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Is activity in prefrontal cortex (PFC) critical for conscious perception? Major theories of consciousness make distinct predictions about
the role of PFC, providing an opportunity to arbitrate between these views empirically. Here we address three common misconceptions:
(1) PFC lesions do not affect subjective perception; (2) PFC activity does not reflect specific perceptual content; and (3) PFC involvement
in studies of perceptual awareness is solely driven by the need to make reports required by the experimental tasks rather than subjective
experience per se. These claims are incompatible with empirical findings, unless one focuses only on studies using methods with limited
sensitivity. The literature highlights PFC’s essential role in enabling the subjective experience in perception, contra the objective capacity
to perform visual tasks; conflating the two can also be a source of confusion.
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An opportunity to empirically resolve some
enduring controversies
Our theoretical understanding of the neural mechanisms of con-
scious perception remains primitive. To make progress, investi-
gators have begun emphasizing specific, testable hypotheses. One
promising topic that has seen renewed interest is the role of PFC
in consciousness. This empirical question can be directly addressed
by experiments, providing an opportunity to arbitrate between
several theoretical frameworks (Dehaene and Naccache, 2001;
Lamme, 2003, 2006, 2010; Dehaene et al., 2006, 2011; He and
Raichle, 2009, 2010; de Gardelle and Kouider, 2009; Kouider et
al., 2010; Cleeremans, 2011, 2014; Dehaene and Changeux, 2011;
Dehaene, 2014; Koch et al., 2016a, b; Sandberg et al., 2016;
Tononi et al., 2016). For example, while the Local Recurrency
theory predicts that PFC activity is not critical for perceptual
consciousness (Lamme, 2006), the Higher Order (Lau and
Rosenthal, 2011) and Global Workspace (Baars, 1997, 2005; De-

haene and Naccache, 2001; Dehaene, 2014) theories assert that
PFC activity plays an important causal role in enabling conscious
perception. Thus, this is currently one of the more tractable and
meaningful issues in the field.

The clinical neuropsychology of consciousness: “classical”
case studies
Based mainly on old lesion studies (e.g., Hebb and Penfield, 1940;
Fulton, 1949; Mettler, 1949; Brickner, 1952), often mentioned
indirectly via secondary source (e.g., Pollen, 1999), the role of PFC in
consciousness has long been debated (Tse et al., 2005; Kouider et al.,
2007; Lau and Rosenthal, 2011; Noy et al., 2015). Several investiga-
tors have called this topic into question again recently (Tsuchiya et
al., 2015; Koch et al., 2016a, b; Sandberg et al., 2016), asserting that
PFC plays a negligible role in consciousness.

However, important details about the extent of lesions in
older work are often overlooked, leading to false conclusions. For
example, Koch et al. (2016a) cite work on one patient with an
“almost complete bilateral frontal lobectomy” (p 319, referenc-
ing Brickner, 1952) to provide evidence that lesions to PFC do not
impair consciousness. Although Brickner (1952) claims that
most of Patient A’s frontal lobe is missing, simple visual inspec-
tion of the patient’s brain image reveals that massive portions of
right PFC remain intact (Fig. 1).

Indeed, much older work on psychosurgical patients often
cited in discussions of PFC (Hebb and Penfield, 1940; Fulton,
1949; Mettler, 1949) centers on cases with only unilateral or par-
tial removal of frontal cortex, or polar frontal and orbitofrontal
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resection. For example, Hebb and Pen-
field (1940) stress a remarkable lack of de-
bilitating symptoms in their patient that
had extensive bilateral removal of frontal
cortices. While they emphasize that their
postoperative report may underestimate
the amount of tissue extracted during
their procedure, their diagram of the cy-
toarchitectonic fields mapped by Brod-
mann (their Fig. 8) shows that much of
Broca’s area, superior frontal gyrus, and
posterior middle gyrus remained follow-
ing surgery, which can account for the
preserved visual and limited cognitive
abilities in the patient. Furthermore,
Hebb and Penfield (1940, p 438) ac-
knowledge only removing approximately
one-third of the frontal lobes in their
summary. Similarly, the patients de-
scribed by Mettler (1949, pp 64 –77) are
also marked by partial removal of frontal
cortical areas. Thus, mischaracterizations
of historical data can lead to incorrect
conclusions about the role of PFC in
consciousness.

