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between these theories permeate their scientific formulations
from the microscopic to the experiential.
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which must be perceptually segregated from competing irre-
levant stimuli. Thus, fewer processing resources will be
allocated to a stimulus that is under active suppression than
to stimuli presented when attention is more broadly diffused
and suppression is not required. This suggests that to
ensure a zero allocation of attentional resources, as speci-
fied in the taxonomy presented below, it may be
necessary to employ a paradigm where the stimulus
under study is being actively suppressed. A minimal allo-
cation of processing resources may also be achieved in
situations where the stimulus under study is irrelevant
and fails to capture bottom-up attention.

4. An updated taxonomy of subliminal,
preconscious and conscious states
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the patterns depicted here are relevant only to visual aware-
ness. For other types of conscious content, the nodes depicted
in occipitotemporal regions would move to cortical regions
critical for formulating representations of that particular con-
tent. For example, nodes would most likely move to superior
temporal regions for auditory awareness, to superior parietal
regions for somatosensory awareness, to medial temporal
regions for emotional awareness and so on. It will be interest-
ing and important to determine whether the relationship
between attention and conscious perception is similar for
visual, auditory and somatosensory systems, as well as
for integrated multi-sensory percepts [85-88]. Finally, the
horizontal axis that depicts different ‘amounts’ of attention
is also oversimplified. As we emphasized above, attention
is a complicated, multi-faceted set of processes that
undoubtedly varies along many more dimensions than
are plotted here.

Despite these caveats, at this early stage of investigation,
we hope that this updated taxonomy will prove useful both
conceptually and practically as new experiments aimed at
identifying NCCs are developed and refined. If our current
hypothesis is accurate, and some type or amount of attention,
or a particular interaction between attention and sensory
processing is necessary for phenomenal consciousness,
future research should attempt to clarify how this comes
about. Exploring the space depicted in figure 1 seems like a
reasonable path forward.

In figure 2, we present a few examples of how previous
studies fit into the space outlined in figure 1. This list is not
intended to be exhaustive, but provides key examples of

studies that have employed the most common methods for
manipulating perceptual awareness. Each coloured square
represents one of the conditions used in the main experimen-
tal contrasts and the placements of these squares are
rough estimates based on stimulus strength and attentional
manipulations. While a few of the studies shown in figure 2
incorporate no-report conditions and/or task-irrelevant
stimuli—an issue that we will unpack in a later section—
most involve trial-by-trial reporting of task-relevant stimuli,
leading to an overabundance of data for access consciousness
(cell 6). It will be useful for future studies to more fully
explore this space, particularly those regions most sparsely
represented, such as moderate subliminal and phenomenally
conscious states (cells 2 and 5). Finally, it is worth noting that
this same space (minus the lines separating the six cells) may
also be relevant for theories that view conscious perception as
being more graded or continuous [95-102].

So far, this paper has focused on only two of the many exist-
ing theories concerning the neural basis of consciousness.
GNWT and RPT in many ways lie at extreme ends of the
spectrum of existing theories, which may explain why they
have been so hotly debated over the years. Several other lead-
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us navigate the subtleties of NCC research beyond the basic
tenets of the controversial GNWT and RPT theories.

Prinz’s [10] AIR theory posits that phenomenal conscious-
ness arises when perceptual representations at intermediate
levels of sensory hierarchies are modulated by attention.
From there, this perceptual information becomes available
to various other neurocognitive systems. At first glance, this
proposal may appear to mirror GNWT; however, AIR
theory links phenomenal consciousness with transient accessi-
bility rather than sustained global access. According to AIR
theory, phenomenal consciousness critically depends on
attention, but not incorporation into working memory, and
is the neural equivalent of information that is broadcastable,
while not necessarily being broadcasted or received by other
systems. A consequence of this subtle, yet pivotal, distinction
between AIR and GNWT is that conscious experience is
‘richer’ under AIR theory. Because attention can be focal or
diffused, while working memory is inherently ‘focal’ (limited
to only a few items at a time), we can experience more than
we can report. For example, when viewing the 12 letters in
the classic Sperling array, we initially diffuse our attention
to the whole array (prior to the cue), thus rendering all of
the letters accessible to working memory. But then, as soon
as we focus our attention on a given row (after the cue),
only 3-4 letters can be accessed for report. According to
AIR theory, subjective experience is linked with the first
step in this process, in which attention to perceptual represen-
tations makes this information available for potential
selection into working memory and later stages of cognitive
processing. It follows that if AIR theory is on the right
track, NCCs should be found at earlier and more localized
stages of processing than predicted by GNWT, but at later
stages that involve more widespread cortical interactions
than predicted by RPT. While AIR theory states that only
intermediate-level representations can be consciously experi-
enced, the current proposal of an expanded taxonomy
remains neutral on this issue.

