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After all, who can better identify the subjective
state of awareness than the observers them-
selves? For example, when a patient with
blindsight reports that they not aware of a
light flashed briefly in their damaged visual
field, but can still reach for and direct their eye
movements appropriately toward that light,
their performance is treated as definitive
evidence of implicit perception16–18 (BOX 3).

However, most behavioural researchers
agree that using subjective reports of the
absence of awareness provides, at best, weak
support for implicit perception, and in many
cases provides no evidence at all15,19,20. Sub-
jective reports of awareness are based both on
sensitivity to the presence of a stimulus and
on the perceiver’s decision criterion for
reporting it. Importantly, observers are
often under-confident about their perceptual
experiences21 — they treat uncertainty as a
lack of perception and report no awareness
even when more objective measures show
that they can discriminate the presence of a
stimulus from its absence to some extent.
Moreover, people are particularly bad at
recognizing chance performance in a num-
ber of domains, so the subjective experience
of random guessing can be misleading22,23. In
any given trial, reporting of awareness can be
influenced by confidence or motivation as
well as by sensitivity. In the case of blindsight,
for example, patients adopt different criteria
for reporting awareness when they are asked
to indicate whether an object is present or not
(yes/no response) compared with when they
are asked to determine whether the object was
shown at the beginning or the end of a trial
(2-alternative forced-choice response).Yes/no
responses are unduly influenced by an overly

Abstract | The study of implicit perception
— perception in the absence of
awareness — has a long history. Decades
of behavioural work have identified crucial
theoretical and methodological issues that
must be considered when evaluating
claims of implicit perception.
Neuroimaging methods provide an
important new avenue for illuminating our
understanding of perception both with and
without awareness, but most imaging
experiments have not met the rigorous
conditions that the behavioural work has
shown are necessary for inferring implicit
perception. Here, we review the literature
of both behavioural and neuroimaging
studies, and note the pitfalls of studying
implicit perception as well as the promise
that neuroimaging studies have for
providing insights about implicit
perception when combined with
appropriately rigorous behavioural
measures of awareness.

There are many controversies involved 
in the study of implicit perception. Some
proponents argue that it has a pervasive
influence on thoughts and actions, whereas
sceptics argue against its existence (BOX 1).
Decades of behavioural research have led 
to a refined understanding of the theore-
tical and empirical pitfalls of studying
implicit perception1,2, but the debate over
its existence and nature persists3–14. Neuro-
imaging methods can provide insights that
would be unattainable using strictly behav-
ioural measures, but their success requires
full appreciation of the theoretical and
empirical challenges involved in showing
implicit perception. This article discusses
the central theoretical issues, which have
been derived from decades of behavioural
work, identifies common shortcomings in
the evidence for implicit perception, evalu-
ates recent neuroimaging data in light of
the behavioural evidence and methodologi-
cal issues, and, finally, investigates how
neuroimaging might be used to enhance
our understanding of perception without
awareness.

Behavioural approaches
Recent sceptical critiques of the evidence for
implicit perception15 have led to increased
rigor and methodological creativity in
attempts to document its existence. Although
controversies remain, most proponents and
sceptics agree on two central ideas: that the
evidence for implicit perception cannot rely
solely on participants to accurately report
their state of awareness on each trial, and that
qualitative differences in performance can
support claims of implicit perception even if
they are not definitive on their own.

Reliance on subjective reports. Most empirical
approaches to studying implicit perception
take the same form: they show the absence of
conscious perception of a stimulus but show
the influence of the stimulus using other mea-
sures, an approach known as the dissociation
paradigm (BOX 2). To measure awareness, most
studies of implicit perception, particularly in
the neuroimaging and neuropsychology liter-
atures, rely on the observers to report their
state of awareness. The use of such subjective
reports of awareness is intuitive and appeal-
ing; it trusts the observers to have optimal
access to the level of their own awareness.
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Box 1 | What is implicit perception and why is it important?

Can perception occur in the absence of awareness? And, if so, how rich is that processing?
Perceivers are certainly not aware of all aspects of visual sensation — we cannot report the state
of a single photoreceptor in the retina, but that receptor still processes sensory information. The
interest in implicit perception, and the resulting controversies about how best to measure it,
result not from its effects on ‘early’ visual processing, but from claims that the meaning of a
visual stimulus can be processed without awareness and that this information can influence
higher cognitive functions.

