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Progress in the scientific study of consciousness has been impeded by several fun-
damental controversies. One pertains to a major divide between theories: sensory
versus cognitive. Here, we argue that the key to resolving this controversy is to re-
evaluate the conceptual distinction proposed by Block in 1995 between phenome-
nal consciousness (P) and access consciousness (A). We propose that P and A
should not be understood as two different types of consciousness, but as two nec-
essary conditions for consciousness. We illustrate how this conceptual shift allows
making substantial progress in answering several unresolved questions, such as
the neural mechanisms and functions of consciousness, and the relationship be-
tween consciousness and attention. Our proposal motivates a selective unification
across these different classes of theories.

Cognitive versus sensory theories of consciousness

Despite decades of concerted efforts directed at identifying the neural basis of consciousness
[1-4], there are still more open questions than answers: what are the neural mechanisms specif-
ically involved in conscious (versus unconscious) processing? How do they unfold in time? Does
consciousness have a specific function? How is it related to attention? Does it interface with other
cognitive functions, or is it encapsulated from them? Is it rich or sparse?

Researchers studying consciousness disagree on these questions, as evidenced by correspond-
ing divides among theories of consciousness (see Glossary) [5,6]. As a case in point, consider
the debate around the neural correlates of consciousness being mostly anterior [7] or posterior
[8]. With respect to theories of consciousness, this conflict typically (although not exclusively)
aligns with the distinction between cognitive theories of consciousness and sensory theo-
ries of consciousness [9,10].

Cognitive theories, such as the Global Neuronal Workspace Theory (GNWT) [11], posit that
cognitive processes implemented in non-sensory cortices (i.e., frontoparietal networks) are
needed for sensory content to be consciously experienced. By contrast, sensory theories,
such as the Integrated Information Theory (lIT) [12], commonly argue that certain kinds of
processing within sensory cortices are sufficient for consciousness, while the apparent necessity
of cognitive processing stems from design confounds in experiments that ask participants to re-
port what they experience [13].

To address this conflict, several experiments in recent years have used ‘no-report’ methods
[13,14] to test whether neural activity in sensory areas is sufficient for conscious perception or
whether non-sensory areas, and specifically the prefrontal cortex (PFC), have a necessary role
[14-19]. No-report manipulations typically lead to substantial reductions in the extent of PFC
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Box 1. What do we mean by access? This reframing can help settle key de-
Access consciousness, as defined by Block [45], refers to the availability of information to cognitive systems. If some in- bates about consciousness, relating to
formation is A conscious, the system/creature is able to report it, reason about it, and use it to guide flexible behaviors. its neural correlates, richness, functions,
Notably, since ‘access’ is a transitive verb, it implies that something or someone is doing the accessing. Thus, the notion and relationship with attention.

might be taken to be homuncular or even dualist.

However, this is not what Block meant by ‘access’, and not what we mean by it here either. The brain is not a single uniform
information-processing substrate, but rather is a collection of different, more or less independent, subsystems that interact
(the theorist Daniel Kahneman long ago grouped them into ‘system 1’ and ‘system 2’ [47]). Thus, ‘access’ refers to the
availability of information encoded in certain subsystems involved in perceptual decision-making to other subsystems that
have their own particular relationship with behavior; exactly which subsystems remains a matter of contention that we do
not aim to settle here.

Another potential confusion might hold ‘access’ to refer to ‘objective’ or ‘physical’ aspects of consciousness while
‘phenomenal’ refers to ‘subjective’ or ‘mental’ aspects [108]. To clarify, we think that both the A and P conditions
are characteristics of mental states, which, as we adopt a physicalist stance, are physical states. Furthermore, al-
though phenomenality is indeed subjective, we hold that, similar to access, it can also be studied using objective
scientific measures (for recent attempts, see [70,109,110]).

involvement, leaving activity patterns in sensory cortices largely unaffected, although recent stud-
ies have found some evidence for frontal activity tracking conscious perception in Binocular Ri-
valry in the absence of report [15,16]; (for reviews and discussions, see [17]). Moreover, using a
variety of manipulations and after ruling out task-related activity, most no-report studies have
found that subareas of PFC (e.g., inferior frontal cortex) remain linked with conscious visual per-
ception [17]. Overall, these results provide both supporting and countervailing evidence for these
two classes of theory: some of the predictions made by prominent cognitive theories should be
revised, such as those linking consciousness with ‘widespread’ or ‘global’ neural activity patterns
[11]. However, the claim regarding the need for PFC, alongside other domain-general areas, ap-
pears to have survived these tests, which challenges the strong sufficiency claim made by sen-
sory theories [18].

Another controversy pointing to a similar conclusion pertains to predictions about the mainte-
nance of a conscious percept over time. GNWT and IIT provide divergent predictions about the
neural substrates of sensory experiences that last for different durations [19,20]. IIT predicts
that sustained patterns of neural activation in posterior sensory regions should match the dura-
tions of the stimuli, serving as proxies for the duration of experience. GNWT predicts that brief ‘ig-
nitions’ in prefrontal and parietal cortices should index updates to the workspace. Interestingly,
results from a set of recent no-report experiments provided support for both of these predictions
[19,21,22] (although ignitions were mostly found for stimulus onset rather than offset; see also
[23]). In other words, at least some aspects of these supposedly competing classes of theories
may be simultaneously correct.

Taken together, these examples call for a more nuanced approach to theory testing and
development. While more extreme versions of sensory and cognitive theories are chal-
lenged by recent empirical data (i.e., those that claim processing in sensory areas is suffi-
cient for consciousness, or that global, widespread information sharing is necessary for
consciousness), key aspects of each class of theories remain supported by recent data
and may be jointly needed to solve the larger puzzle of consciousness. If so, then instead
of arbitrating between these theories and trying to find points of disagreement [6,19,24],
it might be more fruitful to develop a framework under which both cognitive and sensory
theories might complement each other and potentially even be integrated [25-31]. Thus,
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our goal here is to demonstrate how such an integration might be possible by reframing the
current discussion.

From contradictory to complementary theories: lessons from the history of science
Both divergence and unification have a historical precedent. At one end of the continuum are
clear cases where theories oppose each other. For example, in the debate about the neuron doc-
trine, Cajal argued that neurons are individual units that interact but do not fuse [32], while Golgi
claimed that the nervous system processes information via a large net of fused, non-individuated
axonal structures. Ultimately, in this case, Cajal was correct, directly contradicting Golgi’s
account (but see [33]).

At the other end of the continuum are cases where two opposing theories proved to be comple-
mentary and both correct, each explaining a different aspect or stage of a complex process. A
clear example of such a turn of events was the longstanding competition between Maxwell’s tri-
chromatic theory of color vision and Hering’s opponent-process theory [34,35]. Eventually, both
theories turned out to be correct; they were simply describing different stages of a multistage pro-
cess ([36,37], but see [38]). To explain color vision, a unification, rather than competition, of tri-
chromatic and opponent-process theories was needed.

