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> Abstract • In their article, Totaro and 
Ninno attempt to solve the problem of 
the continuum, using Maturana and 
Varela’s theory of autopoiesis and biol-
ogy of cognition to draw parallels with 
abstract mathematical number and set 
theories. All of these are held to involve 
recursive, self-production, self-referential 
processes and operations such that they 
can be regarded as isomorphic to one an-
other. However, the cited mathematical 
theories they cite involve unobservable 
platonic-realist entities that bear little 
or no relation to concrete, limited, em-
bodied observers, biological organisms, 
or cognitive-psychological processes in 
minds and brains. Fundamental prob-
lems in Maturana’s theory of observers 

and of consciousness are discussed. The 
proposed approach conflates processes 
of recursion, self-production, self-refer-
ence, and observation, thereby eliminat-
ing critical distinctions between embod-
ied, observable processes and platonic 
mathematical ideas.
Handling Editor • Alexander Riegler

« 1 »  Coming from analytic philosophy, 
in their target article, Paolo Totaro and Do-
menico Ninno compare Humberto Matura-
na and Francisco Varela (M&V)’s theories 
of autopoiesis, cognition, observation, and 
consciousness with number and set theory 
in mathematics. They all invoke recursion 
and self-reference, making them in some 
sense isomorphic. Some basic problems 
with these analogies involve use of platonic-
realist mathematical ideas and conflation 
of processes of recursion, self-production, 
self-reference, and self-observation in both 
imagined and concrete systems.

« 2 »  Arguably, analytic philosophy and 
pure mathematics are bodies of thought per-
haps furthest removed from biology, neu-

roscience, psychology, epistemology, and 
first-person experience. This makes them 
unwieldy starting points for developing 
coherent ontologies (seeking to establish a 
fundamental “world structure”), epistemol-
ogies (observer mechanics, knowledge), and 
phenomenologies (experiential contents of 
consciousness).

Problems with infinities
« 3 »  Very early on (§1), Totaro and 

Ninno invoke Cantorian infinities and De-
dekind cuts, which appear to me to be pure 
platonic-realist entities (Cariani 2012). 
From the perspective of radical constructiv-
ism, these are imaginary entities that cannot 
be observed directly, for two reasons. The 
first is that they invoke completed infini-
ties and infinite processes of which there are 
no concrete, natural examples. The second 
is that infinities themselves, as apart from 
their cognitive, ideational mental represen-
tations and public symbolic token-referents, 
are incompatible with finite observers. Ob-
servers are themselves finite, temporal enti-
ties only capable of registering finite, sets of 
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distinctions at any one time, and therefore 
incapable of handling completed infini-
ties and infinite processes. The contents of 
subjective experience are similarly limited. 
These limitations doom this project from 
the start. This makes me wonder: In the tar-
get article, how should one consider the on-
tological status of Dedekind’s numbers and 
Cantor’s infinities? Mathematical construc-
tivists such as Leopold Kronecker and Henri 
Poincaré rejected such entities as ill-defined 
notions. Are these observable entities? Are 
they useful in any way? Q1

« 4 »  A basic tenet of radical construc-
tivism is that we should avoid naive belief 
in unobservable entities (Cariani 2010) – 
those ideas and assertions that can be tested 
should be consciously distinguished from 
those that cannot (Cariani 2022). So, on 
what basis should we evaluate the analogy 
between unobservable platonic ideas and 
the structure of observers proposed here by 
Totaro and Ninno? Q2

Alternatives to platonic systems
« 5 »  There exist finitist, operationalist 

approaches to the foundations of mathemat-
ics that are compatible with limited observ-
ers and radical constructivist constraints 
(Cariani 2012). These do not generate in-
finite regresses, paradoxes, and indetermi-
nacies (§§30–33). Set theory can be made 
compatible with finite observers if sets are 
defined exclusively in terms of finite, enu-
merable collections of observer-distinguish-
able elements (Goodman 1972), i.e., by dis-
allowing self-inclusion and null sets.

