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Higher-order theories of consciousness argue that conscious awareness crucially depends on higher-order
mental representations that represent oneself as being
in particular mental states. These theories have featured
prominently in recent debates on conscious awareness.
We provide new leverage on these debates by reviewing
the empirical evidence in support of the higher-order
view. We focus on evidence that distinguishes the
higher-order view from its alternatives, such as the
first-order, global workspace and recurrent visual processing theories. We defend the higher-order view
against several major criticisms, such as prefrontal activity reflects attention but not awareness, and prefrontal lesion does not abolish awareness. Although the
higher-order approach originated in philosophical discussions, we show that it is testable and has received
substantial empirical support.

or process is sufficient to lead to a change in subjective
awareness, even if all first-order representations remain
the same. This distinguishes them sharply from first-order
theories.
Despite many challenges from within philosophy (e.g.
recently [17]), the view has been ably defended ([1,5,6,8];
recently [18,19]). In this article we focus on exciting new
evidence emerging from cognitive neuroscience in support
of the higher-order view that gives the view substantial
empirical credibility.
The link between the higher-order view and neuroscientific data stems from taking the view that first-order
perceptual representations depend on neural activity in
early sensory regions, whereas higher-order representations depend on neural activity mainly in prefrontal (and
Glossary

The empirical implications of higher-order theories of
conscious awareness
Although by no means unanimously supported, the higherorder view of conscious awareness (see Glossary) is popular
among philosophers and scientists alike [1–10]. It is sharply contrasted with first-order theories [11–13], which hold
that a mental state being conscious is determined solely by
the neural or representational character of the perceptual
state (i.e. first-order states). For instance on a first-order
view the conscious experience of seeing a face is determined by the representation of the face alone. Higher-order
theories, by contrast, suggest that first-order representations alone are not sufficient, because some first-order
representations occur outside conscious awareness. Conscious awareness crucially depends on higher-order representations, specifically mental states that represent
oneself as being in the relevant first-order mental states.
The basic motivation is that no mental state is conscious if
one is wholly unaware of being in such a mental state.
The roots of the higher-order view can be traced back to
Locke and Kant [14–16], and there are currently several
variants of the higher-order view (Table 1). Despite the
differences among these variants [16], they hold in common that a mere change in the higher-order representation
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Conscious awareness (sometimes consciousness or awareness for short): a
term that has provoked much controversy. We use it here to refer to perceptual
processes that occur with subjective experience, of which we are aware and
about which we can report under normal circumstances. This contrasts with
perceptual processes that occur without subjectivity, of which we are unaware
and about which we cannot report. The term ‘conscious awareness’ can also
apply to thoughts and volitional states of which one is subjectively aware,
although these are not the main focus here.
Metacognition: cognition that is about another cognitive process as opposed to
about objects in the world. In this article we use it mainly to refer to sensory
metacognition: a cognitive process that concerns the quality or efficacy of a
perceptual process. The capacity of sensory metacognition is sometimes empirically assessed by the correspondence between subjective report and task
performance: how closely are they associated with each other on a trial-by-trial
basis.
Qualitative character of conscious perception (or sometimes qualitative character or mental quality): the subjective experiential character associated with a
perceptual event or process: what is it like for the subject [93].
Subjective ratings/report (of awareness): reports that are either verbal or
expressed via ‘commentary keys’ [3] by the subject, often immediately after
performing a perceptual task. The purpose of these ratings is to indicate whether
a relevant stimulus property has been consciously perceived as opposed to
subjects merely ‘guessing’ in the perceptual task. A similar measure relies on
confidence ratings in a discrimination task. Although the frequency of high
subjective ratings is often correlated with task performance, the two are distinct
and sometimes dissociate [92]. Because a verbal report expresses a thought
about the reported state, higher-order-thought theory provides an explanation
of the widely accepted correlation between conscious awareness and reportability [1].
Task performance: in this article this term mostly refers to performance level in a
perceptual task, such as discrimination between two stimulus alternatives (e.g.
a face vs a house, a gabor patch vs noise or a sound on the left vs a sound on the
right). Task performance is often measured in terms of accuracy (% correct) or
the signal detection theoretic measure d’, which is an estimate of the underlying
processing capacity in terms of signal-to-noise ratio.
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Table 1. Varieties of higher-order approaches to conscious awareness
Name of variant
Higher-order thought
(hot) theory