Perhaps a similar kind of unification might reconcile the seemingly disparate positions of cognitive
and sensory theories of consciousness. Despite several suggestions to that effect [25,26,39,40],
the field has become more divided (e.g., [41-44]). Here, we argue that a unification attempt must
be rooted in a more tectonic shift in the overall conceptual framework. Namely, we argue that
many of the current controversies in consciousness research, with respect to both theories of
consciousness and other key questions, stem from a highly influential proposal, made 30 years
ago, regarding the distinction between phenomenal consciousness and access conscious-
ness [45]. We suggest a reframing of this distinction that might resolve these controversies, while
opening the door to a unification of theories.

P versus A consciousness

In a landmark paper [45], Block argued for a confusion between two types of consciousness. P
consciousness is the qualitative, subjective nature of conscious experiences, or ‘what it is like’
[46] to have them, and A consciousness is the availability of information to cognitive systems,
such that it can be reported, reasoned about, and used to guide flexible behaviors (see Box 1
for further discussion of the meaning of ‘Access’).

Although controversial, the phenomenal/access distinction has been enormously influential. Sig-
nificant effort has been put into empirically substantiating it, either by showing that participants
perceive more than they can report (i.e., that perception overflows report [10,47]; see, for exam-
ple, [48-52]) or by devising situations whereby participants deny having a conscious experience
in real time, but retrospectively report having had the experience [53]. Yet, many question whether
these results indeed support a dissociation between two types of consciousness. Some have
pointed out the difficulty of differentiating between P-without-A consciousness and unconscious
processing [53-57], while others have questioned the absence of access in these studies [58].

A prominent example of the influence of the P versus A distinction can be found in Recurrent
Processing Theory (RPT) [59,60]. RPT holds that phenomenal consciousness can occur inde-
pendently of access, such that participants can have a conscious experience even if they firmly
deny it [60]. Beyond RPT, other theories of consciousness either adopt this distinction, purporting
to explain P consciousness independently of cognitive access [12], or argue that A
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Glossary

Access (A) consciousness: originally
suggested by Block as a type of
consciousness, A consciousness
occurs when some content is available
for the system to use in controlling
reasoning and behavior. Here, we
suggest considering A consciousness
instead as a necessary condition for
consciousness.

Attention Schema Theory (AST):
suggests that the brain has a (second-
order) schema of its own selective
attention. This internal representation
engenders the percept of being
consciously aware of the attended
content.

Cognitive theories of
consciousness: theories that focus on
cognitive mechanisms when explaining
consciousness, typically targeting
access mechanisms that determine how
a certain piece of information becomes
consciously experienced.

Dendritic Integration Theory (DIT):
proposes that consciousness emerges
from the way in which dendrites (the
branched extensions of neurons)
integrate and process electrical signals.
The complex interactions between
dendrites are considered key to
producing the integrated brain activity
associated with conscious awareness.
Functionalism: philosophical theory
according to which mental states,
including consciousness, are defined by
their functional roles rather than by their
physical realization Thus, any system
that performs the same function as a
brain should have consciousness.
Global Neuronal Workspace Theory
(GNWT): posits that consciousness
arises from the global sharing of
information across various brain areas
through a ‘workspace’ of specialized
neurons with long-range projections.
Such global broadcasting allows
integration between different cognitive
processes and access to various
unconscious modules.

Higher Order Theory (HOT): a group
of theories claiming that consciousness
is the result of a higher-order state that
re-represents, indexes, or points at a
first-order representation.

Integrated Information Theory (IIT):
suggests that consciousness is
integrated information generated by a
main complex in the brain. It is
accordingly identical with the unfolded
cause-effect structure that is determined
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consciousness alone can explain its phenomenal aspects [54]. In a way, this distinction stands at
the heart of the divide between cognitive and sensory theories of consciousness, with the former
pertaining more to A consciousness and the latter to P consciousness.

We do not deny that the P/A distinction is meaningful. We agree that the two concepts are not
identical: having access to a bit of information does not logically entail that it will be accompanied
by phenomenal, subjective experience, and perceptual information could be encoded in just the
right way to be (potentially) phenomenally experienced without necessarily being accessed at that
stage. However, critically, we think that Block’s proposed dissociation was itself conceptually
confused, with the confusion lying in the claim that these are two types of consciousness, as op-
posed to two necessary conditions for consciousness.

The main novelty of our suggested framework is not that access is necessary for consciousness,
or that P and A are related to each other. Such claims have been made before, in different ways,
including in the original responses to Block’s target articles (Table 1) ([10,45]; see also [61]). The
novelty here lies in our suggestion that P and A are necessary conditions for consciousness, and
that accepting P and A as such can help resolve several key controversies in the field, from com-
peting classes of theory to disputes about attention, function, and richness, allowing us to move
beyond existing disagreements and facilitating progress.

Our proposed update to Block’s conceptual framework entails that every conscious experience
must have (1) potentially phenomenal content that is (2) accessed. If either 1 or 2 is lacking, it
should be considered as a form of unconscious processing. Accordingly, to be consciously
experienced, a given bit of information must be both potentially phenomenal (i.e., structured in
such a way that provides distinctive qualities from a first-person perspective; P condition) and
accessed (i.e., integrated with other systems, enabling at least a minimal influence on
cognition/behavior; A condition). For example, information must be perceptually organized
(RPT [59)) or differentiated and integrated (IIT [12]) to be potentially phenomenal. Moreover,
some access mechanism, such as global broadcasting (GNWT [11]), higher-order ‘pointers’
that index first-order representations [62], or modeling of selective attention [63], must occur to
make this potentially phenomenal content conscious. Since both conditions must take place
for consciousness to occur, a theory that only explains one of them is necessarily incomplete.

Conscious states must accordingly be available to the system (i.e., capable of influencing it to make a
difference in what it does next), and feel like something to the system (i.e., there is a distinctive first-
person quality to them). For example, an artificial intelligence (Al) system can have access to its internal
states, but that would not necessarily entail that it is conscious (for a recent attempt to formulate
markers for Al consciousness, see [64]) or that this access has any phenomenal content (here, our pro-
posal diverges from GNWT, which equates the two [54,65]). Thus, access, on its own, is not a type of
consciousness. Similarly, if information is processed in a format that is potentially phenomenal
(i.e., giving it a distinctive quality), but is cut-off from having any possible influence on behavior, it re-
mains unconscious [62,66,67]. Critically, our proposal is not merely semantic (i.e., replacing ‘types’
with ‘conditions’); it substantively aims to change the way consciousness is defined (Figure 1, Key fig-
ure), which carries concrete implications for key issues in the science of consciousness, including the
ways in which theories of consciousness should be evaluated, as we describe below (for a similar pro-
posal about the importance of properly defining consciousness, see Lamme’s section in [68]).

While our framework does not specify the precise relationship between the P and A conditions, it al-
lows for the possibility that the two interact. For example, it might turn out that the P condition cannot

fully be met without the A condition also being met, and vice versa; thus, the two might be mutually
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Phenomenal (P) consciousness:
originally suggested by Block as a type
of consciousness, P-consciousness is
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in a specific state. Here, we suggest to
consider P consciousness, instead, as a
necessary condition for consciousness.
Recurrent Processing Theory (RPT):
claims that consciousness depends on
recurrent processing in sensory areas.
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reinforcing. This would be analogous to the relationship between the opening of voltage-gated ion
channels and membrane potential in neurons. The membrane potential cannot significantly depolarize
without the opening of many voltage-gated ion channels and, yet, the opening of many voltage-gated
ion channels depends on the depolarization of the membrane potential. This kind of relationship might
help to explain why the P and A conditions largely track each other and are difficult to isolate (which is
implicit in some theories [11], explicit in others [62], but denied by others [60]).