« 6 »  Arguably, better approaches to 
the continuum exist that come from natural 
philosophy: psychology, physics, and theo-
retical biology. In perception many qualia, 
(pitch, color, temperature) span apparently 
continuous ranges of differences. Gestaltist 
processes of fusion and separation create 
discrete entities (objects, events). Cognitive, 
categorical recognitions (letters, words) have 
both discrete and continuous aspects. There 
is a whole neuropsychology of numerosity 
(Dehaene 1997). Debates over atomistic vs. 
continuous ontologies, realist vs. empiricist, 
observer-bound constructivist epistemolo-
gies, wave–particle dualities, and measure-
ment complementarities in the foundations 
of mathematics and physics have been ongo-
ing from ancient times to the present. Ernst 

Cassirer’s (1948, 1955) other ideas on ob-
server-mechanics, measurement, Hertzian 
modelling relations, the nature of symbolic 
forms, atomism, and the principle of con-
tinuity, might be more apropos than those 
on functions (§10). Herman Weyl’s (1949: 
30–66) “Number and Continuum, the Infi-
nite” is especially germane in its discussion 
of the various positions taken by Plato, Aris-
totle, Dedekind, Cantor, symbolic-formalist 
David Hilbert and the finitist-intuitionist 
E. J. Brouwer regarding the construction of 
numbers. In addition to M&V, other theo-
retical biologists, such as Howard Pattee 
(Pattee & Rączaszek-Leonardi 2012), Rob-
ert Rosen (1991), and myself (Cariani 2001, 
2022, 2023) have discussed related issues: 
measurement vs. computation operations in 
observer mechanics, continuous vs. discrete 
processes, symbols and dynamics in organ-
isms and brains, cell psychology, semantic 
closure, and neurophenomenology.

« 7 »  Aristotle’s thinking (§9) is highly 
coherent, but open to differing interpreta-
tions, mostly due to its near-universal span 
of concerns. “Aristotelianism” can refer to 
Aristotle’s own ideas, e.g., about logic, or to 
various medieval distortions that mixed in 
Platonic and theological precepts. Later in-
terpretations (Graham 1987; Modrak 1987) 
explore much more sophisticated views, 
including Aristotle’s conception of the con-
tinuum (Feyerabend 1987). Daniel Graham 
argues that the early Aristotle adopted a 
realist view (properties of objects are exter-
nal to observers), whereas the later Aristo-
tle adopted a pluralistic, multi-perspectival 
constructivist view (properties of objects are 
in observers), not unlike Maturana’s (1988: 
§5.3) “multiverse” or “multiple realities” 
(Bunnell 2004).

« 8 »  Processes and their products are 
not the same, and should not be conflated. 
In §30, Totaro and Ninno state,

“ [W]e must necessarily treat numbers as data of 
observations and not as currently lived processes, 
since the currently lived process is, by definition, 
unobservable. A ‘thing’ is the argument of an ob-
servation. Therefore, any observed number is also 
the argument of an observation, and therefore, a 
‘thing’.”
Note that two senses of “things” are being 
used interchangeably, the objects of obser-

vations, whether sensuously distinguished 
tokens or self-observed ideas, and their 
mental/experiential consequences (prod-
ucts). The assertion that “numbers are ob-
servations” (§29) conflates the outcomes of 
observations (distinctions made by observ-
ers) with the process of observing itself, 
i.e., of making the distinctions. In my view 
(Cariani 2001, 2022, 2023), numbers are dif-
ferent outcomes of “measurement” opera-
tions, i.e., distinctions in the observer, not 
the measurement process itself. Distinctions 
and the processes that produce them, al-
though intimately related, are, nevertheless, 
different, complementary aspects of observ-
ers that should not be merged or confused.

Problems within Maturanian 
phenomenology
« 9 »  The proposed analogy attempts to 

compare separate domains that have funda-
mentally incompatible metaphysics. I focus 
here on Maturana’s views (Maturana 1988, 
2005; Mingers 1991; Imoto 2011). Save per-
haps for recursion, number theory does not 
meld easily with any of Maturana’s three on-
tologies, epistemologies, and phenomenolo-
gies. Several explanatory frameworks were 
adopted by Maturana:

	� an Aristotelian hylomorphic working 
ontology for theoretical biology and 
neuroscience (Imoto 2011);

	� a pluralistic, near-constructivist (Proulx 
2008), working epistemology of observ-
ers, and

	� a highly human-centered, social-con-
structivist working phenomenology 
(Maturana 1988, 2005).