Importantly, there are indeed cases
where large, near-complete bilateral le-
sions to the dorsal and ventral lateral PFC
fully abolish normal conscious interac-
tion with the external world. One of the
authors (R.T.K.) has personally tested patients with such lesions,
and often they appear to be almost completely disconnected
from, and unaware of, the external world (Movie 1). However,
these cases are rarely reported in detail in published scientific
articles because such patients are often unable to participate in
formal neuropsychological testing (Mettler, 1949). But these pa-
tients, similar to patients with bilateral anterior cingulate lesions,
often represent the classic clinical observations of severe abulia
and perseveration (Barceló and Knight, 2002; Stuss and Knight,
2013), indicating a loss of capacity for conscious interaction with
the environment.

Critically, regarding this general capacity to interact with and
be aware of the external world, lesions to areas posterior to the
frontal lobes tend to cause minimal, if any, impairments. For exam-
ple, bilateral occipital lesions (Fig. 2A) can cause cortical blindness,
and bilateral parietal lesions (Fig. 2B) can result in impaired visual
feature binding (Friedman-Hill et al., 1995) among other visual im-
pairments associated with Balint’s syndrome. However, while these
patients have prominent sensory deficits (e.g., in the visual domain),
they retain the capacity for being alert, aware, and interactive with
their surroundings. Similarly, extensive bilateral orbitofrontal le-
sions cause extensive social regulation deficits (Beer et al., 2003,
2006; Perry et al., 2016) but leave patients cognizant of sensations
and fully interactive, albeit often excessively (Movie 2). However,
bilateral lateral PFC lesions (Fig. 2D) frequently leave patients abulic,
akinetic, unable to consciously process stimuli from various sensory
modalities, and unable to have goal-directed interactions with the
environment.

How do lesions to PFC specifically affect
subjective perception?
The above discussion highlights that claims about consciousness
based on individual case studies can be problematic due to in-

complete documentation and limited data, often difficult to
access. Fortunately, more recent investigations with carefully
controlled psychophysical methods (Del Cul et al., 2009; Fleming
et al., 2014) have investigated how, in representative groups of
patients, even incomplete PFC lesions can specifically impact
subjective perceptual experiences. Similar to short-term impair-
ments induced by transcranial magnetic stimulation (Rounis et

Figure 1. The brain of Patient A following “bilateral” frontal lobectomy (data from Brickner, 1952). Patient A was reported as the first
human subject to undergo “bilateral” frontal lobectomy. Although this patient has previously been described as a classic example of how
lesions to PFC do not impair consciousness (Koch et al., 2016a), simple visual inspection of this patient’s postmortem brain image reveals
that massive amounts of residual right PFC remained following the surgery. Therefore, the fact that this patient exhibited signs of con-
sciousness following surgery is not surprising. This patient also had a large posterior meningioma exerting pressure on extrastriate cortices.
The green region marks the posterior meningioma, the red line labels the central sulcus, the yellow line shows the Sylvian fissure, and the
blue arrow marks the temporal tip. Brodmann areas are marked by white numbers.

Movie 1. Patient with bilateral lateral PFC lesions (impaired con-
sciousness). A lateral case: this patient sustained extensive bilateral in-
farctions of lateral prefrontal cortex over a one month period due to
emboli from the heart.
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al., 2010), incomplete lesions to PFC do not fully abolish objec-
tive visual task performance capacities, which may explain some
previous null findings. But also like transcranial magnetic stim-
ulation, they can render subjective ratings of perception less
meaningful (i.e., less diagnostic of actual task performance)
(Rounis et al., 2010) by up to 50% (Fleming et al., 2014) (Fig. 3).
This observed effect was not due to an impairment of general
ability for introspection, as it was specific to perception but not
memory (Fleming et al., 2014); the specificity of this result was
predicted independently based on another study comparing the
individual variability of structural correlates for memory and
perceptual metacognition in dozens of healthy subjects without

brain lesions (McCurdy et al., 2013). Likewise, in another study,
it has been found that the effect of incomplete PFC lesions was
more pronounced for subjective ratings than for objective task
performance (Del Cul et al., 2009).