Higher-order perception
theory
Same-order theory
Dispositional higher-order
thought theory
Higher-order statistical
inference view

Radical plasticity thesis

Essential higher-order mechanism
A thought-like mental state.
(Note: As with most higher-order
theories, this mental state typically
is not conscious)
A perception-like mental state
A state’s referring to itself
A disposition to have a
higher-order thought-like
state
A cognitive process akin
to perceptual decision making

A learning-based
representational
redescription process

How does awareness arise?
When a higher-order thought-like representation
results in one’s being aware of a first-order
representation

Key references
[1]; also endorsed
by [3,101]

When a higher-order perception-like mental
state ‘senses’ a first-order representation
When a mental state with perceptual
content represents itself
When a first-order representation becomes
disposed to be represented by a higher-order
thought-like mental state
When a first-order representation is ‘judged’
by a higher-order decision process to constitute
a statistically reliable perceptual signal. (Note that a
poorly activated higher-order process can still make
faulty decisions, including false alarms. Thus low
activity in the higher-order process does not necessarily
mean low level of awareness.)
When the higher-order process ‘learns’ that a reliable
first-order representation exists within the system.
Because learning results in a thought-like representation,
this is akin to the higher-order thought theory.

[4,5]

parietal) cortex in humans and other primates. By itself,
the higher-order view does not specify this neuroanatomical detail, but this interpretation is accepted by many
authors [2,6] including first-order theorists [12,13]. We
adopt this interpretation throughout this article.
Distinguishing the higher-order view from alternatives
In this article we consider three major alternatives to the
higher-order view: neuronal global workspace theory [20–
22], information integration theory [23] and the first-order
view [11–13,24–26]. These four major theories make different empirical predictions (Table 2).
According to the neuronal global workspace theory [20–
22], neurons with long-range connections in the prefrontal
and parietal areas form a network (i.e. workspace) for
conscious processing. As with the higher-order view, the
global workspace theory predicts that awareness is determined by prefrontal and parietal activity. However, there
is a crucial difference: according to the neuronal global
workspace theory, the awareness-related activity in the

[6,10,102]
[8]

[2,55]

[9,103]

prefrontal and parietal areas is associated with essential
behavioral functions, such as flexible control of behavior,
cognitive control and ability to perform various tasks [20–
22]. So, on this view, the potential for good performance, in
both perceptual and higher cognitive tasks, is crucial for a
representation to be conscious.
The higher-order view, by contrast, is neutral about
whether conscious awareness adds significant utility or
immediate impact on behavior and task performance
[1,27]. This is because the view assumes that task performance in most perceptual and cognitive tasks depends
mainly on first-order rather than higher-order representations. Because conscious awareness can differ even if all
first-order representations remain completely unchanged,
such awareness itself might serve little function [1,27].
Information integration theory [28] holds that awareness
depends on complex patterns of connections between neurons that allow for the representation of many different
possible informational states by a single ‘core’ system. So
far, this core system has not been strictly identified with a

Table 2. Main empirical predictions by major theories of conscious awareness
Theory

Higher-order view

Neuronal global
workspace theory

Predicts changes in relevant
prefrontal (and parietal) activity
is sufficient for changes in awareness
Yes (although it does not predict that
changes in ‘any’ prefrontal or parietal
activity is sufficient; higher-order
representations probably constitute
only a small subset of such activity)
Yes

Information integration
theory

Yes (assuming some ‘relevant’ activity
in prefrontal and parietal cortices
reflects the ‘core’ system)

First-order theories
(including Recurrent
processing view)

No

366

Associates awareness with
performance capacity in
perceptual tasks
No

Associates awareness with
higher cognitive functions
(e.g. cognitive control)
No

Yes (although one alternative is
to adopt a dual channel variant of
the global workspace view; see Figure 1b)
No

Yes

Yes (although not always a consequence
of the theory, first-order theorists have
generally assumed this to be the
case [11–13,25,26])

