lopez-Diaz et al.l 2024). From this per-
spective, it is not strange to think that bases of intelligence

are materially hardcoded in physico-chemical properties.

Although, unlike living systems, the chemical solu-
tions presented in Duefias-Diez and Perez-Mercader| (2019)
quickly dissipate, the point remains that regular, consistent
patterns of change in a material universe can be abstracted
and formalized as mathematical regularities.

In this sense, what computational formalizations of au-
tonomous dynamics describe are regularities that can be
used to automatize behavior, but not because a given sys-
tem is really running a program (in a representationally and
algorithmically realist sense), rather, because protocognitive
behavior is essentially an amalgam of multiple elements go-
ing through state transitions that follows mechanical cau-
sation, producing reliably adaptive responses allowing self-
preservation and creating regularities that we can idealize as
input-output relations. Even if these multiple parallel transi-
tions occur at different domains and timescales.

This is the same as saying that; (¢) a system in the same
identical state, when paired with an identical state of its en-
vironment, will unavoidably produce an identical transfor-
mation (Turingl [1950; [Piccinini and Corey, 2021} |Perales-
Eceiza et al., 2024). And (ii), that if such a system is
also operationally closed, the transformations that it will un-
dergo, will make the system to persist (to be the same system
itself), until the point when mechanical causation will pro-
duce its disintegration.

The importance of this fact for life is evident, when we
consider that essentially, living beings are entities that pre-
serve their organization through order. Order, in this sense,
cannot be dissociated from computation, because it arises
from a fundamental coherence, which underpins their inter-
nal dynamics and their modulation of environmental pertur-
bations. Because every consistent response (i.e., structural
transformation) that living beings undergo is the result of a
never-ending (at least until their death) sequence of opera-
tions sustaining their existence as an organized unit (Mat-
urana, |1975; |Varela, [1979; |Allen and Friston, 2018). This
does not entail, however, that everything that a living system
is and all it does, can be circumscribed within the computa-
tional domain (Searlel |1980; [Rubinl 2023} [Froese, [2023)).

Following the Church-Turing thesis, every operation can
be abstracted through the notion of cognitive mechanism
(Bermudez, 2022), that is, through a form of regularity (or a
collection of them) by which a system specifies a response
and which gives rise to its observable behavior. Certainly,
given that the degree of selectivity of every system is dif-
ferent and dynamic, the environmental and internal changes
that can be transduced as signals are limited and prone to
error, however, cognitive systems are intrinsically consistent
inasmuch as they interpret physical events mechanistically
(Maturana et al.| [1968; |Varela, [1997; [Dewhurst and Villalo-
bos, [2017).

Thus, insofar as a problem can be well-defined in algo-
rithmic terms, there will be some syntactic machine capa-
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ble of tackling it. Hence, if natural systems are to be con-
ceived of as decision-making entities, their decisions should
be characterizable as series of locally logical events (even
if incredibly complex), and therefore, formalized in terms of
some abstract analog device representing their (environmen-
tal) inputs, internal states and state-transitions. In this sense,
what we suggest is that, eventually, Artificial Life as well as
other disciplines will have to seriously undertake the quest
for an answer, for which the research question will presum-
ably be an inversion of mainstream focus, namely, the prob-
lem to be solved will presumably not be the characterization
of cognitive/Turing analogous models, but ways to ‘escape’
from this. An example of this incipient process can be ex-
emplified by the increasing interest in the discussion about
agency (Virgo et al.l 2021; Potter and Mitchell, 2022; Biehl
and Virgo, 2023} |[Froesel 2023} \Horiguchi et al., [2024).

Along these lines, there are two related ideas that we
should keep in mind: First, insofar as mathematical con-
structs (including that of computation) may be used to de-
scribe observable phenomena, there is no principled rea-
son to assert or discard, purely on the same mathematical
grounds, the existence of non-computational processes con-
cerning biological organizations. Secondly, given the exis-
tence of biological systems as natural systems, it is perfectly
reasonable to at least consider the possibility that some of
the current conceptual gaps may be a consequence of con-
straining our formal descriptions of biological phenomena
exclusively to the scope of algorithmic models (Froese and
Taguchi., 2019; Rubin, 2023} |Lane} |2024)).