Perhaps these studies (Del Cul et al., 2009; Fleming et al.,
2014) are written off as idiosyncratic examples, given that both
unilateral lesions and disruption by stimulation to lateral PFC
tend not to consistently impair objective visual task performance,
and this means they should not affect subjective experience, ei-
ther. For example, in one recent review (Koch et al., 2016a), the
authors argue that subjective and objective measures of conscious
perception should conform to each other, when “report proto-

Figure 2. Relationships between cortical lesions and general awareness of the external world. Shown here are schematic depictions of typical lesion locations for each of the following types of impairments.
A, Bilateral occipital lesions can cause cortical blindness (Melnick et al., 2016) but preserve an individual’s general awareness of the surrounding world, via other sensory modalities. B, Bilateral parietal lesions can
causeBalint’ssyndrome,typicallycharacterizedbyaninabilitytoperceivemultipleobjects inthevisual fieldcoherently,butagain,this leavesbasicsensoryawareness intact. C,Bilateralorbitofrontal lesionscause
problems with social regulation, but not sensory perception or consciousness. D, Patients with bilateral lateral PFC lesions are “conscious” in the sense that they are “awake,” as opposed to being in a coma, but
they lack the ability to engage meaningfully with the external world with a normal level of conscious awareness. Extensive unilateral PFC lesions do not tend to cause these symptoms, highlighting that one
functional side of PFC may be sufficient to support general conscious behavior. However, further psychophysical evidence indicates that even unilateral PFC lesioned patients may suffer from specific impover-
ishment of subjective perceptual experiences (Del Cul et al., 2009; Fleming et al., 2014).
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cols are implemented judiciously” (p 308, italics added). How-
ever, the distinction between subjective and objective measures is
central to the scientific study of consciousness (Merikle et al.,
2001; Dienes, 2008; Giles et al., 2016); there is a large literature on
how these measures of conscious perception systematically dis-
sociate, and why we need to carefully consider each of them in-
dependently (for review, see Lau, 2008; Lau and Rosenthal, 2011).

Importantly, although objective measures of task perfor-
mance are often favored because they are easy to quantify, they
have relatively limited face validity when it comes to studies of
conscious perception. It is well known that blindsight patients
(Weiskrantz, 1997) exhibit above-chance objective task perfor-
mance, even though they lack subjective awareness. In this con-
text, that PFC lesions lead to selective impairment of subjective,
but not objective, measures of perception highlights the specific
and important roles played by PFC in consciousness. It would be
peculiar to write this off, given the current purpose.

Perhaps some may find even a 50% impairment (Fleming et
al., 2014) unimpressive, compared with, for example, the effect of
lesions to V1, which can often completely abolish conscious vi-
sual phenomenology (Weiskrantz, 1997; Melnick et al., 2016).
However, it is important to note that PFC functions differently
from sensory cortices. For instance, neuronal coding in PFC is
relatively distributed and shows a high degree of mixed selectivity
(Mante et al., 2013; Rigotti et al., 2013). Therefore, to produce a
large disruption of perceptual experience, many neurons distrib-
uted throughout massive regions of PFC may need to be involved.
However, when PFC lesions are large and bilateral, because these
same regions support many central cognitive functions (Duncan
and Owen, 2000; Miller, 2000; Badre and D’Esposito, 2009; Nien-
dam et al., 2012; Passingham and Wise, 2012), the patients may
be so generally impaired that testing them immediately after ex-

tensive bilateral PFC damage is often difficult (Mettler, 1949;
Knight and Grabowecky, 1995).

Also, the frontal and parietal cortices are densely connected
(Barbas and Mesulam, 1981; Petrides and Pandya, 1984; Ander-
sen et al., 1985; Cavada and Goldman-Rakic, 1989; Miller and
Cohen, 2001; Croxson et al., 2005). After localized unilateral le-
sions to PFC, it is known that other parts of the frontoparietal
network can dynamically reorganize to compensate functionally
(Voytek et al., 2010). As such, large areas spreading through both
frontal and parietal areas may need to be damaged to produce
consistently strong effects (Nakamura and Mishkin, 1986). This
is compatible with the fact that, even for classic “textbook” PFC
functions such as working memory, reported studies involving
unilateral PFC lesions sometimes find only subtle or null effects
(Mackey et al., 2016). The magnitude of the effects of PFC lesions
on subjective awareness in perception (Del Cul et al., 2009; Flem-
ing et al., 2014) should be considered within the broader context
of how lesions to this region impair other cognitive functions in
general.

Congruent with the above argument is the fact that chemical
inactivations of PFC can sometimes lead to stronger effects, pre-
sumably because in these studies the subjects are typically tested
right after the PFC is inactivated, leaving little room for alterna-
tive circuitries to take over to compensate. For example, one
recent study has found that, in monkeys, chemical inactivation to
the PFC impairs memory metacognition (Miyamoto et al., 2017).
While this may seem on the surface to be in conflict with the
results of Fleming et al. (2014) regarding a lack of memory meta-
cognitive deficits after PFC lesions, one interpretation is that
immediately after PFC lesion, human patients may show impair-
ment in memory metacognition, too, but over time this function
recovered due to activity in the intact remaining side of PFC, or
the precuneus, which also supports memory metacognition (Mc-
Curdy et al., 2013; Richter et al., 2016). In any case, nothing takes
away the fact that at the time of testing (Fleming et al., 2014), the
metacognitive impairment was specific to perception, not mem-
ory, in these patients.