Maybe (if the task requires
very complex and
context-dependent stimulusresponse mapping)
No
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specific anatomical structure. However, during wakefulness, the core is likely to depend, at least in part, on activity
in the prefrontal and parietal areas where connections are
complex. Regarding functions of conscious awareness, information integration theory does not hold that unconscious
information processing (i.e. outside the core) is necessarily
associated with low task performance. Unconscious processing can be strong and reliable. What it lacks is complexity,
that is, the ability to represent many different possibilities
within a single system. Thus certain higher-level cognitive
tasks that require high context sensitivity, such as complex
stimulus-response mapping, might require awareness (G.
Tononi, personal communication).
The first-order view maintains that conscious awareness is determined by early sensory activity alone, independently of higher-order representations. Thus the
crucial difference between the first-order and higher-order
views is that the latter but not the former predict that
conscious awareness is determined at least in part by
prefrontal and parietal activity.
Therefore, in the group of first-order theorists we include here not only those commonly labeled as such in the
philosophical literature [11] but also theorists, such as Ned
Block [12,13], who hold that the phenomenal qualities of
awareness depend on the biological substrate rather than
merely the content of the first-order representations, as
well as scientists who hold that visual awareness depends
on activity in content-specific regions of the extrastriate
cortex [24,25] or on feedback from these regions to the
primary visual cortex [26].
Most first-order theories explain the difference between
awareness and unawareness by positing that the latter is
associated with weak information [29] or with representations in alternative (e.g. subcortical) sensory pathways.
Thus this view suggests that conscious and unconscious
processing will have different functional consequences.
Whereas
some first-order theorists hold that some higher
[(Figure_1)TD$IG]
(a)

(b)
DLPFC

cognitive functions can be performed without conscious
awareness [30–32], most first-order theorists take a difference in perceptual task performance (e.g. ‘hits’ vs ‘misses’
in a detection task) as evidence for a difference in conscious
awareness [12,13,25,26,33]. In other words, they typically
associate task performance with awareness.
Conscious awareness is associated with specific
prefrontal mechanisms
Numerous neuroimaging studies have identified activations in prefrontal and parietal cortices in association with
conscious awareness [22,34]. On the face of it, these findings support the higher-order, global workspace and information integration views over the first-order view.
The higher-order view can be distinguished from global
workspace theory by conditions in which task performance
is matched but conscious awareness differs. One study [35]
used visual masking to create conditions in which the
subjects’ ability to discriminate between two figures
remained the same; however, subjects claimed to be consciously aware more frequently of the identity of the figure
(i.e. less frequently guessing) in one condition than in the
other. This higher level of awareness was associated with
activity in dorsolateral prefrontal cortex (Figure 1a). Transcranial magnetic stimulation (TMS) applied to this region
also changed subjective reports of awareness without
impairing task performance [36]. These results point toward the higher-order view rather than toward global
workspace theory because global workspace theory suggests that activity in prefrontal cortex reflects not only
conscious awareness but also the capacity for superior task
performance.
One way to account for a change in awareness with
constant task performance is to stipulate the existence of
an independent, parallel, and unconscious channel of processing [21], which contributes to task performance but not
awareness. Thus a change in balance between conscious

