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Abstract 
This is an invited commentary on the position paper of Gruber, Block and Montemayor (2022). 
First, I oppose the premise in Gruber et al.’s proposal according to which there exists a ‘real’ and 
an ‘illusory’ time. Second, our knowledge about the universe is hypothesized, tested, and verified 
by the most complex physical systems known to date (brains) hence postulating the coexistence 
of an ‘absolute’ and a ‘real’, or an ‘illusory’ and a ‘nonillusory’ time might be unnecessary. Instead, 
and parsimoniously, (organic or atomic) measuring devices for duration, simultaneity, order, and 
so forth, have variable precision. The most exquisite clock is atomic, a good enough one for survival 
on Earth is at the scale of neural networks. A difference between measuring devices and brains is 
that the latter compute on stored temporal information. Last, I suggest additional gadgets for the 
Information Gathering and Utilizing Systems (IGUs) proposal. In sum, I oppose some of the theo-
retical premises while lending support to the idea that representing temporal statistics is a useful 
heuristics for some aspects of temporal cognition. From the cognitive neuroscience standpoint, 
IGUs are compatible with information-theoretic approaches, and with current Bayesian and pre-
dictive models implemented in neural systems, in which brains code information and compute on 
symbolic representations.
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1. Real (Physical) and Illusory (Manifest) Time: An Ontological Question or a 
Theoretical Stance?

The Brain — is wider than the Sky —
For — put them side by side —

The one the other will contain
With ease — and you — beside —

Emily Dickinson

Gruber and colleagues (Gruber et al., 2022) depart from the strong dichotomi-
zation of what is (‘manifest time’) and what is not (‘physical time’) an illusion. 
Taking such a dualistic stance to the study of nature according to which, speaking 
loosely, ‘physics describes reality and the rest is illusion’ is scientifically unten-
able, intellectually disagreeable, and places the human condition in quite an 
absurd position. On the one hand, we, human beings, would stand as knowledge-
able observers outside the realm of reality since our entire psychology is deemed 
remote from the described object under scrutiny (the site of illusion, namely the 
mind embodied in the brain). On the other hand, human beings (and their mind/
brain) are very real since they, after all, elaborated the very equations and formal-
isms that grant physics access to a so-called reality.

The status of illusions in Gruber et al.’s position paper and in perceptual sci-
ences (Rogers, 2022) is discussed because it creates epistemological issues that 
bear concrete relevance in experimental sciences, well beyond the study of time. 
For instance, the authors state (p. 3) ‘The term illusion refers to a perception that 
has no basis in reality, which in turn defers the problem to what the currently 
accepted laws of physics suggest.” First, the observer (the locus of the illusion) is 
removed from the phenomenon under study since it has ‘no basis in reality’: this is 
a dualist stance despite the authors’ claiming otherwise. Second, it implies that the 
knowledge of the observers is unreal or bears no relevance to ‘physical reality’ yet 
foundational work in cognitive science grounded the issue of ‘psychological real-
ity’ (Chomsky, 1980), with its strongest form suggesting that linguistic rules and 
representations in the human mind implement truth value about the structure of 
the world. While arguments put forward in the psychological reality debate make 
strong philosophical statements, the pragmatic implication for neurosciences is 
that the brain hosts internal models of the world that can predict and evaluate the 
veracity of communicated signals, whether sensory or verbal. Denying psychologi-
cal reality falls into a reductionist bias that cannot provide satisfactory explana-
tions for the existence of minds. It may even lay roots for dangerous ideologies 
by abnegating the very existence of reason and its impact on political and socio-
economic systems. Third, the dichotomy between real and illusory assumes that 
the animate observer’s sole goal is to represent veridically a reality ‘out there’. The 
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basic requirement of mapping the world from exogenous distal sensory sources 
to compressed representations that our cognitive systems compute on (Gallistel 
& King, 2009) relies on a transduction process from physical energies to neural 
codes that are non-isomorphic: neurons code information in a manner that is not 
a facsimile of the ‘reality out there’. If it were, there would be no mind, no use for 
language, music, or mathematics, no use for symbolic thought, no memory, no 
lived temporalities that appear to be illusory and we would be stuck in feeling and 
thinking the present. For instance, no energies in the visible spectrum are physi-
cally blue or red or purple: our brains assign a color to a particular frequency in 
the visible spectrum thanks to the receptors and neural machinery that convert 
electromagnetic energies of different wavelengths into perceptual qualities and 
linguistic conventions shared by our species.