In rodents, it has also been shown that chemical inactivation
of orbital PFC selectively impairs subjective confidence judg-
ments without changing olfactory discrimination performance
(Lak et al., 2014). In monkeys, chemical inactivation of the pulv-
inar, specifically the central dorsal region which likely projects to
the PFC (Romanski et al., 1997; Shipp, 2003; Pessoa and Adolphs,
2010), also impairs subjective confidence judgments in a visual
task without changing task performance (Komura et al., 2013).

Overall, these results concerning subjective confidence and
introspection are congruent with the classical neuropsychologi-
cal findings discussed in the above section. If a perceptual object
is registered in the subject’s mind with no meaningful sense of
certainty whatsoever, it is unsurprising that the subject would fail
to act consciously and voluntarily in reaction to the relevant ob-
ject. Conceptually, it is also unclear whether conscious experi-
ences regarding a perceptual object can ever occur without any
introspectable sense of certainty that something is presented to us
(Lau and Rosenthal, 2011). This is not at all to say that subjective
confidence is equivalent to conscious perception, only that the
latter entails at least some degree of the former.

Finally, there are also numerous studies showing that trans-
cranial magnetic stimulation and lesion to human PFC can affect
many other aspects of visual perception (Barceló et al., 2000;
Turatto et al., 2004; Ruff et al., 2006; Philiastides et al., 2011; Lee
and D’Esposito, 2012; Ritzinger et al., 2012; Chiang et al., 2014;
Rahnev et al., 2016), and more recent neuropsychological work

Movie 2. Patient with bilateral orbitofrontal lesions (conscious). An
orbital case: this patient ran a scooter into a pole, with extensive bilat-
eral damage to orbitofrontal cortex.
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has demonstrated that individuals with unilateral damage to PFC
often display pronounced deficits on visual tasks. For example,
Barceló et al. (2000) showed that individuals with unilateral focal
lesions in the lateral PFC exhibited impairments in the ability to
regulate dependent activity in extrastriate regions and detect vi-
sual targets in the visual field contralateral to the damage. Anal-
ysis of ERPs revealed that prefrontal damage reduced stimulus-
evoked P1 activity in parietal and temporo-occipital areas and
abolished N2 and P3 activity generated in temporoparietal corti-
ces, providing critical evidence for prefrontal modulation of
visual processing. Indeed, other studies have also demonstrated
reduced ERP amplitudes in visual cortices following damage to
PFC (Voytek et al., 2010). Thus, suggestions that PFC manipu-
lations do not cause disturbance to conscious perception are
grossly incompatible with empirical facts.

Does PFC activity reflect specific perceptual content?
The subjective measures of conscious perception we emphasized
above concern subjective visibility and confidence, which are impor-
tant aspects of conscious perception; these are specifically impaired
in blindsight (Weiskrantz, 1997; Persaud et al., 2011; Ko and Lau,
2012; Giles et al., 2016). But to be visually conscious, one also needs
to be conscious of specific visual content. It has been argued that,
because PFC activity does not represent such specific content (Koch
et al., 2016a), its role in consciousness is probably limited.

Theoretically, this may not be a critical issue here because, in
enabling conscious perception, PFC may “work together” with early
visual areas where the specific content resides (Lau and Rosenthal,
2011). But importantly, the claim that PFC activity does not reflect
specific perceptual content is also empirically false.

The impression that PFC activity may not reflect specific per-
ceptual content is likely due to a selective reading of the fMRI
literature, where many studies adopt traditional univariate “acti-
vation” approaches. But univariate fMRI is known to have lim-
ited sensitivity. Indeed, it has been noted previously that visual
content may only be decoded effectively from PFC when careful
analysis and advanced modeling strategies are applied (Ester et
al., 2015; Stokes, 2015).

