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Gorban et al. [1] take the reader on an intellectual journey that is as delightful as it is impressive: we are regaled
with quotes from, among others, Einstein and Leibnitz, are offered vistas of the cybernetic tradition and stochastic
physics, culminating in the blessing of dimensionality, from which we then descend to applications in artificial and
biological neural systems, opening into a topic of immediate translational value, i.e. that of correcting legacy Al
systems.

For cognitive neuroscientists, there are several wise lessons to take from this paper: most of us are still inclined to
follow Simon [2] in understanding cognitive system as consisting of decomposable subsystems, or modules, of which
the function can be studied in isolation. The paper reminds us that the brain is not a linear combination of component
functions. Adding up components increases system dimensionality, which can have counter-intuitive consequences
we need to get our heads around. In this respect, the article offers some intriguing speculations about the parallels
between brain evolution and cascades of error-correcting systems.

Moreover, we can see in a new light the traditional model hierarchy, in which initial convergence for processing is
followed by divergence for classification. From the visual system, we are familiar with convergence as signals proceed
from the retina through visual hierarchy, where receptive fields are becoming increasingly complex and encoding
increasingly sparse. We know much less about what happens in the higher echelons of the hierarchy, but we might
understand it better with the blessing of dimensionality in mind. “Grandmother cells” have often been understood as
the end point of convergence and, as such were considered highly unlikely. Here we can see that they are the product
of subsequent divergence, and are, in fact, highly likely.

Why then, in spite of the wisdom espoused by the paper, does it ultimately feel like a rollercoaster ride? Perhaps,
this is because the classical cybernetic understanding of the brain (in particular, the alliance of information theory and
the neuron doctrine as sourced in [1] through Barlow) has run its course. Whatever its merits for artificial systems, for
the brain it offers, at best, a one sided image. Let me give a few examples:
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e The cybernetic understanding of the brain is based on the notion that neurons compute. Such information pro-
cessing that is strictly local; effective within neurons or small assemblies. Biological neurons, by contrast, operate
in an intricate balance of local and nonlocal activity. They signal locally by sending electric spikes or graded
potentials, but also nonlocally, as their individual activity is leaky. Those leaky currents operate like waves in an
intra and extracellular field, spreading signals in an all-to-all fashion, at different spatiotemporal scales, from the
circuit level [3] to the entire cortex [4,5]. Computations may take place in biological systems with nonlocal wave
as well as with local spiking activity.

e Neurons typically don’t operate in isolation, but in coordinated clusters of various scales. They have to. The
signals they send through their chemical synapses are far too numerous to be individually effective, given the
limited dynamic range of the neuron. Strong couplings between neurons, e.g. via gap junctions, as well as Hebbian
learning, contribute to these effects [6].

e The systems described by Gorban et al. represent the brain as a feedforward hierarchy: first preprocessing, then
classification. But in the brain, the predominant connectivity is in the opposite direction. Possibly, rather than in
classification, the brain engages in controlled hallucination. It is predominantly talking to itself. Thus the brain is
not inert, but is actively generating predictions about what will happen next, and learning by trial and error.

e Memory in cybernetics is inert. For such systems, which take time to train, the prescriptions in [1] for updating
by adding components are, indeed, cost-effective. But the brain, unlike legacy software, is constantly updating
itself. The hippocampus is an important mediator of memory, but is not a place where memory is permanently
stored. Storage is distributed throughout the brain. But even here, memory may be far from permanent. In an
interplay with the hippocampus, memories are continuously reconstructed, rehearsed, and re-encoded, possibly in
evanescent circuits [7]. Such a process may well be modeled in terms of long transients [8]. Why is brain activity
transient? Because coding, in the brain, is context-sensitive. Grandmother cells (or circuits) do not have fixed
meanings, as they operate in a context, proximally given by the ongoing activity of the system in which such a
cell is embedded, and distally by the environment the system finds itself embedded in. Accordingly, their response
will fluctuate with the context. Consequently, a complex cell may be selectively responding to Jenifer Aniston,
but only on average across conditions. This may have no meaning in the specific situation the system finds itself
in.

Whereas the cybernetic approach has engrained itself in scientists’ understanding of the brain, in fact, it is a rather
one-sided and misleading metaphor. Isn’t it time we, cognitive neuroscientists, take our deserved share of the blame
for this situation? Perhaps we have been lazy in developing a theoretical framework that would appeal to people of the
stature like the authors of [1], and that can hold its own against the alliance of neural doctrine and information theory,
which has engulfed our understanding of the brain.
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