Conscious
Process

Subjective
Report

Stimulus
Task
Performance

Unconscious
Process

(c)
Stimulus

FPR

First‐order

Higher‐order

TaskPerformance

Subjective Report
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Figure 1. Prefrontal activity and late-stage metacognitive processes in a hierarchical system. (a) The dorsolateral prefrontal cortex (DLPFC; Brodmann’s areas 46 and 9) has
been implicated in numerous studies of visual awareness [22,34,56], including studies in which task performance was controlled for [35,36,68]. It has also been suggested
that this region is involved in perceptual decision-making [94] and sensory metacognition [36]. Individual structural differences in this area, as well as in the neighboring
frontal polar region (FPR; Brodmann’s area 10), are known to reflect variations in the capacity of sensory metacognition [95] (i.e. how well one can place confidence ratings
to distinguish between one’s own correct and incorrect visual judgments). (b) A dual-process model can account for a change in visual awareness in the absence of a
change in task performance [35,36,68]. To keep overall task performance constant (which depend on both channels), a change in the level of activity in the ‘conscious’
channel needs to be accompanied by a change in activity in the opposite direction in the ‘unconscious’ channel. With this model, one plausible interpretation is that activity
in the conscious channel is reflected by activity in the prefrontal and perhaps other cortical areas, whereas the unconscious channel is reflected by activity in subcortical
areas [21]. (c) More in accord with the higher-order view is a hierarchical model where the first-stage process that drives task performance is not itself conscious, and a
second-stage process ‘monitors’ or responds to changes in the first stage to determine what enters conscious awareness. This is compatible with recent work in
connectionist [9] and diffusion [37] modeling on sensory metacognition. In a study [38] that directly compared the hierarchical model against the dual channel model, it was
found that the former produced better fits to data. Taken together, we suggest that the prefrontal activity implicated in studies of awareness reflects late-stage
metacognitive processing in the hierarchical model.
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Box 1. Conscious perception as a decision process
There is a long and influential tradition in psychophysics that treats
perception as a decision-making process [76]. Given the ubiquitous
presence of noise in all physiological systems, the brain must ‘decide’
whether a certain amount of neural activity represents a reliable
signal or merely baseline fluctuation. This can be achieved by setting
a criterion to distinguish signal from noise [76–78] or by other higherorder interpretative mechanisms that read out the content from the
noisy neuronal code [79].
One might argue that such decision-making mechanisms are
postperceptual and are only for generating responses within the
context of psychological tasks. However, a high level of sensory
activity cannot by itself constitute reliable perception, since it could be
that the baseline noise level is also high, and the signal must be
interpreted within that context. Therefore, these decision mechanisms are integral to the perceptual process itself, unless such a
process does not concern signal quality as in perhaps most cases of
‘subliminal’ perception.
Compared to subliminal perception, normal conscious perception
seems typically to be associated with a relatively high quality of
representation (although that might not always be the case, e.g.
[3,35,36,68] and Figure 2). Conscious information can facilitate serial
processing (e.g. conscious thinking and planning), which is notoriously intolerant to noise as pointed out by von Neumann [80].

Because of this, Dehaene [21] suggested that conscious awareness
might be based on decision mechanisms that set a high criterion to
select only signals of good quality. This can be achieved by the
metacognitive mechanisms described in Figure 1.
The necessity to ‘decide’ what enters conscious awareness based
on a high criterion might be especially clear in temporal contexts. For
example, Libet famously argued that our awareness of an intention to
produce a spontaneous movement significantly lags behind the onset
of the corresponding motor preparation signal in the brain [81].
Recent models [82,83] stipulate that this is because we only become
aware of the motor preparation signal after it ramps up to reach a
certain level of intensity. Nikolov et al. [83] specifically gave an
explanation of why this high criterion strategy can be statistically
advantageous.
These authors [83] also applied the model to another phenomenon
known as attentional prior entry [84,85], whereby attention to an
object can make subjects consciously perceive it as arising earlier
than unattended objects that are presented simultaneously. One
interesting fact about attentional prior entry is that researchers have
failed so far to find early sensory temporal signatures that can
account for the shifts in perceptual onset due to attention [84,85].
Thus, the phenomenon is likely to depend on higher-order mechanisms [83,84].

and unconscious channels can account for a change in
awareness while leaving task performance unchanged
(Figure 1b). However, recent computational modeling work
[9,37,38] suggests that unconscious and conscious processes probably form a serial hierarchy rather than two parallel channels (Figure 1c). In line with the higher-order view,
these computational models suggest that conscious awareness depends on a late-stage monitoring (i.e. metacognitive) process, which determines whether a first-order state
represents reliable information (Box 1). This is likely to be
the mechanism by which awareness of the first-order
states is generated.

patible with the predictions made by the higher-order view
[27] (Table 2).
Note that even if conscious awareness turns out to be
associated with certain specific higher cognitive functions
this does not in itself falsify the higher-order view. One
advantage of the higher-order view over its alternatives is
that it does not make strong a priori assumptions regarding the possible functions of awareness, some of which are
already known not to be true [30,42]. By itself, the higherorder view is not committed to the prediction that awareness has no function whatsoever; it is neutral with respect
to this issue.