To be clear, we do not claim that this is the case, but that our framework allows for the possibility
that it is. For example, if information integration turns out to be a key part of the P condition, then
an unfolding perceptual decision, happening over tens or hundreds of milliseconds, might start
with the sharpening of some pattern of neural activity. In turn, this might engage attention (a pu-
tative part of the A condition), which would then sharpen the pattern further, thereby making its
phenomenal character clearer. Another possibility is that the A condition adds a key component
to the P condition, such as the subjective, first-person perspective aspect of phenomenal expe-
rience (as suggested previously by several authors; e.g., Table 1 and [54]). There is much that we
do not yet know, and these are just two conceivable examples among several possible ways that
the A and P conditions might interact. Of course, it may also turn out that the P and A conditions
reflect two successive stages of processing necessary for consciousness, with the only interac-
tion being their sequential dependency (similar to the abovementioned example of trichromatic
and opponent-processing stages of color vision).

Implications of accepting P and A as two necessary conditions for consciousness
Accepting our framework not only resolves the ongoing debate around P and A consciousness; it
has further implications for several key controversies in the field, as described below.

Theories of consciousness

Our proposal suggests that most (if not all) theories of consciousness are incomplete, since they have
been primarily focused on one condition, while mostly neglecting the other. Sensory theories have
mostly targeted the nature of phenomenal content (i.e., what differentiates content that can be expe-
rienced from content that cannot; for example, integration and differentiation, or perceptual organiza-
tion), with some even denying the role of access for consciousness [69]. By contrast, cognitive
theories have focused primarily on the specific kinds of access that might be needed for conscious-
ness (e.g., global broadcasting, a higher order pointer/representation, or a schema of the focus of
one’s attention), mostly neglecting to account for phenomenal character. If our proposal is on the
right track, a more comprehensive theory of consciousness will need to draw from both classes of
theory to explain both the specific neural processes that organize the content in a way that renders
it potentially phenomenal, and the neural processes that enable access (Box 2). In other words,
they should explain both what makes certain content feel the way it does, and how this content
makes a difference in terms of behavior, cognition, and so on [5].

Some might interpret our suggested framework as simply supporting cognitive theories (e.g., [60]) and
challenging sensory theories for being incomplete. However, this would be a misinterpretation: we
argue that both classes of theory are incomplete, as explained above. Notably, this incompleteness
is not symmetric: while sensory theories are explicitly incomplete, by denying that access is needed
for consciousness, cognitive theories are typically only implicitly incomplete in that most of them do
not deny phenomenality, but tend to focus exclusively on explaining why there is an experience (or
not) instead of why an experience feels like this rather than that (for attempts to do so, see [70,71];
also see further discussion in [54]). We accordingly suggest relying on existing theories as starting
points while working toward a more comprehensive account that incorporates both access and phe-
nomenology.
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Importantly, this shift in thinking about P and A can serve as a strategic vantage point for empir-
ically comparing theories. Some of the recent adversarial collaborations in consciousness re-
search have attempted to pit a specific cognitive theory against a specific sensory theory
(e.g., [19]). Perhaps it might be more productive to arbitrate between theories within each explan-
atory domain (phenomenal content or access), while unification might be called for between the
two domains (Table 2, Box 2).

Brain regions involved in consciousness

Reconciling theories of consciousness has implications for the ongoing controversy over the neu-
roanatomical substrates of consciousness (i.e., the ‘front versus back’ debate [7,8,72]). Assum-
ing that posterior areas mostly subserve the phenomenal content while anterior ones implement
access, our suggestion implies that instead of ‘either/or’, we should accept an ‘and’ account, as-
cribing a necessary role to both areas. Naturally, more work is needed to identify the exact mech-
anisms that underlie phenomenality and access. Yet, we suggest that such work would be more
productive if conducted under the assumption that the neural mechanisms of both conditions are
needed, in line with the abovementioned findings, rather than debating which is the ‘true’ neural
correlate of consciousness.

Timing of consciousness

Similarly, early and late correlates of consciousness (e.g., ~100-300 ms versus ~300-500 ms after
stimulus onset [73-75]) have been claimed to implement P and A consciousness, respectively,
evoking longstanding debates over the timing of consciousness. Instead, a more productive
approach reframes the question by accepting that the processes leading to conscious per-
cepts unfold over time [76,77]. Similar to the multi-stage model that was eventually accepted
for color vision, we surmise that the establishment of phenomenal content and the subsequent
(or concurrent) access of this content are two necessary conditions for conscious processing.
This would again align with empirical evidence for both early and late neural correlates of con-
sciousness [42].

Functions of consciousness

Another open question pertains to the functional role of consciousness: are there functions for
which consciousness is necessary? Here too, theories of consciousness are divided, with
some suggesting a functional role [e.g., GNWT, RPT, Dendritic Integration Theory (DIT),
Attention Schema Theory (AST), and some versions of Higher Order Theory (HOT)]
(Box 2), and some denying it (e.g., IIT and some versions of HOT). Interestingly, the divide
here does not cut between access-based and phenomenal-based theories, because RPT,
which explicitly focuses on P consciousness, makes some functional claims [78]; and some
versions of HOT, which explicitly focus on A consciousness, do not [62].

Under our framework, since every conscious state comprises accessed phenomenal content,
and because access allows for some functions (at the very least, the action of reporting), our pro-
posal entails that consciousness has some functions (see Box 3 for further explanation).

Relationship between consciousness and attention

Another critical debate asks about the relationship between attention and consciousness [79,30].
Some theories hold that attention is needed for information to be consciously experienced
(e.g., GNWT [66,81,82] and AST [39,63]), while others (e.g., RPT [59,69]) suggest that informa-
tion is first P conscious, and only later does attention allow cognitive access for report and
other task-related processing. In our view, both sides of this debate oversimplify the potential
contributions that attentional mechanisms make to consciousness.

6 Trendsin Cognitive Sciences, Month 2025, Vol. xx, No. xx
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Box 2. A short primer about theories of consciousness

To say that there are ‘many’ theories of consciousness is an understatement, and new theories appear to emerge before
we are able to evaluate and understand existing ones. Much has been written on ‘theories of consciousness’ [5,6], and a
comprehensive treatment of them is beyond the scope of this article. However, it is instructive to look at how some of them
fare in light of our suggestion. Some theories are more A-centric and some more P-centric, and accepting our argument
suggests that some pairs of theories long thought to be at odds are, in fact, complementary.

One way to compare and contrast theories is to look at what they propose as mechanisms for establishing the ‘right kind’
of perceptual information encoding (i.e., phenomenal content) versus what they propose as mechanisms for ‘access’ to
that information (Table 2). IIT, which is a more P-centric theory, proposes the integration and differentiation of information
as the mechanism (or criterion) for encoding content [12]. The richness, or informativeness, of that content is given by the
numerical value phi, which is computed based on the degree of integration and differentiation of information. The subset of
that information that is ‘present in’ consciousness, is proposed to be that which belongs to the ‘main complex’, that is, the
set of elements in a system that generates the maximum amount of integrated information.