When describing subjective experience, 
Maturana adopts a continental, Heidegge-
rian-like phenomenology (Mingers 1991) 
that asserts conscious awareness to be the 
product of human self-referential and self-
observational processes engaged in social 
communications (“languaging”). This is 
where I part company with him. His ex-
treme human exceptionalism (only humans 
have consciousness) rules out naturalistic, 
comparative, biology- and neuroscience-
based approaches to the study of both ob-
servers and consciousness.

« 10 »  In contrast, neurophenomenolog-
ical approaches seek to identify causal link-
ages between neural activity and experiential 
states (Boring 1942; Varela 1996). Maturana’s 
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phenomenology is disconnected from both. 
Contrary to Totaro and Ninno’s assertions 
in §30, “currently lived” experience is intro-
spectively observable by each of us. We do 
have some conscious access to the contents 
of our awareness.

Is infinite self-reference possible?
« 11 »  My difficulty is not with self-ob-

servation per se, but with platonic, infinite 
regressions of such processes, which were 
explored in depth in Varela (1979). As hu-
mans and other organisms, our capacity for 
self-observation is quite limited in scope 
and depth.

« 12 »  Whereas recursive processes of 
self-production are all-important, the rele-
vance and depth of self-reference in biologi-
cal systems, observers, and consciousness is 
much more limited. There are serious prob-
lems, such as the “vicious infinite regress” 
(Sebastián 2019), with so-called “higher-or-
der thought” (HOT) theories of conscious-
ness based on self-reference. In contrast to 
such HOT theories, current theories that 
involve neural global workspaces (e.g., De-
haene 2014) stem from evidence from neu-
roscience and psychology and better account 
for states of awareness and their specific ex-
periential contents. In my theoretical variant 
of neural global workspaces, awareness de-
pends on a particular organization of neural 
activity in which sets of mutually reinforcing, 
temporal-coded neural pulse train signals 
are actively regenerated, i.e., a network of 
signal self-productions (Cariani 2000, 2015).

« 13 »   “Reference” itself is a loaded word 
that bears many realist connotations, as in 
referentialist, correspondence theories of 
truth. “Self-reference” also has many diverse 
meanings (Pattee & Rączaszek-Leonardi 
2012: 211–213). It is critical to indicate the 
sense of its use to avoid semantic sleights 
of hand, inconsistent equivalences, and un-
intendedly altered meanings. Spurred by 
this discussion, I have pondered its possible 
meanings. I take its primary senses that are 
most relevant here to involve self-description 
and self-pointing. Self-description involves a 
partial description of a whole of which the 
self-description is a part (a complete self-
description of the whole would require an 
infinite regress of self-descriptions). Pointing 
is a different form of reference. Self-pointing 
refers to how something within a system can 

be accessed (e.g., computer address pointer) 
without describing what is accessed. Self-
pointing is not self-production per se, al-
though it may be part of a process of “bring-
ing forth” components or distinctions.

Self-production and self-reference
« 14 »  At this point one might ask: In 

what sense, if any, is a self-production system 
inherently “self-referential”? Self-production 
≠ self-reference if “reference” is meant in ei-
ther of the two senses offered above. Clearly 
the individual metabolic components in a 
biological organism neither describe nor 
point to one another, rather, they physically 
interact. Self-production can be described in 
terms of finite, ongoing recursive produc-
tion processes, but recursion alone is neither 
self-production nor self-reference. Whereas 
limited self-production and self-reference 
are possible in biological systems, arguably 
the infinite recursions and self-references 
needed for number theory and Cantorian set 
theory are not. Is any embodied, biological 
self-production system capable of infinite re-
cursion and self-reference? Q3

