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The target paper of Dr. Feinberg [1] is a testimony to an admirable scholarship and deep
thoughtfulness. This paper develops a general theoretical framework of nested hierarchy in the brain
that allows production of mind with consciousness. The difference between non-nested and nested
hierarchies is the following. In a non-nested hierarchy the entities at higher levels of the hierarchy are
physically independent from the entities at lower levels and there is strong constraint of higher upon
lower levels. In a nested hierarchy, higher levels are physically composed of lower levels, and there is
no central control of the system resulting in weak constraint of higher upon lower levels [1].

Due to space limitations of this commentary we will focus on one important issue. Dr. Feinberg
stated in his review paper that “the neural hierarchy displays both nested and non-nested features”
and that this unique feature of brain organization allows consciousness to be expressed. The critical
point here is that multiple regions within the neural hierarchy that are physically connected within the
brain, as objectively observed, are not a physically nested system, in a way as for example a cell is
physically nested within an organ. At the same time, consciousness, as subjectively experienced, is
expressed as a functionally nested and unified system. From these observations it is not clear what in
the brain constitutes the nested part of the hierarchy which could support isomorphic hierarchy of
conscious mind. We propose that the brain operational architectonics (OA) centered around the
notion of operation [2-4] could be helpful here. Understanding of the operation as a process lasting in
time and considering its combinatorial nature (increasing complexity), seems especially well suited
for understanding and studying the mechanisms of how conscious mind emerges from the brain [4].

The OA theory claims [4] that local fields of transient functional neuronal assemblies are
equivalent to operations which can be conscious (phenomenal). Indeed, it has been shown that

distinct neuronal assemblies display preferential processing for certain features (a preference for



color, shape, motion, smell, etc. [5]). Such simple operations responsible for qualia are reflected in
the electrical brain field (EEG) in the form of quasi-stationary segments, which can be conceptualized
as standing waves within a 3D volume [4]. It has been shown experimentally that these EEG
segments are reliably and consistently correlated with changes in the phenomenal (subjective) content
during both spontaneous (stimulus independent) and induced (stimulus dependent) experimental
conditions (for the review see [6]). Moreover, it has been documented that the local fields of various
neuronal assemblies correlate with different conscious percepts [7-9] and if cognitive processing does
not take place, such transient neuronal assemblies do not appear [10].

Although phenomenal consciousness is serial in the sense that we subjectively experience the
succession of discrete and phenomenal images or thoughts separated by rapid change, each
phenomenal object, image or thought per se is unified and quite complex. According to the OA
theory, this complexity requires temporally coordinated operations (equivalent of bioelectrical fields)
of many neural assemblies, which selectively emerge from the entire brain [4]. Indeed, to have an
experience of any phenomenal object, for example an “apple”, several features of that object (shape,
color, smell, texture, etc.) should be spatially and temporally integrated. In agreement with the above
brief outline of OA theory, different (simple) phenomenal features are presented in the brain by local
fields/operations generated by different transient neuronal assemblies. Temporal synchronization of
these local fields/operations produces complex brain operations [2]. As a result, metastable brain
states emerge that accompany the realization of such complex brain operations, whereas each of them
is instantiated by the particular volumetric spatial-temporal pattern in the electromagnetic field [2-
4,6]. At this top level of abstractness (reflective consciousness) we already do not have direct access
to the brain (physical) processes, and therefore this subjective (conscious) experience seems so
strange and mysterious to us [4].

Thus, within the OA, the complex operation or operational act has internal structure where each
element in its turn also has its own internal structure and so on until the simplest elemental operations
are reached. What we want to argue here is that there is a more complex operation/operational act that
subsumes the simplest ones. It is critical that any complex operation/operational act is not just a
conjunction of simplest operations (or operational acts) — it is an operation (or operational act) in its
own right with emergent properties that are not evident in the subordinate constituents [11]. Such
architecture has a clear nested hierarchy and thus could serve as the needed ingredient of brain
organization that would allow conscious mind to be expressed and present the features consciousness

(referral of neural states, mental unity, qualia, and mental causation), which the target paper discusses
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