The argument from the possible function of conscious
awareness
Although studies of subliminal priming demonstrate that
unconscious information can influence behavior, such influence has traditionally been thought to be minimal
[39,40]. One difficulty in assessing this claim is that the
usual method for rendering a stimulus subjectively invisible involves impairing the perceptual signal itself until
task performance is at chance [41]. Thus, when subjects
perform cognitive tasks poorly with subjectively invisible
stimuli, it is often difficult to know whether that is due to
lack of conscious awareness, since it may instead be due to
a degraded perceptual signal. Therefore, current research
tends to underestimate the power of the unconscious
[27,41]. Despite this methodological problem, recent studies have shown that unconscious information can facilitate
or at least influence higher cognitive functions such as task
preparation [42], self-motivation [43], pursuit of goals [44],
learning [45,46], mental arithmetic [47], response inhibition [30,32], error detection [31], information processing
across sensory modalities [48], as well as combining different features and objects to form a global ‘percept’ [49].
These findings suggest that awareness might not have
‘special’ utility [27,50], at least regarding its immediate
impact on behavior [41,51]. Although this claim is counterintuitive and somewhat controversial [52,53], it is com-

Empirically based criticisms of the higher-order view
It could be argued that the prefrontal activity that occurs
with conscious awareness [22,34] reflects something other
than awareness itself, perhaps attention or access to the
perceptual information. Two studies that have controlled
for attention [24,54] by requiring subjects to perform a task
unrelated to the visual target in question would seem to be
compatible with this argument. These studies found that
visible targets (compared to targets rendered invisible by
masking), when unattended, were associated with activity
in the early visual areas but not in the prefrontal cortex.
This may be taken to suggest that prefrontal activity
reflects attention or access instead of conscious awareness.
(For a related argument that prefrontal activity reflects
postperceptual access or decision making see Box 1.)
However, there is reason to think that this is not the
correct conclusion. Attention may indeed have been a
confounding factor in some previous neuroimaging studies
of conscious awareness. But, attention probably cannot
account for the finding that TMS to the prefrontal cortex
changes subjective reports of awareness [36]. It is unlikely
that the reports in that study differed because TMS manipulated attention, since task performance was unaltered. Second, some higher-order theories do not hold
that conscious awareness is invariably associated with
increased prefrontal activity, for example the higher-order
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Box 2. The myth that prefrontal damage does not affect visual perception
It is often claimed that damage to the prefrontal cortex, unlike
damage to the primary visual cortex, does not abolish visual
awareness [65]. Although this is true in many cases, it is unclear
whether comparing prefrontal and early sensory lesions is fair or
informative, since damage to the primary visual cortex abolishes
most visual input to the rest of the cortex and so can be confounded
with potential distal effects. On the other hand, the prefrontal cortex is
a large and flexible central system [86]. It has been shown that if the
damage to the prefrontal cortex is unilateral (which is typically the
case), the undamaged hemisphere can dynamically ‘take over’ and
contribute to functions normally carried out by the damaged side [87].
Although rare, the case of a patient with large bilateral damages to
the lateral prefrontal cortex has been tested by Knight and colleagues
[86], and the patient was generally unresponsive to external stimuli,
as if conscious awareness was completely abolished. The same group
also found that even when the lesion was unilateral, visual
performance was impaired under a task that required simultaneous
monitoring of visual information presented quickly on both hemifields [88]. Monkeys with large unilateral lesions to the frontal and
parietal cortices are also known to behave as though they are blind
[89]. These results are compatible with the higher-order view as well
as the global workspace and information integration view.
One could argue that these cases [86,88,89] were due to impairments of endogenous attention, rather than of awareness per se.

statistical inference view [55] (Box 2). Moreover, subjects in
the two attention-controlled studies [24,54] were required
to respond to a different task and to ignore the targets; so
there was no behavioral report to ascertain if the targets
were consciously seen under lack of attention [56]. One
might appeal to the results of introspection in doing these
tasks and claim that awareness seems to occur even
though little attention is paid to the targets. However,
[(Figure_2)TD$IG]the reliability of such introspection is questionable [57,58],
(a)

(b)