By contrast, GNW is a more A-centric theory, where the mechanism for access is deemed to be the global ‘broadcast’ of
information, heralded by an abrupt nonlinear global ignition event in the cerebral cortex [11]. GNW does not clearly specify
what qualifies encoded perceptual information for a role in consciousness, other than being broadcast (but see section 6.2
in [81] for an early suggestion about integrating parts of IIT with GNW). Under the framework proposed here, and taken
individually, neither IIT nor GNW fully account for subjective experience since each only accounts for one necessary con-
dition. From this vantage point, we might conclude that the two theories could in fact be complementary.

Other modern theories, such as RPT, DIT, HOTs, and AST, offer their own proposed mechanisms (or criteria) for either
content or access, in such various ways that some theories are deemed incommensurate [107]. The suggestion that dif-
ferent facets of all current theories can be combined into one general theory of consciousness may be overly optimistic, but
amore selective integration may offer opportunities for progress in the scientific study of consciousness that have not been
considered previously.

Table 2. Mechanisms of content and access suggested by core claims of different theories of conscious-
ness

Theory  Mechanism for content Mechanism for access
T Integration and differentiation ?
GNWT  ? Global broadcasting
RPT Perceptual organization, local recurrent ?
processing
DIT ? Integration into thalamocortical processing loop
AST ? Attention schema
HOT ? Second-order representation/indexing

Question marks denote unaccounted-for or underdeveloped domains. We suggest that, rather than comparing predictions
across the domains (i.e., between columns), it might be more beneficial to contrast predictions within each domain
(i.e., between rows).

Given that our argument considers both P and A conditions necessary for any conscious expe-
rience, attentional mechanisms could be needed for realizing one or both of these conditions.
In this sense, our proposal does not decisively resolve this debate, but offers a solution that brings
it into better alignment with cognitive neuroscience research on attention. The classic debate re-
garding whether attentional selection operates at early or late stages of sensory perceptual pro-
cessing [83,84] has essentially been resolved, and the answer is both: attentional effects occur
before, during, and after the processes involved in perceptual organization, and in different neu-
roanatomical locations within the sensory processing hierarchies [85-92].

Richness of consciousness
The attention-consciousness debate is often intertwined with the controversy about the rich-
ness of consciousness: whether it is rich or sparse [56,93] and whether perception overflows
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Table 1. Responses to Block’s articles [10,45] conveying similar, but not identical, ideas to those described in

the main text
Source Quote

A'is a necessary condition for consciousness

Harman [111] ‘Trivially, a self is conscious of something only if it
accesses it’
Clark and Kiverstein [112] ‘The contents of conscious phenomenal

experience...must be at least potentially
available for use in the planning and selection of
deliberate, stored-knowledge-exploiting, and
goal-reflecting and goal-responsive, actions’

A'is a necessary condition for P

Church [118] ‘The concept of a phenomenal property is the
concept of a property to which we have a
special sort of access’

Rosenthal [114] ‘There is reason to hold, contra Block, that
phenomenology does always involve some
cognitive access to the relevant experience’

Levine [115] ‘The phenomenon of subjectivity, which is at the
core of phenomenal experience, involves access
essentially’

Harman [116] ‘Not only are the objects of phenomenal

experience cognitive accessible, they are ipso
facto cognitively accessed’

Levine [117] ‘One possibility. ..is that for a state to be
phenomenally conscious it must be accessible
to the subject in some sense, but not necessarily
to the mechanisms responsible for report’

Balog [118] ‘Access to phenomenality: A necessary
condition of phenomenality?’

P is a necessary condition for A

Natsoulas [119] ‘A representation of the content of a
phenomenal mental state is necessary for the
latter state to be access-conscious’

P is a subtype of A

O’Regan and Myin [120] ‘The new form of phenomenal consciousness
seems to be a poor-man’s cognitive access

Sergent and Rees [121] “There is a clear distinction between two types
of report: objective report (accessibility ...
probably via automatic stimulus-response
routes) and subjective report (accessibility as
defined in the term ‘conscious access’). We
propose that this latter form of accessibility is
intrinsic to what Block calls phenomenal
consciousness”

P and A are qualities/features of consciousness

Dennett [122] ‘The varieties of consciousness... can all be
accommodated under the two rough quantitative
headings of richness of content and degree of
influence.... [Block] is inflating differences in
degree into imaginary differences in kind’

A'is equivalent to P

Baars [123] ‘...phenomenal consciousness is the same as
access consciousness’

Main claim

Alis necessary for consciousness

Ais necessary for consciousness

A'is necessary for P (P entails A)

A'is necessary for P (P entails A)

A'is necessary for P (P entails A)

A'is necessary for P (P entails A)

A'is necessary for P (P entails A)

A (to phenomenality) is
necessary for P (P entails A)

P is necessary for A (A entails P)

P is a weaker variant of A

P is intrinsic to a special type of A

P and A are qualities of
consciousness, not two types of
consciousness

Ais equivalent to subjective
experience

In the righthand column, we extract the main claim made in each one of these commentaries to better highlight the similarities

and differences between each claim and our own.
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Key figure

Block’s phenomenal (P) versus Access (A) distinction (left) and our re-
vised version (right)

P & A as two types P & A as two conditions
of consciousness for consciousness

Phenomenal Potentially phenomenal
consciousness content
X Access
1
v v
Access consciousness Consciousness

(Buiwd “6°8) JoinBYSQ O]
(Buiwud “6-8) Joineyaq oy

Behavior (e.g., report) Behavior (e.g., report)

<+
<«

[ Specialized modules @ Content mechanism @ Access mechanism
. . RPT recurrent processing GNWT broadcasting
Unconscious processing IIT  information integraton ~ HOT second order state
AST attention schema
- = » Awithout P (e.g., super blindsight) DIT synchronization

¢ P without A (e.g., the refrigerator example)
Trends in Cognitive Sciences

Figure 1. Unconscious processing (gray area) spans over specialized modules (blank boxes), which provide the background
conditions for phenomenal content (green boxes). On the classic account, the latter already represents a type of consciousness
(e.g., in the refrigerator example; see [53]), even if it is not accessible for the observer to report. In our account, this content re-
mains unconsciously processed until an access mechanism (pink arrow) is applied to it, making it consciously perceived and
poised for action/report (yellow boxes). This differs from the classic account, where access is another type of consciousness
that can occur without having any phenomenal content (dashed arrow; super blindsight example [45] or a visual philosophers’
zombie [124]). We further denote which theories of consciousness account for either the content and/or the access mecha-
nisms, and how. Abbreviations: AST, Attention Schema Theory; DIT, Dendritic Integration Theory; GNWT, Global Neuronal
Workspace Theory; HOT, Higher Order Theories; IIT, Integrated Information Theory; RPT, Recurrent Processing Theory.

report [48,50,94-97]. Under our account, conscious perception cannot overflow access be-
cause access is one of the preconditions for consciousness, although it can overflow report
(see [54] in which a useful distinction is made between nonexplicit ‘primary reports’ versus ex-
plicit ‘meta-reports’). The act of reporting is an extra step beyond access, which may involve
additional cognitive constraints. For example, factors, such as memory and/or language,
could limit report while leaving access untouched. Thus, one should be highly cautious when
interpreting results of studies where participants fail to report some attribute or change that oc-
curred (e.g., [98,99]). If consciousness always refers to accessed perceptual contents, we
should specifically not focus on gaps between what one can report and what one can arguably

¢? CellPress
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perceive, or between what one can perceive and what was present in the sensory input. Nei-
ther comparison is relevant to the richness question, because neither probes the richness of
consciousness itself. Instead, a more fruitful avenue would be to take accessed content at
face value, because this is the phenomenon of interest, and study how it is structured, and
how rich it is (e.g., using microphenomenological approaches [100], similarity judgements
[70,71], or other nonverbal, noncategorical types of report [93,101]).