« 15 »  To summarize, the main dispute 
here involves a clash between a platonic 
ontology, in which forms alone are thought 
sufficient for explanation, and a hylomor-
phic view in which particular organizations 
must be embodied in bounded, temporal, 
finite-capacity, concrete substrates in order 
to implement their corresponding functions 
(life, cognition, observation, consciousness).
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> Abstract • I explore how languaging 
and explanatory principles are key to 
making sense of our experiences. Totaro 
and Ninno’s claims about the cognitive 
origins of continuity and discreteness 
are examined through a sociohistorical 
lens. I also emphasize the need for a “po-
etic” rather than causal understanding 
of the relationship between our biology 
and how we conceive mathematical con-
cepts.
Handling Editor • Alexander Riegler

« 1 »  In their target article, Paolo Totaro 
and Domenico Ninno argue in favor of a bi-
ological origin of the experience of the con-
tinuum and the discrete (§5), which can, for 
example, be observed in mathematics with 
natural and real numbers (§17). Rooting 
the notion of the continuum in the constant 
(even recursive) autopoiesis of living organ-
isms maintaining their structure, and the 
discrete in the observation of (momentary) 
states they call “results,” the authors also 
conceptualize the continuum and the dis-
crete as mutually dependent: “there cannot 
be a continuum without the discrete” (§42), 
and vice versa.

Languaging
« 2 »  The general idea is reminiscent of 

Humberto Maturana’s (1995) analysis of the 
concept of time, though with nuances (and 
perhaps a twist) that seem to be missing 
from the main article. Totaro and Ninno opt 
for a symbolic treatment of numbers and the 
observer (for example §13 and §17), rather 
than being evocative, redolent or even “po-
etic” as Maturana often is, for example, 
when he writes: “we become aware that what 
we indeed do as we explain our experienc-
es is to use our experiences to explain our 
experiences” (Maturana 1995: 2). A poetic 
orientation implies turning our attention to 
how we make sense of our experiences and 
construct meaning, with the idea that lan-

guage is the way in which we bring forth our 
realities (what I would call its creative pow-
er), while its “poetic character” allows for 
richness and flexibility. We could start with 
questions such as “What do we do when we 
talk about [the continuum, the discrete, or 
numbers and so on]?” This approach would 
conceptualize both the role of the observer 
and the role of languaging. The continuum 
and the discrete are primarily acts of lan-
guaging, distinctions we make as forms of 
mutual coordination through which we 
(literally) make sense of our experiences. 
An argument similar to the one in the tar-
get article could be as follows: although we 
only experience the present moment and 
current state of ourselves and our surround-
ings, that experience keeps repeating itself 
with unceasing variations. We make sense of 
this experience by distinguishing the “con-
tinuum,” which concerns the uninterrupted 
nature of the experience. Additionally, we 
distinguish in language (and as a manner of 
coordinating with one another and our sur-
roundings) something we call the “discrete,” 
which concerns what appears to be differ-
ent (consecutive) states. When we look at 
people exiting a room, there is a continuous 
flow of observations, but we can describe 
the experience as one, then two, then three 
people exiting the room. These “states” are 
not fixed in themselves but rather in the ac-
count we provide. It is our ability to produce 
a description, i.e., use language, that makes 
this apparent fixing possible.

« 3 »  A notable illustration of this is 
Zeno’s paradox (formulated centuries before 
Georg Cantor’s conundrum): how can an ar-
row reach a target if it must first travel half 
the distance, and how can the arrow get to 
that half mark if it must first travel half the 
distance to it, then half the distance to the 
half mark, and so on? The notions of conti-
nuity and recursivity are also constituted in 
language: it is a way to make sense, organize, 
and explain our observations, our experi-
ences. When we say that the arrow continu-
ously flies and eventually reaches the target, 
we constitute it as an event in and through 
language. When we ask how it can do this 
when it has to travel recursively (and infi-
nitely) shorter distances, this is another cre-
ative act of language, one in which we look 
for an explanation, what Maturana (2013: 
302) calls “an act of poetic synthesis as an 
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