However, a recent study has reported specific impairments in patients
with smaller lesions to the prefrontal cortex (in particular the frontal
polar region) [90]. It was found that visual discrimination performance
was uniformly impaired under varying degrees of attentional cuing.
Interestingly, the effect on subjective reports was more salient than
the effect on task performance.
Still more specific results can be obtained with TMS. Rounis et al.
[36] reported that TMS targeted at the dorsolateral prefrontal cortex
both lowered subjective reports of visual awareness and impaired
metacognitive ability. Again, the effect was salient in the subjective
reports, whereas task performance was unimpaired. Even though this
study involved bilateral stimulation, unilateral TMS to the right
dorsolateral prefrontal cortex is also known to impair performance in
change blindness [91].
The fact that the effects of prefrontal disturbance can be relatively
specific to subjective reports may explain the paucity of evidence
from animal lesion studies, which mainly rely on task performance
measures. However, because subjective reports are more direct
measures of visual awareness compared to task performance [92]
(Figure 2), this is in agreement with the claim proposed by the higherorder view that the prefrontal cortex is crucial for conscious
awareness, and in particular the subjective aspects (i.e. not only task
performance).

especially because it has been shown that individuals
consistently overestimate what they see in unattended
locations [59] (Figure 2).
A related study [60] showed that, under rapid presentation of visual images, activity in prefrontal cortex was
reduced. However, with rapid representation, it is probable
that subjects consciously saw each image in less detail than
in the control condition, when presentation was slower.
Indeed, image categorization performance decreased unSubject’s response

(c)
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(1st row)

A, X, J, K !

Mid tone
(2nd row)

T, U, X, O!

Low tone
(3rd row)

P, E, Y, I !

No cue
(all letters)

A, X, J, K …
T.. V? … ??
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Figure 2. Inattentional inflation of subjective perception and Block’s puzzle of ‘phenomenological overflow’. (a) Peripheral vision is known to be associated with low spatial
resolution [96] and low color sensitivity [97]. In everyday settings, the periphery also receives little attention compared to the foveal location. Change blindness and
inattentional blindness studies have shown that we are poor at processing object information in unattended locations [98]. Based on these findings, one might expect our
conscious visual experience to be similar to what is shown in (a). However, there is a compelling subjective impression that peripheral vision is less impoverished: in
particular, subjective vision is more similar to what is depicted in (b) rather than (a). This results in a difficulty for the first-order view because early sensory processing
probably does not support vivid details for the periphery [96,97]; how, then, can a first-order view explain the subjective impression of detail? On the higher-order view, one
possibility is that under the lack of attention the higher-order system might mistake noisy early input as reliable signal: it might produce more false alarms and give higher
confidence even when the task performance for unattended objects is not higher than for attended objects. This explanation receives support from Rahnev et al. [59] and
Davidson et al. [99] who showed that although attention positively boosted task performance, it led to more conservative perceptual decisions (i.e. fewer hits and lower
confidence) compared to inattention. This corresponds to the apparent richness of perception at unattended locations where qualitative character is subjectively inflated as
compared to (a). Furthermore, the subjective richness of qualitative character in peripheral vision could be due to memory from previous visual fixations at such locations. If
so, the apparent richness of qualitative character is due to top-down ‘filling in,’ rather than detailed first-order representations at the moment of perception. This again fits
well with the higher-order view. (c) Based on the results of Sperling postcue experiments [100], Block has argued that the richness of some details of our conscious
experiences may overflow our ability to report or access cognitively [12]. In the standard Sperling paradigm, subjects were presented with an array of 12 letters. When cued
for a particular row immediately after the letters disappeared, subjects were able to report the identities of the 4 letters in that row but not all 12 letters. Block argues that
subjects consciously see the identity of all 12 letters so that higher-order reportability dissociates from awareness. However, this has been challenged by the recent
empirical finding that subjects did not detect unusual symbols inserted in the uncued locations [54,58], which suggests that subjects only saw 12 letter-like objects in the
array but not their identities and related details. On our view, subjects’ sense that they consciously see the identities of all 12 letters is unwarranted, and is probably due to
the phenomenon of ‘inattentional inflation of subjective perception’ described above. Because relatively little attention is paid to any particular letters when the display is
present, it is probable that one mistakenly overestimates how much is consciously processed.
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Box 3. The problem of division of phenomenal labor
Because the higher-order view suggests that both first-order and
higher-order representations are involved in conscious perception,
one might wonder what happens if the content of the two fails to
match. For example, what would be the qualitative character of
conscious perception if the first-order state represents green, but the
higher-order state misrepresents one as being in a first-order state of
seeing red? Some have argued the possibility of such cases is
problematic for the higher-order view [12,74,75].
Indeed, higher-order representations may often diverge in relatively
mild ways from first-order representations in respect of fineness of
grain, for example with a first-order representation of a precise shade
of red and a higher-order representation of a sensation of a more
generic red. However, something similar can happen with late-stage
misrepresentation on every view of conscious perception that
stipulates a hierarchy of processing, including the global workspace
view and Block’s view of access consciousness [17]. In general,
whenever there are two stages of processing, there is a theoretical
possibility of mismatch. The question is which level of representation