Thus, if a participant fails to report perceiving a change or can only report a subset of items in a
Sperling-like display [102], but insists that they had a rich conscious experience of the display or
of the changed scene, the former fact cannot be used to challenge the latter: both are acts of report
that are useful data points in need of explanation. Given that access and report are not the same
thing, our view allows for richer access relative to the limits of report (verbal or otherwise). Further-
more, such investigations might benefit from examining ongoing experiences, rather than single
snapshots, because conscious experiences evolve over time. Even if a single glance affords extrac-
tion of little detailed information [103], the crucial question is what happens when multiple glances
are integrated (over the critical window of integration [104]). This would also bring us closer to un-
derstanding what the unique features of consciously experienced content are. The debate about
the richness of conscious experience might then shift from P versus A to questions about the
timing, duration, and temporal integration of successive cycles of P + A [105].

Concluding remarks

Despite making considerable progress over the past 30 years, the scientific study of conscious-
ness has reached an impasse. Endless debates at both the empirical and conceptual levels
[19,61,1086], along with entrenched theoretical camps [43,44], threaten to hamper progress. Not-
withstanding the complexity of these questions, which have been debated for decades, we argue
here that many of these controversies could be resolved, or at least the debate might be more pro-
ductive, by accepting that P and A are not types of consciousness but rather two necessary con-
ditions for consciousness. Taking this stance provides several additional advantages. First, it
resolves the widely criticized tension embedded in the claim that one can have a conscious expe-
rience of which one is not aware (P without A). Second, it unifies the concept of consciousness,
providing one definition (comprising two necessary conditions), avoiding the need to assume the
existence of three different types of consciousness (P only, A only, and P + A). Third, it dissolves
one of the biggest challenges directed at the P versus A dissociation: how to differentiate between
P-without-A and unconscious states. Under our account, both P-without-A and A-without-P are

Box 3. Functional role of consciousness

In the main text, we suggested that our definition of P and A as necessary conditions for any conscious experience implies
that consciousness has some functions (at the very least, the function of enabling the act of reporting, including minimal
self-reporting [54]). Two clarifications are in order here.

First, our position does not imply that the functions of consciousness are necessarily driven by the phenomenal aspect of expe-
rience. They might be fully determined by the access aspect of it. Second and consequently, our suggestion does not imply that a
system that implements these functions would necessarily be conscious. That is, if a certain function only depends on the infor-
mation being accessed by the system, and not on the fact that this information ‘feels a particular way’ to the system, it might be
possible to have a non-conscious system (e.g., an artificial inteligence) that implements access mechanisms without having any
phenomenal experiences. As we explained above, such a system would not be conscious.

Thus, we are not arguing here that every system that fulfills all the functions that are associated with consciousness (assuming
we know what these are) is conscious; that would depend on whether functionalism (.e., the claim that if system A is con-
scious, and system B is functionally equivalent to a system A, system B is also conscious) is true. Our argument here does not
entall that it is (for discussions, see [64,125]). The immediate implication of our claim is that consciousness has some func-
tions. Whether these functions only depend on the accessibility afforded by consciousness [65], or on the phenomenality of it
[126], or both, is a matter of debate and in need of further research, much like whether functionalism is true.
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Outstanding questions

What constitutes ‘the right format’
that renders information potentially
phenomenally experienced?

What is the critical mechanism that
provides access to a certain state?

Which experiments could pit proposed
access mechanisms against each
other? Which experiments could do
the same for proposed mechanisms
underlying potentially phenomenal
content?

Which experiments could help us
identify neural mechanisms for the
most minimal form of access and/or
phenomenal content?

How can theories of consciousness be
integrated into a comprehensive
account that explains both the P and
A conditions to consciousness?

Are the A and P conditions indepen-
dent or interdependent?

How do the sequential requirements of
the P and A conditions influence the
temporal dynamics of perceptual
consciousness?
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types of unconscious processing (which, in the former case, can retrospectively become con-
scious by gaining access [53]). Thus, we argue that the science of consciousness would benefit
from replacing ‘P consciousness’ and ‘A consciousness’ with the P-condition and A-condition
for consciousness, together defining two of the necessary conditions for consciousness. This con-
ceptual shift would then pave the way for future efforts aimed at a selective unification of sensory
and cognitive theories of consciousness (see Outstanding questions).

Acknowledgments

We thank Jaan Aru, Tim Bayne, Henry Bentley, Michael Cohen, Shai Fischer, Eva Jablonka, Niccolo Negro, and Hongju Pae
for comments on earlier versions of this manuscript. We also thank Ned Block and two anonymous reviewers for excellent
suggestions during the review process, and to the participants of the Tests for Consciousness meeting at Duke University
in April 2025 for their valuable feedback. This work was made possible by a grant from the Templeton World Charity
Foundation (TWCF-2023-32205). The opinions expressed in this publication are those of the authors and do not necessarily
reflect the views of the Templeton World Charity Foundation.

Declaration of interests
The authors declare no competing interests.

References

1.

N

w

Koch, C. et al. (2016) Neural correlates of consciousness: prog-
ress and problems. Nat. Rev. Neurosci. 17, 307-321

. Aru, J. et al. (2012) Distiling the neural correlates of conscious-

ness. Neurosci. Biobehav. Rev. 36, 737-746

. Chalmers, D.J. (2002) What is a neural correlate of conscious-

ness? In Vision and Mind: Selected Readings in the Philosophy
of Perception (Noé, A. and Thompson, E., eds), pp. 17-39, MIT
Press

20.

processing to conscious vision: perceptual functions and neural
mechanisms that mark the transition from unconscious pro-
cessing to conscious vision. Open MIND 22, 1-34

. Cogitate Consortium et al (2025) Adversarial testing of global

neuronal workspace and integrated information theories of con-
sciousness. Nature 642, 133-142

Melloni, L. et al. (2021) Making the hard problem of conscious-
ness easier. Science 372, 911-912