Using multivariate “decoding” analyses, Wang et al. (2013)
have reported that PFC fMRI pattern activity reflects specific
perceptual content, under conditions where the perceptual

information was ambiguous, unstable, or needed to be main-
tained over time. Using similar methods, Cortese et al. (2016)
have recently reported that perceptual content can be decoded
above chance level from PFC, even in a simple perceptual deci-
sion task. In a somewhat less direct demonstration, Hebart et al.
(2016) also reported that the “decision variable” supporting spe-
cific perceptual decisions can be decoded from PFC fMRI pattern
activity. Additionally, recent work has shown that, when subjects
viewed natural movies, at least some PFC voxels can contribute to
decoding the content of the percept, such as whether or not a
person was in a scene in a given moment during the movie (Huth
et al., 2016, their Fig. 8).

Perhaps one may be tempted to dismiss these studies by point-
ing out that the results were often statistically weak. For example,
the above-chance decoding of perceived motion direction from
PFC did not survive Bonferroni correction (Cortese et al., 2016,
their Fig. 3C). Such may be the nature of the limited sensitivity of
fMRI decoding in these brain regions, given that coding at the
neuronal level in PFC may be complex (Mante et al., 2013; Rigotti
et al., 2013). Another recent meta-analysis showed that PFC fMRI
decoding accuracy is limited in general, even for tasks where
known physiology suggests that relevant neural representations
exist in the PFC (Bhandari et al., 2017).

But we also have to be aware that vision researchers often do
not pay as much attention to PFC as opposed to visual areas.
Whereas retinotopic mapping methods are often carefully ap-
plied to delineate early visual areas, for PFC, researchers often use
statistically inefficient “searchlight” methods based on brain im-
ages imperfectly aligned across participants. Sometimes, PFC
data are not even acquired or analyzed. Other times, positive
results are reported without much emphasis. For example, Al-
bers et al. (2013) reported positive PFC decoding findings for
visual short-term memory and imagery, but only in the supple-
mentary results section. All of these factors may contribute to the
impression of the relative paucity of positive evidence regarding
whether fMRI activity in PFC reflects specific perceptual content.

Fortunately, we are not limited to fMRI studies. There are
numerous single-unit and multiunit recording studies in nonhu-
man primates, clearly demonstrating that specific perceptual de-
cisions are represented in PFC (Kim and Shadlen, 1999; Mante et
al., 2013; Rigotti et al., 2013). Overall, these studies are compat-

Figure 3. Lesion to PFC specifically impairs subjective perceptual introspection. In a study by Fleming et al. (2014), healthy controls (HC), patients with lesions to anterior PFC (aPFC), and patients with
temporal lobe lesions (TL) were tested in a perception task and a memory task. A, Overall task performance was equivalent across the three different groups in both tasks. B, Displayed here (meta-d�/d�) is a
measure of the meaningfulness of subjective confidence ratings; that is, the degree to which they distinguish between correct and incorrect judgments, expressed on a scale where 1 implies statistical optimality
and0indicateschance-leveltrial-by-trialcorrespondencebetweenconfidenceandaccuracy(ManiscalcoandLau,2012).Thismeasureshowedanearly50%decreaseinpatientswithaPFClesions,comparedwith
patients with temporal lesions and healthy controls, and this effect was specific to perception rather than memory. **P � 0.01; *P � 0.05; n.s. � not significant.
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ible with the view that PFC plays a key role in “reading out”
encoded perceptual information from sensory cortices, which is
an important step in the perceptual process (Heekeren et al.,
2004; Philiastides et al., 2011; Szczepanski and Knight, 2014).

One may argue that such decisions usually concern only two or a
few categories and do not reflect fine-grained perceptual details. But
the important point here is not that they necessarily determine all the
details of the perceptual content. Rather, these decisions are central
parts of the perceptual process itself (Green and Swets, 1966; Ratcliff,
1978); they are not “postperceptual” cognitive decisions. In terms of
neurophysiology, it is unclear how early sensory activity on its own
can lead to conscious percepts; decisional mechanisms are needed to
determine whether such activity is driven by external input or is just
spontaneous noise. Accordingly, it has long been argued that these
mechanisms contribute to the subjective percept itself (de Lafuente
and Romo, 2006), and they have also been linked to specific
perceptual illusions (Jazayeri and Movshon, 2007). So even if
PFC activity does not on its own fully determine perceptual
content, it certainly reflects some aspects of the content of
conscious experience.

Is PFC activity only related to explicit perceptual reports?
The last point may not be immediately convincing to some critics of
PFC theories of consciousness, as the studies mentioned all involved
the subjects’ explicit reporting of perceptual content. It has been
claimed that, in these studies, activity in PFC does not reflect con-
scious perception per se; rather, it is confounded by the task demand
to report the stimulus (Tsuchiya et al., 2015; Koch et al., 2016a). Such
claims are inspired by null findings in recent studies not requiring
subjects to explicitly make these reports (Frässle et al., 2014; Pitts et
al., 2014; Brascamp et al., 2015; Tsuchiya et al., 2015).