In other words, although we may acknowledge that ev-
erything that is protocognitive is formalizable by compu-
tational (i.e. mechanistic) means, that does not imply that
sentient organisms may be constrained by the limits of our
descriptions (Penrose, [1994; |[Longo, 2009} [Louie and Poli,
2011; [Froese, |2023). Thus, even if each one of the underly-
ing regularities of cognitive systems were combinations of
protocognitive features (hence prone to computational de-
scriptions), the case may always be that non-algorithmic
phenomena have a small or even minimal influence, albeit
strong enough to destabilize the otherwise imperturbable
chain of (cognitive) events (Longo, 2009; [Perales-Eceiza
et al.,[2024).

Further, the idea of exploitation of (non-algorithmic) phe-
nomena through cognitive mechanisms provides a hypothet-
ical solution for this contradiction and may provide insights
towards a principled account of agency, similar to discus-
sions in previous work on possible roles of chaos or ran-
domness in behavior generation (Shim and Husbands|, 2019j
Froese, [2023). In this sense, materiality may be seen as a
mathematical, conceptual or even a methodological conun-
drum, rather than a physical one.

On the other hand, to say that there are non-algorithmic
properties of life would presumably entail a strong re-
examination of some important assumptions in cognitive

science, so it should be approached even more carefully. In-
deed, unlike deterministic chaos, undecidability hasn’t been
demonstrated to exist outside mathematics (i.e. in the phys-
ical world) (Perales-Eceiza et al.l [2024), in spite of ideas,
such as randomness being tacitly assumed as true. A ques-
tion that follows from this is whether some hypothetical
form of biological undecidability would necessarily be un-
derpinned by physics or if it could stem from life as such,
therefore as a different, non-reducible kind with its own ex-
planatory level.

From this point of view, the life-mind-computation prob-
lem greatly overlaps with the core research motivation of Ar-
tificial Life (Aguilar et al.,|2014;|Boden, 2015} Baltieri et al.,
2023; |Pigozzil 2023)), insofar as an exploration of the limits
of purely mechanistic (autonomous) systems logically prior
to life and the investigation of the intelligent properties that
can be exhibited by them, such as agency (Moreno and Etxe-
berrial, 2005}, Biehl and Virgo} 2023} [Froesel 2023}, |Seifert
et al., 2024) or temporality (Varelal [1999; [Yamashita and
Tani, 2008;; |Gallagher, 2017; Bogota and Djebbara, 2023;
Rodriguez et al., [2023)), to name some. In this context, ef-
forts related to non-conventional computing may prove fruit-
ful in the long run (Ackley and Small| [2014; |Stepneyl, 2012
Broersma et al.l[2019).

As usually happens with the most interesting things (such
as life, the universe, or consciousness, to name a few), as
soon as we try to put our finger on it, we quickly come to
realize that beyond the intuitive, rather general ideas we use
on a daily basis, to come up with something close to a defi-
nition is actually quite a hard task. As a matter of fact, this
is not an exclusive problem of our daily conversations and —
maybe without some component of irony, scientific endeav-
ours usually consider the understanding of these interesting
things to be their ultimate goal; All of these ‘simple’ ques-
tions are somehow the entrance door and the unreachable
answer at the end of some never ending hallway. Indeed,
and regarding our topic at hand, there is yet no clear agree-
ment on what the mind actually is and what is its relation
to other concepts such as computation, intelligence or cog-
nition; on the contrary, our ideas about what can be con-
ceived as a mind sometimes seem to become more obscure,
the more we understand about these related concepts indi-
vidually. Notwithstanding, through this paper we have tried
to shed some light on these concepts, to stress the impor-
tance of the relation among them, and to highlight the fact
that Artificial Life, as a framework, seems to be particularly
well suited for undertaking this challenge.
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