4. Hohwy, J. (2009) The neural correlates of consciousness: new 21. Vishne, G. et al. (2023) Distinct ventral stream and prefrontal
experimental approaches needed? Conscious. Cogn. 18, cortex representational dynamics during sustained conscious
428-438 visual perception. Cell Rep. 42, 112752
5. Seth, AK. and Bayne, T. (2022) Theories of consciousness. 22. Broday-Dvir, R. et al. (2023) Perceptual stability reflected in neu-
Nat. Rev. Neurosci. 23, 439-452 ronal pattern similarities in human visual cortex. Cell Rep. 42,
6. Doerig, A. et al. (2021) Hard criteria for empirical theories of 112614
consciousness. Cogn. Neurosci. 12, 41-62 23. Naccache, L. et al. (2025) GNW theoretical framework and the
7. Odegaard, B. et al. (2017) Should a few null findings falsify pre- ‘Adversarial testing of global neuronal workspace and inte-
frontal theories of conscious perception? J. Neurosci. 37, grated information theories of consciousness’. Neurosci.
9593-9602 Conscious. 2025, niaf037
8. Boly, M. et al. (2017) Are the neural correlates of consciousness 24. Signorelli, C.M. et al. (2021) Explanatory profiles of models of
in the front or in the back of the cerebral cortex? Clinical and consciousness - towards a systematic classification. Neurosci.
neuroimaging evidence. J. Neurosci. 37, 9603-9613 Conscious. 2021, niab021
9. Block, N. (1995) How many concepts of consciousness? 25. Northoff, G. and Lamme, V. (2020) Neural signs and mecha-
Behav. Brain Sci. 18, 272-287 nisms of consciousness: is there a potential convergence of
10. Block, N. (2007) Consciousness, accessibility, and the mesh theories of consciousness in sight? Neurosci. Biobehav. Rev.

between psychology and neuroscience. Behav. Brain Sci. 30, 118, 568-587

481-499 26. Storm, J.F. et al. (2024) An integrative, multiscale view on neural
11. Mashour, G.A. et al. (2020) Conscious processing and the theories of consciousness. Neuron 112, 1531-1552

global neuronal workspace hypothesis. Neuron 105, 776-798 27. Fazekas, P. et al. (2024) A construct-first approach to
12. Tononi, G. et al. (2016) Integrated information theory: from con- consciousness science. Neurosci. Biobehav. Rev. 156,

sciousness to its physical substrate. Nat. Rev. Neurosci. 17, 105480

450-461 28. Pae, H. (2025) Reflective analysis on empirical theories in con-
13. Tsuchiya, N. et al. (2015) No-report paradigms: extracting the sciousness. Front. Psychol. 16, 1571098

true neural correlates of consciousness. Trends Cogn. Sci. 29. Bandara, K.H. et al. (2025) Computational modelling shows ev-

19, 757-770 idence in support of both sensory and frontal theories of con-
14. Frassle, S. et al. (2014) Binocular rivalry: frontal activity relates to sciousness. Neurosci. Conscious. 2025, niaf033

introspection and action but not to perception. J. Neurosci. 34, 30. Kirkeby-Hinrup, A. et al. (2025) The multiple generator hy-

1738-1747 pothesis of consciousness. Neurosci. Conscious. 2025,
15. Dwarakanath, A. et al. (2023) Bistability of prefrontal states niaf035

gates access to consciousness. Neuron 111, 1666-1683 31. He, B.J. (2023) Towards a pluralistic neurobiological under-
16. Kapoor, V. et al. (2022) Decoding internally generated transi- standing of consciousness. Trends Cogn. Sci. 27, 420-432

tions of conscious contents in the prefrontal cortex without sub- 32. Glickstein, M. (2006) Golgi and Cajal: the neuron doctrine and

jective reports. Nat. Commun. 13, 1535 the 100th anniversary of the 1906 Nobel Prize. Curr. Biol. 16,
17. Panagiotaropoulos, T.I. (2024) An integrative view of the role of R147-R151

prefrontal cortex in consciousness. Neuron 112, 1626-1641 33. Yang, A. et al. (2023) Evolution of the nervous system extrapo-
18. Lamme, V. (2015) The crack of dawn: perceptual functions and lated from ctenophore and the resurrection of Golgi's reticular

neural mechanisms that mark the transition from unconscious

theory? Neurosci. Bull. 39, 1895-1897

Trends in Cognitive Sciences, Month 2025, Vol. xx, No. xx

11


http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0005
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0005
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0010
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0010
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0015
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0015
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0015
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0015
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0020
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0020
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0020
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0025
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0025
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0030
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0030
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0035
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0035
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0035
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0040
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0040
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0040
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0045
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0045
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0050
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0050
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0050
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0055
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0055
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0060
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0060
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0060
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0065
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0065
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0065
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0070
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0070
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0070
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0075
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0075
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0080
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0080
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0080
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0085
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0085
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0090
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0090
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0090
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0090
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0090
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0095
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0095
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0095
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0100
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0100
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0105
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0105
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0105
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0110
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0110
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0110
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0115
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0115
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0115
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0115
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0120
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0120
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0120
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0125
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0125
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0125
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0125
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0130
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0130
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0135
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0135
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0135
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0140
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0140
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0145
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0145
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0145
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0150
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0150
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0150
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0155
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0155
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0160
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0160
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0160
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0165
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0165
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0165

- ¢? CellPress

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

12

Jacobs, G.H. (2014) The discovery of spectral opponency in vi-
sual systems and its impact on understanding the neurobiology
of color vision. J. Hist. Neurosci. 23, 287-314

Hurvich, L.M. and Jameson, D. (1957) An opponent-process
theory of color vision. Psychol. Rev. 64, 384-404
Schrédinger, E. (1994) On the relationship of four-color theory
to three-color theory. Color. Res. Appl. 19, 37-47

Luria, S.M. (1966) Color vision. Phys. Today 19, 34-41
Conway, B.R. et al. (2023) Color appearance and the end of
Hering’s Opponent-Colors Theory. Trends Cogn. Sci. 27, 791-804
Graziano, Michael (2024) lllusionism big and small: some options for
explaining consciousness. eNeuro 11 ENEURO.0210-24.2024
Wiese, W. (2020) The science of consciousness does not need
another theory, it needs a minimal unifying model. Neurosci.
Conscious. 2020, niaa013

Kirkeby-Hinrup, A. et al. (2025) Methodological issues in con-
sciousness research: theory comparison, the role of empirical
evidence, and a replication crisis. Front. Psychol. 16, 1633907
Yaron, |. et al. (2022) The ConTraSt database for analysing and
comparing empirical studies of consciousness theories. Nat.
Hum. Behav. 6, 593-604

IIT-Concerned et al. (2025) ). What makes a theory of con-
sciousness unscientific? Nature neuroscience 28, 689-693
Tononi, G. et al. (2025) Consciousness or pseudo-
consciousness? A clash of two paradigms. Nat. Neurosci. 28,
694-702

Block, N. (1995) On a confusion about a function of conscious-
ness. Brain Behav. Sci. 18, 227-247

Nagel, T. (1974) What is it like to be a bat? Philos. Rev. 83,
435-450

Morewedge, C.K. and Kahneman, D. (2010) Associative pro-
cesses in intuitive judgment. Trends Cogn. Sci. 14, 435-440
Block, N. (2011) Perceptual consciousness overflows cognitive
access. Trends Cogn. Sci. 15, 567-575

Vandenbroucke, A.R.E. et al. (2012) Non-attended representa-
tions are perceptual rather than unconscious in nature. PLoS
One 7, 50042

Bronfman, Z.Z. et al. (2014) We see more than we can report:
‘cost free’ color phenomenality outside focal attention. Psychol.
Sci. 25, 1394-1403

Landman, R. et al. (2003) Large capacity storage of integrated
objects before change blindness. Vis. Res. 43, 149-164
Narker, M. et al. (2025) Sensitivity to visual features in
inattentional blindness. eLife 1-72