Proponents of PFC theories are generally aware of this possi-
ble criticism because this line of inquiry is not new (Lumer and
Rees, 1999; Tse et al., 2005; Kouider et al., 2007). However, in at
least one previous study involving no explicit reports (Lumer and
Rees, 1999), positive results were indeed found in PFC. In an-
other recent study on dreams (Siclari et al., 2017), gamma band
EEG activity localized in the PFC has been linked to subsequent
recall of dream experiences, even though while sleeping, the sub-
jects did not make immediate reports to experimenters. The au-
thors argue that such gamma activity was less reliable compared
with low-frequency activity not localized in PFC, but it is unclear
whether this is simply due to the general and well-known signal-
to-noise ratio difference between high- versus low-frequency
scalp EEG signals (Juergens et al., 1999; Niedermeyer and da
Silva, 2005; Buzsaki, 2006). Nevertheless, despite these positive
findings, the question remains as to why some studies failed to
find positive results when demands for report were removed.

Again, the abovementioned issues of limited sensitivity and
relatively imprecise analysis methods typically used in fMRI stud-
ies, specifically for univariate analysis concerning the PFC, are
relevant here. Using alternative methods, such as direct intracra-

nial electrophysiological recording in human surgical epileptics
(electrocorticography), activity related to perceptual awareness
in PFC has been reported, even when subjects were not required
to respond to the stimulus (Noy et al., 2015). Also, the abovemen-
tioned study regarding multivoxel decoding of movie content
also showed that at least some PFC activity is involved (Huth et
al., 2016, their Fig. 8), even though subjects viewed the movies
passively, without making explicit reports.

More importantly, in direct neuronal recordings in monkeys,
it has also been shown that PFC activity reflects specific percep-
tual content, even when the animal was viewing the stimulus
passively (Panagiotaropoulos et al., 2012). One may argue that,
even under passive viewing, an overtrained animal may still be
preparing a report even though it was no longer required (which
may have driven prefrontal activity). But in another study, PFC
multiunit activity was found to reflect an unreported feature of a
stimulus, even when the animal had to report on a different,
orthogonal stimulus feature (Fig. 4; Mante et al., 2013). It is un-
likely that the animal would always implicitly prepare to report
on both features, given that only one report was actually required
and the task was challenging with near-threshold stimuli. There
was no immediate task-related benefit to represent the irrelevant
feature in the brain, and yet they did so in the PFC.

One could argue that, because the animals switched from
having to report one feature to having to report on another
feature on different trials, inefficient task switching could
cause the animal to implicitly prepare to report on both fea-
tures immediately after a switch. Indeed, there is some evi-
dence of the existence of such switch costs (Mante et al., 2013,
their Fig. 1D,E). But such interference was relatively small in
magnitude, and in general it is known that task switch effects
are most prominent only during the first few trials in a block
after a switch (Monsell, 2003). Here, the trials were blocked
such that the animals report on the same feature for 72 con-
secutive trials in each block. If task switching was the main
reason why the unreported feature could be decoded from
PFC multiunit activity, it would seem difficult to explain why
the feature can be successfully decoded almost to the same
degree as the attended and reported features.

This is not to say that, in studies of conscious perception, the
demand to make explicit reports never drives further activity in
PFC. It probably does for signals obtained with most human
neuroimaging methods, and this is congruent with some previ-
ous null findings, as well as the comment by Noy et al. (2015) that
their positive electrocorticography findings in PFC were subtle
when no report was required. But we emphasize that, in the mul-
tiunit recording study mentioned above (Mante et al., 2013),
even unreported stimulus features could be robustly decoded to a
similar degree as attended and reported features.

Overall, these findings are congruent with the typical conclu-
sions reached by previous neuronal electrophysiology studies
(Thompson and Schall, 1999, 2000) that motor report cannot be

Figure 4. PFC activity represents specific perceptual content, even when it is not relevant to current tasks. In a multiunit recording study (Mante et al., 2013), monkeys had to make saccades to
indicate either the direction or the color of the majority of moving dots, depending on the fixation cue. Task-irrelevant/unattended information (e.g., color) was decodable from neuronal activity in
the frontal eye field, almost as well as task-relevant information (e.g., motion).
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the sole reason why prefrontal neuronal activity was found to be
associated with visual awareness. For example, Thompson and
Schall (1999) argued that the short latencies of the relevant re-
sponses render report-based accounts unlikely. Libedinsky and
Livingstone (2011) augmented their similar interpretation with
careful analyses to rule out contamination by saccade generation or
planning. Thompson and Schall (2000) also argued that, although
report-based accounts may explain the firing of movement-related
neurons, they cannot account for neurons tuned specifically for
visual processing. In general, these PFC neurons are thought to be
involved in determining visual awareness for near-threshold vi-
sual stimuli because they contribute to the generation of the con-
scious percept itself.