Similarly, ‘space’ and ‘time’ are coded in a non-facsimile fashion so as to map 
the environment and communicate it, even in fascinating invertebrates like bees 
(Frisch, 2013; Moser et al., 2017). The translation of information into a neural 
code implies imprecision, and abstraction of the object to be computed (e.g., dis-
tance, spatial position of landmarks, duration, boundaries, events, sequences of 
temporal landmarks). A neural representation of this object — ultimately sup-
porting not only its perception but, most importantly, the knowledge of that fact 
that it exists and is not hallucinated — is not simultaneous with the object: it 
is predicted ahead of its very existence through internal models of the brain, 
which comply with or falsify the sensory inputs, after it has existed. Hence, there 
is a major difference between postulated ‘physical’ and ‘psychological’ realities: in 
physics, the observer observes; in cognitive neuroscience, the observer observes 
recursively, that is, the brain uses internal representation of increasing abstraction 
on which it computes hierarchically (i.e., the outcome of one process becomes the 
input to the next). The study of brain and mind is self-contained: there is no other 
observer to one’s psychological reality than awareness itself. This needs not be 
mystified further than what it is as this very reality is fascinating of its own right. 
What does that have to do with time?

If physicists can appeal to an observer, who assigns a ‘t’ variable to any function 
describing the universe, cognitive neuroscientists cannot afford to do so unless 
they want to stand outside the realm of an explanatory science to the mind and to 
consciousness (van Wassenhove, 2017, 2023). In other words, the psychology of 
time (like spatial navigation, vision, language, memory, …) needs to be explainable 
as symbolic rules and representations in organic matter, whose processes owe to 
be compatible with the laws of physics. Entropy and the laws of thermodynamics 
apply to aging: our brains age and the knowledge that ‘I exist’ through time (per-
sistence) is encrypted in our minds. The authors (Gruber et al., 2022) mention 
that “A human needs to feel that she persists and is not simply a conglomerate of 
impermanent events as spacetime cosmologies suggest” (p. 202). This is only cor-
rect to the extent that humans do not ‘feel persistence’ but infer persistence of self. 
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In agreement with the authors’ viewpoint, the duality of aging and self (change 
and persistence, respectively) is familiar to all biologists: none of the cells we are 
born with will be the same when we die, except for most neurons. In cognition, the 
emergent ‘self ’ is not reducible to the dynamics of complex systems themselves 
but must appeal to a symbolic representation of a set of properties that define 
the ‘self ’ within these dynamics. The bodily self evolves in real time; the self as 
identity we casually refer to in daily language is a complex construct made of past 
memories and projections of one’ s own finitude into the future. The simulations 
brains do in real time (brain activity we record) make up ‘timelines’ that are gen-
erated as coordinate systems enabling the representations of meaningful events 
at a given moment in time (Gauthier et al., 2018; van Wassenhove, 2017, 2022).

This moment lasts a few seconds at most and it is compatible with the pro-
posal of Information Gathering and Utilizing Systems (IGUs): this is because the 
information that populates what we call ‘a thought’ is highly compressed, discrete, 
and brief. The ranking of these moments is enabled by neural operations ordering 
information in past, present, and future: mental chronologies do not map onto 
physical time in a linear fashion (Dennett & Kinsbourne, 1992; Gallistel, 1990; 
Hayek, 1952; Lashley, 1951; van Wassenhove, 2023). In sum, thoughts are as real 
as black holes may be, and need not be displaced away from the very physical 
reality they belong to. From my experimentalist point of view, perceptions are as 
precise as life on Earth requires them to be for the organism to survive, live, evolve 
and compute.

2. Absolute and Real Time

Psychological reality — that is, truth of a certain theory
Chomsky, 1980: 191.

The expression that ‘time is passing (fast or slow)’ in our block universe is per-
haps the logical outcome of coincidence detectors and egocentric observers from 
neurons to whole systems, and possibly beyond (social networks). Brains have to 
rule on their status (as complex dynamical systems) relative to their surround-
ing environments (full of other clocks) and orient in space–time (for thought and 
action). Our brains incorporate temporal statistics from the environment and the 
body (e.g., the rate of changes or their regularity in a given time lapse) and these 
quantifications contribute to the sense that time is passing (Hicks et al., 1977) aka 
the ‘flow of time’. The neuronal calculations and operations are constitutive of 
representations, which feed the phenomenology of the ‘passing of time’.