Amir, Y.Z. et al. (2023) Experiencing without knowing? Empirical
evidence for phenomenal consciousness without access.
Cognition 238, 105529

Naccache, L. (2018) Why and how access consciousness can
account for phenomenal consciousness. Philos. Trans. R.
Soc. B Biol. Sci. 373, 20170357

Phillips, I. (2018) The methodological puzzle of phenomenal
consciousness. Philos. Trans. R. Soc. B Biol. Sci. 373,
20170347

Kouider, S. et al. (2010) How rich is consciousness? The partial
awareness hypothesis. Trends Cogn. Sci. 14, 301-307
Phillips, 1.B. (2011) Perception and iconic memory: what
sperling doesn’t show. Mind Lang. 26, 381-411

Ward, E.J. et al. (2016) Can you perceive ensembles without
perceiving individuals? The role of statistical perception in deter-
mining whether awareness overflows access. Cognition 152,
78-86

Lamme, V.A.F. and Roelfsema, P.R. (2000) The distinct modes
of vision offered by feedforward and recurrent processing.
Trends Neurosci. 23, 571-579

Lamme, V.A.F. (2010) How neuroscience will change our view
on consciousness. Cogn. Neurosci. 1, 204-220

Fazekas, P. and Overgaard, M. (2018) Perceptual conscious-
ness and cognitive access: an introduction. Philos. Trans. R.
Soc. B 373, 20170340

Brown, R. et al. (2019) Understanding the higher-order ap-
proach to consciousness. Trends Cogn. Sci. 23, 754-768
Graziano, M.S.A. (2022) A conceptual framework for con-
sciousness. Proc. Natl. Acad. Sci. U. S. A. 119, 2116933119
Butlin, P. et al. (2023) Consciousness in artificial intelligence: in-
sights from the science of consciousness. arXiv Published

Trends in Cognitive Sciences, Month 2025, Vol. xx, No. xx

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

92.

93.

Trends in Cognitive Sciences

online August 17, 2023. http://dx.doi.org/10.48550/arXiv.
2308.08708

Dehaene, S. et al. (2017) What is consciousness, and could
machines have it? Science 358, 486-492

Dehaene, S. et al. (2006) Conscious, preconscious, and sublim-
inal processing: a testable taxonomy. Trends Cogn. Sci. 10,
204-211

Cohen, M.A. and Dennett, D.C. (2011) Consciousness cannot
be separated from function. Trends Cogn. Sci. 15, 358-364
Mudrik, L. et al. (2025) Unpacking the complexities of con-
sciousness: theories and reflections. Neurosci. Biobehav. Rev.
170, 106053

Lamme, V.A.F. (2006) Towards a true neural stance on con-
sciousness. Trends Cogn. Sci. 10, 494-501

Fleming, S.M. and Shea, N. (2024) Quality space computations
for consciousness. Trends Cogn. Sci. 28, 896-906

Tsuchiya, N. and Saigo, H. (2021) A relational approach to con-
sciousness: categories of level and contents of consciousness.
Neurosci. Conscious. 2021, niab034

Raccah, O. et al. (2021) Does the prefrontal cortex play an es-
sential role in consciousness? Insights from intracranial electri-
cal stimulation of the human brain. J. Neurosci. 41, 2076-2087
Koivisto, M. et al. (2010) The role of early visual cortex (V1/V2) in
conscious and unconscious visual perception. Neurolmage 51,
828-834

Forster, J. et al. (2020) ERP and MEG correlates of visual con-
sciousness: the second decade. Conscious. Cogn. 80, 102917
Dembski, C. et al. (2021) Perceptual awareness negativity: a
physiological correlate of sensory consciousness. Trends
Cogn. Sci. 25, 660-670

Salti, M. et al. (2019) Conscious perception: time for an update?
J. Cogn. Neurosci. 31, 1-7

Pereira, M. et al. (2022) A leaky evidence accumulation process
for perceptual experience. Trends Cogn. Sci. 26, 451-461
Lamme, V.A.F. (2020) Visual functions generating conscious
seeing. Front. Psychol. 11, 83

Koch, C. and Tsuchiya, N. (2007) Attention and consciousness:
two distinct brain processes. Trends Cogn. Sci. 11, 16-22
Cohen, M.A. et al. (2012) The attentional requirements of con-
sciousness. Trends Cogn. Sci. 16, 411-417

Dehaene, S. and Naccache, L. (2001) Towards a cognitive neu-
roscience of consciousness: basic evidence and a workspace
framework. Cognition 79, 1-37

Dehaene, S. et al. (2014) Toward a computational theory of
conscious processing. Curr. Opin. Neurobiol. 25, 76-84
Treisman, A.M. (1969) Strategies and models of selective atten-
tion. Psychol. Rev. 76, 282-299

Broadbent, D.E. (1958) Perception and Communication,
Pergamon Press

Pitts, M.A. et al. (2012) Visual processing of contour patterns
under conditions of inattentional blindness. J. Cogn. Neurosci.
24, 287-303

Fahrenfort, J.J. et al. (2017) Perceptual integration with-
out conscious access. Proc. Natl Acad. Sci. U. S. A.
114, 3744-3749

Scholte, H.S. et al. (2006) The influence of inattention on the
neural correlates of scene segmentation. Brain Res. 1076,
106-115

Hutchinson, B.T. (2019) Toward a theory of consciousness: a
review of the neural correlates of inattentional blindness.
Neurosci. Biobehav. Rev. 104, 87-99

Sergent, C. et al. (2005) Timing of the brain events underlying
access to consciousness during the attentional blink. Nat.
Neurosci. 8, 1391-1400

Luck, S.J. and Ford, M.A. (1998) On the role of selective atten-
tion in visual perception. Proc. Natl. Acad. Sci. U. S. A. 95,
825-830

. Zhang, W. and Luck, S.J. (2009) Feature-based attention

modulates feedforward visual processing. Nat. Neurosci. 12,
24-25

Hillyard, S.A. and Anllo-Vento, L. (1998) Event-related brain po-
tentials in the study of visual selective attention. Proc. Natl.
Acad. Sci. U. S. A. 95, 781-787

Haun, A.M. et al. (2017) Are we underestimating the richness of
visual experience? Neurosci. Conscious. 2017, niw023


http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0170
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0170
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0170
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0175
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0175
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0180
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0180
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0185
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0190
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0190
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0195
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0195
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0200
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0200
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0200
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0205
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0205
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0205
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0210
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0210
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0210
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0215
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0215
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0220
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0220
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0220
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0225
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0225
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0230
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0230
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0235
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0235
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0240
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0240
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0245
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0245
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0245
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0250
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0250
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0250
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0255
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0255
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf2005
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf2005
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0260
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0260
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0260
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0265
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0265
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0265
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0270
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0270
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0270
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0275
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0275
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0280
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0280
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0285
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0285
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0285
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0285
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0290
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0290
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0290
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0295
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0295
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0300
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0300
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0300
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0305
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0305
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0310
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0310
http://dx.doi.org/10.48550/arXiv.2308.08708
http://dx.doi.org/10.48550/arXiv.2308.08708
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0320
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0320
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0325
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0325
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0325
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0330
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0330
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0335
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0335
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0335
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0340
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0340
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0345
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0345
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0350
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0350
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0350
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0355
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0355
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0355
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0360
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0360
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0360
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0365
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0365
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0370
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0370
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0370
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0375
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0375
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0380
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0380
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0385
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0385
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0390
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0390
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0395
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0395
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0400
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0400
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0400
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0405
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0405
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0410
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0410
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0415
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0415
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0420
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0420
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0420
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0425
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0425
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0425
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0430
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0430
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0430
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0435
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0435
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0435
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0440
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0440
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0440
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0445
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0445
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0445
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0450
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0450
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0450
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0455
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0455
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0455
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0460
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0460

Trends in Cognitive Sciences

94.