der rapid presentation [60]. Moreover, the prefrontal area
identified in that study is likely to be related to self-related
processing, and is, in any case, distinct from the dorsolateral prefrontal area that is hypothesized to be related to
the type of higher-order awareness relevant here [35].
Higher-order representations that support conscious
awareness might depend on specific mechanisms (Table
1; Box 1) and must be distinguished from other kinds of
high-level cognitive processes.
The last point is related to the argument that children
and animals presumably have conscious awareness, even
though their prefrontal cortex might be underdeveloped
[12,13]. However, it is an open question how fine-grained
conscious awareness is in children and animals, and less
fine-grained awareness might not require a fully developed
prefrontal cortex. Also, although children and animals
might lack self-referential conscious thinking [13], conscious awareness might not require that. On the higherorder view, self-referential conscious thinking results only
when the higher-order representations are themselves
conscious [1]; this requires third-order representations,
which are likely a subsequent development, and so may
be absent in small children and animals. Higher-order
representations might be better reflected by sensory metacognition, for instance the ability to rate confidence appropriately to distinguish between correct and incorrect
perception rather than by conscious self-referential thinking. Signs of sensory metacognition have been observed in
animals such as rats and dolphins [61–63].
Related to this is a recent study that has shown that in
some cases when subjects reported not seeing a visual
target they were nonetheless able to demonstrate sensory metacognition [64]. This could be taken to argue
against the higher-order view because it shows that
sensory metacognition and awareness dissociate [22].
However, even though sensory metacognition and awareness are related, a specific kind of higher-order representation is required on the higher-order view for conscious
awareness to occur (Table 1). It is entirely compatible
with the higher-order view that subjects do not consciously perceive when they have a higher-order representation
of not perceiving, and this accounts for the metacognitive
ability [64].
370

determines the qualitative character of conscious awareness when
such mismatch occurs.
On Block’s view [17], when there is such late-stage misrepresentation, the qualitative character of conscious perception is determined by
the first-order representations in early sensory regions. By contrast,
some proponents of higher-order theories (e.g. [1,18,19]) hold that in
such cases the qualitative character of conscious perception is
determined, as in all cases, solely by the way the higher-order
representation makes one aware of one’s first-order states. Other
higher-order theorists hold that the qualitative character could be
determined jointly by both first-order and higher-order representations
[6,55]. It is unclear why such cases of mismatch result in greater
difficulty for one theory over another, since the difference among these
views is solely about which stage of processing determines qualitative
character, early, late, or both. This is an empirical question that can be
addressed by future experiments that directly test whether the
qualitative character of conscious perception can be predicted entirely
from prefrontal activity, early sensory activity alone, or both.