Thus, the recent excitement surrounding the use of so-called
“no-report” paradigms may be misguided; PFC activity in con-
scious perception had already survived such tests, well before
their recent advocacy.

In conclusion, consciousness is an important yet controversial
topic, on which weighty claims need to be made with care. Specifi-
cally, individual null findings obtained with one measure, even if
true, may not generalize to other measures. In reviewing the litera-
ture, we need to take into account research reflecting different per-
spectives, as well as studies conducted with different methods. When
we do so, we find that the specific role of PFC in conscious percep-
tion resists even the sternest challenges.

Response from Dual Perspectives Companion
Authors–Melanie Boly, Marcello Massimini,
Naotsugu Tsuchiya, Bradley R. Postle, Christof Koch,
and Giulio Tononi

Some of the arguments raised by Odegaard et al. deserve a
brief discussion.

Clinical neuropsychology

PFC constitutes 13% of total human brain volume
(Schoenemann et al., 2005), compared with 41% for the
whole frontal cortex, which also includes motor and pre-
motor areas (Kennedy et al., 1998). Brickner (1936) re-
ported that 220 g of frontal lobe tissue was surgically
removed in Patient A, which corresponds to 16% of
1400 g, the average whole brain weight (Fig. R1). Hebb
and Penfield (1940) reported that one-third of the frontal
lobe, the expected volume of the entire PFC, was removed
in patient KM.

“[N]ormal conscious interaction with the external world”
cannot be taken as a sensitive criterion for awareness. For
example, one of us (M.B.) personally assessed a patient with
bilateral medial prefrontal strokes leading to sudden unre-
sponsiveness, who shortly recovered after thrombolysis.
This patient was found by the emergency medical services
staring and unresponsive to command. After recovery, she
could accurately describe the emergency medical services
arrival scene and remembered that she did not cooperate
with them. Patients recovering from akinetic mutism
(Damasio and Van Hoesen, 1983) and patients in a clinical
vegetative state (Monti et al., 2010; Casarotto et al., 2016)
offer further examples.

Subjective perception

We do not dispute that PFC can affect conscious experience
indirectly, for example, by playing a role in disengaging and
redirecting attention. We also do not rule out the possibility
that some regions of PFC may directly contribute some con-
tent to consciousness (Koch et al., 2016b) but emphasize
that, overall, PFC is neither necessary nor sufficient for be-
ing conscious, unlike posterior cortex. The frequent as-
sumption that PFC is essential for consciousness seems
largely due to neuroimaging studies that do not distinguish
between subjective experience and task performance.

Under typical clinical or laboratory conditions, dissociating con-
sciousness from cognitive functions, such as attention and work-
ing memory, can be difficult and artificial. However, conditions,
suchassleepdreaming(Siclarietal.,2017)anddaydreaming(Per-
ogamvros et al., 2017), can be used to dissociate content-specific
neuralcorrelatesofconsciousness(NCC)fromtask-relatedcogni-
tive processes, particularly when using within-state paradigms
(Koch et al., 2016a). An important question for the future is
whetherconsciouscontents,suchasfeelingsofmetacognition,re-
flection, or confidence (Perogamvros et al., 2017), may be contrib-
uted directly by some subregions of the PFC (Koch et al., 2016b).
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Sandberg K, Frässle S, Pitts M (2016) Future directions for identifying the
neural correlates of consciousness. Nat Rev Neurosci. Advance online
publication. CrossRef Medline

Shipp S (2003) The functional logic of cortico-pulvinar connections. Philos
Trans R Soc Lond B Biol Sci 358:1605–1624. CrossRef Medline

Siclari F, Baird B, Perogamvros L, Bernardi G, LaRocque JJ, Riedner B, Boly
M, Postle BR, Tononi G (2017) The neural correlates of dreaming. Nat
Neurosci. Advance online publication. CrossRef Medline

Stokes MG (2015) “Activity-silent” working memory in prefrontal cortex: a
dynamic coding framework. Trends Cogn Sci 19:394 – 405. CrossRef
Medline

Stuss DT, Knight RT (2013) Principles of Frontal Lobe Function. Oxford:
Oxford University.