95.

96.

97.

98.

99.

100.

101.

102.

108.

104.

105.

106.

107.

108.

Hawkins, B. et al. (2022) Color diversity judgments in peripheral
vision: Evidence against ‘cost-free’ representations. PLoS One
17, €0279686

Bronfman, Z.Z. et al. (2019) Impoverished or rich conscious-
ness outside attentional focus: recent data tip the balance for
overflow. Mind Lang. 34, 423-444

Overgaard, M. (2018) Phenomenal consciousness and cogni-
tive access. Philos. Trans. R. Soc. B Biol. Sci. 373, 20170353
Jackson-Nielsen, M. et al. (2017) Perception of ensemble sta-
tistics requires attention. Conscious. Cogn. 48, 149-160

Fu, Y. et al. (2023) Attention with or without working memory:
mnemonic reselection of attended information. Trends Cogn.
Sci. 27, 1111-1122

Chen, H. and Wyble, B. (2015) Amnesia for object attributes:
failure to report attended information that had just reached con-
scious awareness. Psychol. Sci. 26, 203-210

Petitmengin, C. et al. (2019) Discovering the structures of lived
experience. Phenomenol. Cogn. Sci. 18, 691-730

Fan, J.E. et al. (2023) Drawing as a versatile cognitive tool. Nat.
Rev. Psychol. 2, 556-568

Sperling, G. (1960) The information available in brief visual pre-
sentations. Psychol. Monogr. Gen. Appl. 74, 1-29

Cohen, M.A. et al. (2016) What is the bandwidth of perceptual
experience? Trends Cogn. Sci. 20, 324-335

Herzog, M.H. (2023) The temporal microstructure of conscious
perception. In Mind and Time (Sturma, D., ed.), pp. 55-70,
Verlag Karl Alber

Herzog, M.H. et al. (2020) All in good time: long-lasting
postdictive effects reveal discrete perception. Trends Cogn.
Sci. 24, 826-837

Olcese, U. et al. (2021) Accelerating research on consciousness: an
adversarial collaboration to test contrasting predictions of the Inte-
grated Information Theory and Predictive Processing accounts of
consciousness. OSF Published online September 23, 2021. http://
dx.doi.org/10.17605/0SF.I0/35RHX

Evers, K. et al. (2024) Assessing the commensurability of theo-
ries of consciousness: On the usefulness of common denomi-
nators in differentiating, integrating and testing hypotheses.
Conscious. Cogn. 119, 103668

de Spinoza, B. et al. (2020) Spinoza’s Ethics, Princeton
University Press

100.

110.

11

.

112.

113.

114

116.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Hirao, T. et al. (2025) A neuroimaging dataset during sequential
color qualia similarity judgments with and without reports. Sci.
Data 12, 389

Lau, H. et al. (2022) The mnemonic basis of subjective experi-
ence. Nat. Rev. Psychol. 1, 479-488

. Harman, G. (1995) Phenomenal fallacies and conflations.

Behav. Brain Sci. 18, 256-257

Clark, A. and Kiverstein, J. (2007) Experience and agency: slip-
ping the mesh. Behav. Brain Sci. 30, 502-503

Church, J. (1995) Fallacies or analyses? Behav. Brain Sci. 18,
261-252

Rosenthal, D.M. (2007) Phenomenological overflow and cogni-
tive access. Behav. Brain Sci. 30, 522-523

Levine, J. (1995) Phenomenal access: a moving target. Behav.
Brain Sci. 18, 261

Harman, G. (2007) What is cognitively accessed? Behav. Brain
Sci. 30, 505

Levine, J. (2007) Two kinds of access. Behav. Brain Sci. 30,
514-515

Balog, K. (2007) Access to phenomenality: a necessary condi-
tion of phenomenality? Behav. Brain Sci. 30, 499-500
Natsoulas, T. (1995) How access-consciousness might
be a kind of consciousness. Behav. Brain Sci. 18,
264-265

O’Regan, J.K. and Myin, E. (2007) Phenomenal consciousness
lite: no thanks! Behav. Brain Sci. 30, 520-521

Sergent, C. and Rees, G. (2007) Conscious access overflows
overt report. Behav. Brain Sci. 30, 523-524

Dennett, D. (1995) The path not taken. Behav. Brain Sci. 18,
252-253

Baars, B.J. (1995) Evidence that phenomenal consciousness is
the same as access consciousness. Behav. Brain Sci. 18, 249
Chalmers, D. (2003) Consciousness and its place in nature. In
The Blackwell Guide to the Philosophy of Mind (Warfield,
S.S.T., ed.), pp. 102-142, Blackwell

Seth, A. (2025) Conscious artificial intelligence and biological
naturalism. Behav. Brain Sci. Published online April 21, 2025.
https://doi.org/10.1017/S0140525X25000032

Cleeremans, A. and Tallon-Baudry, C. (2022) Consciousness
matters: phenomenal experience has functional value.
Neurosci. Conscious. 2022, niac007

¢ CellP’ress

Trends in Cognitive Sciences, Month 2025, Vol. xx, No. xx 13



http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0465
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0465
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0465
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0470
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0470
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0470
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0475
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0475
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0480
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0480
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0485
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0485
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0485
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0490
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0490
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0490
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0495
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0495
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0500
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0500
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0505
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0505
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0510
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0510
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0515
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0515
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0515
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0520
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0520
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0520
http://dx.doi.org/10.17605/OSF.IO/35RHX
http://dx.doi.org/10.17605/OSF.IO/35RHX
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0530
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0530
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0530
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0530
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0535
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0535
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0540
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0540
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0540
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0545
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0545
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0550
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0550
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0555
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0555
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0560
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0560
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0565
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0565
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0570
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0570
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0575
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0575
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0580
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0580
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0585
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0585
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0590
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0590
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0590
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0595
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0595
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0600
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0600
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0605
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0605
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0610
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0610
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0615
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0615
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0615
https://doi.org/10.1017/S0140525X25000032
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0625
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0625
http://refhub.elsevier.com/S1364-6613(25)00320-1/rf0625

	On a confusion about there being two types of consciousness
	Cognitive versus sensory theories of consciousness
	From contradictory to complementary theories: lessons from the history of science
	P versus A consciousness
	Implications of accepting P and A as two necessary conditions for consciousness
	Theories of consciousness
	Brain regions involved in consciousness
	Timing of consciousness
	Functions of consciousness
	Relationship between consciousness and attention
	Richness of consciousness

	Concluding remarks
	Acknowledgments
	Declaration of interests
	References