Finally, it has been argued against the higher-order
view that damage to prefrontal cortex does not affect visual
awareness [65]. However, there is now ample empirical
evidence (Box 2) that convincingly challenges this argument.
Suggestive evidence based on clinical disorders
Clinical cases are often useful in theoretical debates. Consider a neurological condition that might at first glance
seem to tell against the higher-order view. In blindsight
[3,66], visual awareness is abolished even though abovechance task performance is retained. Because blindsight is
typically due to damage to the primary visual cortex, one
might conclude that blindsight supports the first-order
rather than the higher-order view. However, damage to
an area often has distal effects, and it has been shown that
the lack of conscious awareness in blindsight could be
associated with reduced activity in the prefrontal cortex
[67], even when task performance was controlled for [68].
Compatible with these findings, a recent computational
model accounts for blindsight in terms of the effect of the
early sensory lesion on higher-order representations [9].
Many other clinical cases of disturbance in conscious
awareness are also evidently compatible with the higherorder view, since they have prefrontal origins. Schizophrenia is associated with disorders of the dopamine system
that projects widely to the prefrontal cortex [69]. It is
possible that the disturbed functions of the prefrontal
cortex could at least partially explain the hallucinations
experienced by these patients. Parkinson’s patients who
are treated with dopaminergic drugs (e.g. Levodopa) often
develop visual hallucinations [70]. In presurgical epileptics, direct cortical stimulation to prefrontal cortex can also
lead to visual hallucinations [71]. Thus conscious visual
awareness, albeit hallucinatory, evidently can result from
activity in prefrontal cortex. However, in these cases we
cannot rule out that feedback to early sensory areas could
be the ultimate cause of awareness (or alternatively, it
could be a byproduct that is not itself crucial for conscious
awareness).
Also relevant, and perhaps more decisive, are rare cases
of Charles Bonnet syndrome that, unlike conventional
cases of the disorder, involve damage to the primary visual
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Box 4. Outstanding questions
 Matching task performance between conditions allows some experiments to distinguish decisively between the higher-order view and its
alternatives but such matching is difficult to achieve experimentally.
How can we develop new effective methods to do so?
 What are the relative roles subserved by different regions of
prefrontal cortex (such as the frontal pole and dorsolateral
prefrontal cortex) in supporting higher-order representations? Are
other areas, such as the anterior cingulate cortex, involved too?
 Is the subjective qualitative character of conscious perception
determined by prefrontal cortex (higher-order representations) alone?
 In peripheral vision (Figure 2) do we actually consciously experience vivid details of color and shape, or mistakenly think that we do
in effect confabulating the conscious experience of detail?
 What is the relation between higher-order ‘decisions’ about
perceptual accuracy and higher-order awareness of perceptual
content? Is the former the process by which the latter is achieved, at
least sometimes?
 At what stage of development (both in terms of phylogeny and
ontogeny) do higher-order representations emerge? What are the
mechanisms that lead to their development?
 If higher-order representations add little utility over and above firstorder representations, then why are there any? Can higher-order
theorists explain why higher-order representations occur? [1,27]

area [72,73]. These patients are cognitively cogent but
experience vivid visual hallucinations. Although the damage does not include the entire visual cortex, these cases
challenge those first-order views, which hold that feedback
to primary visual areas is crucial for conscious visual
awareness [26]. If conscious experience can exist in the
absence of first-order representations, the qualitative character of conscious awareness might depend entirely on
higher-order representations. Thus, these cases are also
highly relevant to the problem raised by some [12,74,75]
about the effect on conscious awareness when the firstorder and higher-order representations do not match each
other in content (Box 3).
Concluding remarks
We have reviewed empirical evidence that supports the
higher-order view of conscious awareness and addressed
empirically based challenges to the view. We focused on
cases in which awareness differed despite matched task
performance because these cases most crucially distinguish the higher-order view from its alternatives. Because
such matching is experimentally difficult to achieve, the
most decisive evidence is only now beginning to emerge.
Our arguments are therefore not conclusive, and future
experiments might challenge our conclusions (Box 4). Nevertheless, we hope that the preceding discussion convincingly demonstrates that, under a well-founded view about
neural implementation, the higher-order view is supported
by the currently available empirical evidence.
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 If the higher-order view is correct, then what creatures have
conscious awareness? Do animals without prefrontal cortex, such
as octopuses, have higher-order representations? What about
robots programmed with the right kind of higher-order and firstorder mechanisms?
 Higher-order mechanisms seem clearly involved in the determination of perception of onset, or temporal-order judgments (Box 1).
Will experiments that focus on temporal context turn out to be
especially fruitful for revealing the specific neural mechanisms
responsible for the relevant higher-order awareness?
 In rapid eye movement (REM) sleep (in which dreams are
supposedly most likely to occur), prefrontal cortex seems to
show low level of activity [104]. Does this tell against versions of
the higher-order view that specifically predict that a higher level
of awareness is invariably associated with a higher level of
prefrontal activity (Box 2)? Or is it perhaps that dreams do not
actually involve conscious experiences, despite our recalling
them consciously?
 Information integration theory is one promising quantitative
account of conscious awareness. How can we relate the theory to
the higher-order view? Perhaps higher-order representations are
part of the ‘core’ complex? Or perhaps such mechanisms allow
early sensory information to enter the ‘core’ complex?
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