Temporal scales in the living are also hierarchical: we have sensitive access 
only to the becoming of some of them (minutes) and a rational access to oth-
ers (centuries). The lived temporal phenomenologies that accompany aging are 
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partial, malleable, and subjective; they may be comparable to IGUs’ decisions on 
the fly. The temporal landmarks and episodes we live through aging are stored 
and time-stamped in episodic memory; this process requires sophisticated storage 
and selective retrieval mechanisms that appear unaccounted for by the currently 
proposed IGU’s capacities. The present moment for brains is as thick as Husserl 
predicted it to be, to the exception that it is even more layered. Now this intuition 
has clear neuroscientific explanations. The analysis of information at different 
time-scales coexists hierarchically along cortical gradients of integration and seg-
regation in the cortex (Buzsáki, 2006; Hasson et al., 2008; Murray et al., 2014; La 
Rocca et al., 2018) but the underlying processing does not directly or necessarily 
speak to the experienced temporality. A majority of temporal processes are cog-
nitively impenetrable, that is, inaccessible to consciousness. Processing windows 
package information from different sources of energies into basic constituents of 
meaning such as syllables with integrative times of 200–300 ms (Poeppel, 2003; 
van Wassenhove et al., 2007). Perceiving a syllable is not accompanied by the per-
ception of these 200–300 ms time chunks. This is because ‘perceiving’ time is the 
outcome of a trade-off with perceiving information (Polti et al., 2018). Assessing 
these ‘unconscious’ temporalities requires the use of dedicated and sophisticated 
experimental paradigms: verbal reports are insufficient.

I agree with the IGU approach that representing time does not require the 
sophistication of human brains and many species can estimate durations with 
relative precision from a few seconds to a few minutes relative to the incidence 
of events in the sensory world (the ‘stimuli’). We speak of subjective time in ref-
erence to numerous statistical temporal measures (simultaneity, duration, order, 
rhythm, …) reported by an individual (animal or human) with a certain precision, 
and with some perceptual and decisional biases (psychological measures) that are 
all quantifiable by subtle and hard experimentations. Objective time is reserved 
for measurements made by instruments such as clocks, whose atomic precision is 
far superior to the orders of magnitude characteristic (and useful) to the individu-
als’ biology.

3. IGU’s Gadgets and Beyond

Many perceptual illusions reveal evolutionary adaptive processes of neural cir-
cuitries so that the likelihood of what happens given what is registered provides 
an efficient approximation. This stands as a generic principle of mental models 
(Craik, 1952; Helmholtz, 1867): ‘illusions’ reveal the sophistication of neural prin-
ciples for experienced and remembered temporalities.

Combining the ‘tau’ effect (Helson & King, 1931) and the ‘kappa’ effect (Cohen 
et al., 1953), the rabbit illusion (Geldard & Sherrick, 1972) shows that isochro-
nous stimuli in a sequence are perceived as spatially equidistant even when the 
spatial arrangement is not ‘physically’ so. This illusion has been elegantly argued 
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to be purely temporal (Dennett & Kinsbourne, 1992) and postdictive (Shimojo, 
2014) although recent work rather shows the implication of a predictive analysis 
of sequences (Grabot et al., 2021). The nonisomorphic representations of time 
in neural systems cause fundamental issues when grasping the link between 
serial ordering of observable events, sequences of neural events, and conscious 
chronologies (Friston & Buzsáki, 2016; Gauthier et al., 2018, 2020; Grabot & van 
Wassenhove, 2017; Lashley, 1951; van Wassenhove, 2023). The same case can 
be entertained for duration itself (Efron, 1970a, b; van Wassenhove, 2009; van 
Wassenhove & Lecoutre, 2015).

As for the coexistence of objective and subjective time, or ‘dual times’ in the 
IGU framework, recent observations show that individuals can estimate the tem-
poral errors made in their estimates and productions of durations (Akdoğan & 
Balcı, 2017; Balci et al., 2009; Kononowicz et al., 2019, 2022). This implies that 
within brains, relative and absolute representations of durations co-exist: the rela-
tive time is the distribution of an individual’s duration production (accuracy or 
distance relative to objective time, and precision or width around that value). The 
absolute time resides in the individual’s ability to estimate their duration produc-
tion, which requires access to the variance of the distribution (knowledge of the 
precision). Work from my lab has shown that the precision of timing is reflected 
in the strength of neural oscillatory coupling (Grabot et al., 2019), and that meta-
cognitive inference can be found in the distance between neural trajectories rela-
tive to the actually produced duration (Kononowicz & Van Wassenhove, 2019; 
Kononowicz et al., 2019).

4. Conclusions

To summarize, I support the core notion that IGUs represent temporal statistics 
with additional gadgets to account for an observer’s distinct temporal phenom-
enologies. However, the advantage of substituting or trading well-established cog-
nitive operations for IGU’s gadgets is unclear. IGUs do not address higher-order 
temporal phenomenologies such as perspectival or (dis)orientation or mental 
time travel. IGUs may provide an essential bridge between the physical and bio-
logical studies of natural phenomena but should incorporate recent perceptual, 
cognitive, and neuroscientific evidence. A tangible gain could also be to acknowl-
edge that relative to neurosciences, the observer cannot be set aside.
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