IIT takes a unique approach to the problem of conscious-
ness by working from the phenomenology to neural activity
rather than the other way around [11]. IIT posits that
phenomenal consciousness has cause—effect power (meaning
a physical substrate can both enact changes on itself and be
changed by itself), is inherently integrated (irreducible to
subcomponents), is structured (composed of several qualia,
or subjective senses) and is distinct (each experience is differ-
entiated from other experiences). According to IIT, the level
of consciousness is related to the quantity of integrated infor-
mation (denoted as ¢™*), while the content of consciousness
corresponds to the shape of the structure of integrated infor-
mation [11]. Multiple structures may exist at any one time,
but only the major complex (the structure with the maxi-
mum cause—effect power) forms the neural substrate of
phenomenal consciousness. While 1IT begins with axioms
pertaining to experience rather than to neural mechanisms
or cognitive processes, one of the main goals is to eventually
link these core aspects of phenomenology to physical sub-
strates in the brain. To date, IIT has focused more on
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are known to exist outside of awareness [12]. According to
HOTs, an extra step of higher-order processing is required
for conscious experience to arise. This extra step occurs
when neural populations in prefrontal (and perhaps parietal)
areas index lower-level perceptual states. In one version of
HQOT, this higher-order mechanism is proposed to carry out
a computation analogous to perceptual reality monitoring
in which the reliability of first-order representations is
assessed to determine if they accurately reflect the external
world in the present moment—i.e. a type of ‘sensory meta-
cognition’ (H. Lau, 2018, personal communication). Again,
while HOTSs are easily distinguished from first-order theories,
such as RPT, such theories initially appear quite similar to
GNWT. However, HOTSs diverge from GNWT by remaining
neutral about the possible relevance of higher-order proces-
sing to behaviour. While GNWT argues that consciousness
serves critical functions related to cognitive control and
global information exchange, HOTSs only posit that awareness
arises when a higher-order mechanism indexes lower-order
information (which may or may not serve specific behaviour-
al functions). In addition, HOTs predict a dedicated higher-
order neural mechanism that is likely to be more spatially
and temporally circumscribed compared to the sustained
global ignition posited by GNWT. Finally, while HOTs typi-
cally propose a critical involvement of the prefrontal cortex in
conscious awareness [105], IIT and AIR theory do not [10,11].

While consciousness researchers often focus on trying to
challenge one or more of these leading theories, it remains
possible at this early stage of empirical investigation that
each of the major theories discussed here contains a piece
of the larger puzzle. For example, phenomenal consciousness
might arise at an early stage of processing (consistent with
RPT), while critically depending on attention (consistent
with GNWT and AIR). The interaction between attention
and perceptual representations may be most closely linked
with phenomenal experience (consistent with AIR), and
such an interaction is inherently a second-order operation
(broadly consistent with HOTSs). It could even be the case
that the interaction between fronto-parietal (or subcortical)
attention networks and perceptual representations necessarily
results in maximal complexes of integrated information
(consistent with 11T).

Overall, in our view, current scientific research on the
neural basis of consciousness is theory-rich but data-poor.
This is especially true for non-visual sensory modalities
[87]. Each of the current leading theories may be on the
right track. While critically testing these theories and inter-
preting new data in relation to their main tenets remains a
viable research strategy, a parallel strategy is to focus on
developing new experimental designs that can better isolate
neural correlates of phenomenal consciousness from closely
related neural events in a theory-neutral manner.

Recent proposals have advocated for the development of
novel ‘no-report’ paradigms in order to more precisely dis-
tinguish NCCs from neural correlates of performing a
reporting task [13,106]. This idea was partially motivated
by an earlier proposal in which Aru et al. [107] warned
researchers to avoid confusing neural prerequisites and

consequences of conscious perception with the ‘NCC
proper’ (see also [108]). The short-hand label ‘no-report para-
digms’, however, is misleading because the problem is not
with subjects pressing response buttons or giving verbal
reports per se. Instead, the main issue is to avoid confusing
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