Szczepanski SM, Knight RT (2014) Insights into human behavior from le-
sions to the prefrontal cortex. Neuron 83:1002–1018. CrossRef Medline

Thompson KG, Schall JD (1999) The detection of visual signals by macaque
frontal eye field during masking. Nat Neurosci 2:283–288. CrossRef
Medline

Thompson KG, Schall JD (2000) Antecedents and correlates of visual detec-
tion and awareness in macaque prefrontal cortex. Vision Res 40:1523–
1538. CrossRef Medline

Tononi G, Boly M, Massimini M, Koch C (2016) Integrated information
theory: from consciousness to its physical substrate. Nat Rev Neurosci
17:450 – 461. CrossRef Medline

Tse PU, Martinez-Conde S, Schlegel AA, Macknik SL (2005) Visibility, vi-
sual awareness, and visual masking of simple unattended targets are con-
fined to areas in the occipital cortex beyond human V1/V2. Proc Natl
Acad Sci U S A 102:17178 –17183. CrossRef Medline
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Voytek B, Davis M, Yago E, Barceló F, Vogel EK, Knight RT (2010) Dynamic
neuroplasticity after human prefrontal cortex damage. Neuron 68:401–
408. CrossRef Medline

Wang M, Arteaga D, He BJ (2013) Brain mechanisms for simple perception
and bistable perception. Proc Natl Acad Sci U S A 110:E3350 –E3359.
CrossRef Medline

Weiskrantz L (1997) Consciousness lost and found: a neuropsychological
exploration. Oxford: Oxford University.

9602 • J. Neurosci., October 4, 2017 • 37(40):9593–9602 Odegaard et al. • Null Findings Falsifying Prefrontal Theories of Conscious Perception?

http://dx.doi.org/10.7554/eLife.18260
http://www.ncbi.nlm.nih.gov/pubmed/27776631
http://dx.doi.org/10.1038/nature12160
http://www.ncbi.nlm.nih.gov/pubmed/23685452
http://dx.doi.org/10.1371/journal.pone.0047820
http://www.ncbi.nlm.nih.gov/pubmed/23110106
http://dx.doi.org/10.1002/(SICI)1096-9861(19970317)379:3%3C313::AID-CNE1%3E3.0.CO;2-6
http://www.ncbi.nlm.nih.gov/pubmed/9067827
http://dx.doi.org/10.1080/17588921003632529
http://www.ncbi.nlm.nih.gov/pubmed/24168333
http://dx.doi.org/10.1016/j.cub.2006.06.057
http://www.ncbi.nlm.nih.gov/pubmed/16890523
http://dx.doi.org/10.1038/nrn.2016.104
http://www.ncbi.nlm.nih.gov/pubmed/27466149
http://dx.doi.org/10.1098/rstb.2002.1213
http://www.ncbi.nlm.nih.gov/pubmed/14561322
http://dx.doi.org/10.1038/nn.4545
http://www.ncbi.nlm.nih.gov/pubmed/28394322
http://dx.doi.org/10.1016/j.tics.2015.05.004
http://www.ncbi.nlm.nih.gov/pubmed/26051384
http://dx.doi.org/10.1016/j.neuron.2014.08.011
http://www.ncbi.nlm.nih.gov/pubmed/25175878
http://dx.doi.org/10.1038/6398
http://www.ncbi.nlm.nih.gov/pubmed/10195223
http://dx.doi.org/10.1016/S0042-6989(99)00250-3
http://www.ncbi.nlm.nih.gov/pubmed/10788656
http://dx.doi.org/10.1038/nrn.2016.44
http://www.ncbi.nlm.nih.gov/pubmed/27225071
http://dx.doi.org/10.1073/pnas.0508010102
http://www.ncbi.nlm.nih.gov/pubmed/16282374
http://dx.doi.org/10.1016/j.tics.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26585549
http://dx.doi.org/10.1097/00001756-200411150-00024
http://www.ncbi.nlm.nih.gov/pubmed/15538193
http://dx.doi.org/10.1016/j.neuron.2010.09.018
http://www.ncbi.nlm.nih.gov/pubmed/21040843
http://dx.doi.org/10.1073/pnas.1221945110
http://www.ncbi.nlm.nih.gov/pubmed/23942129

	Should a Few Null Findings Falsify Prefrontal Theories of Conscious Perception?
	An opportunity to empirically resolve some enduring controversies
	References