Conclusive evidence of implicit perception would have far-reaching practical and theoretical
implications. Models of attention typically posit some filtering of sensory input before
conscious perception (for examples, see REFS 74–76), but there is some disagreement about the
amount of processing that occurs before this filtering. Early-selection models indicate that
processing of unattended information is limited to the earliest stages of perceptual analysis —
semantic content is available only after the item has been selected for attention and so would
necessarily be associated with awareness. The existence of implicit perception of meaning or
object identity would provide strong support for a late-selection model, indicating that far
more of our visual world is processed than conscious experience suggests and that such
implicitly perceived information could affect our thoughts, beliefs and actions. These striking
implications partly explain the appeal of implicit perception, but they also provoke sceptics to
challenge its existence12,15,77.
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between performance on a direct measure
and an indirect measure might differ between
high and low levels of awareness, invalidating
extrapolation from performance with some
awareness to performance with no awareness.

Other approaches have been proposed to
circumvent the pitfalls associated with the
dissociation technique, although they have
not been used in neuroimaging experiments.
For example, in the relative sensitivity
approach1,2, if a task that relies more on 
conscious (explicit) processing shows worse
performance than a comparable but less-con-
scious task, then the difference is attributed to
implicit processes34,35. This approach bypasses
the need to eliminate all explicit processing
in order to infer the existence of implicit 
processing. However, it depends crucially on
the assessment of which task relies more on
conscious processing. In addition, because
the approach does not eliminate conscious
processing, any dissociation between the
tasks might reflect the operation of two
explicit processes rather than a difference
between implicit and explicit perception36.
The approach has promise as a means of
investigating implicit perception in both
behavioural and neuroimaging contexts, but
has so far been used only sporadically.

The importance of qualitative differences.
Explicit perception varies with stimulus
intensity, and many claims of implicit percep-
tion have also shown that implicit measures
of performance vary with stimulus intensity.
When both explicit and purportedly implicit
processes vary in the same fashion as a func-
tion of stimulus intensity, sceptics can argue
that all of the effects are governed by the same
explicit mechanisms. That is, functionally
similar performance on two tasks does not
provide strong evidence for a dissociation
between two mechanisms; it seems more par-
simonious to assume a single mechanism,
with ‘implicit’ perception reflecting a weaker
form of the same explicit mechanisms.

Moreover, when the two patterns are
similar, it is possible that the presence of any
conscious processing might mask or obscure
implicit processing. According to one new

(chance performance, where sensitivity in
terms of signal detection theory is absent, or
d′=0) separately for each observer because
different individuals have different response
strategies, decision criteria and sensitivity5,27.
Unfortunately, few behavioural studies and
almost no neuroimaging or patient studies
meet these conditions satisfactorily13. The
formidable challenge of showing null sen-
sitivity for all the observers in a study has led
to the development of several variants of the
objective approach.

Variants of the ‘objective’ approach. Rather
than trying to establish an objective threshold
(d′=0) for each participant, one promising new
approach uses linear regression to predict indi-
vidual performance on an indirect (implicit)
measure from that on a direct (explicit) mea-
sure (FIG. 1). Even if some observers show bet-
ter than chance sensitivity, the regression line
can be extrapolated to the point at which the
direct measure shows null sensitivity. If the
indirect measure at that point shows better
than chance performance (that is, the y-axis
intercept is greater than 0), then implicit per-
ception is inferred28–30. However, extrapolation
to null sensitivity on the direct measure might
be inappropriate if the true relationship
between the tasks is not linear at low levels of
sensitivity31–33 — that is, the relationship

conservative response criterion — when tested
in this fashion patients are biased to report
that nothing was presented24. Such differences
in criteria might have contributed to the dis-
sociations that have been observed between
the verbal reports and actions of such patients,
thereby undermining claims that blindsight
performance occurs in the complete absence
of awareness. In summary, the problem with
relying on subjective verbal reports to assess
awareness is that subjects can erroneously
indicate null awareness because the fleeting
impression of a stimulus failed to surpass
their criterion for reporting it25.

A more ‘objective’ approach. Rather than rely-
ing on subjective reports of awareness, a more
objective approach uses multiple trials to show
that observers actually perform no better than
chance when asked to report the presence or
absence of a stimulus19,20. This approach uses
signal detection methods to factor out the
effects of confidence and decision criteria on
measures of awareness. If sensitivity to the
presence of a stimulus is demonstrably at
chance, then the participant is presumably
unaware of it. Any evidence for stimulus
processing despite this objective lack of aware-
ness can be attributed to implicit perception.
The primary challenge for this approach is to
provide definitive evidence that conscious
awareness is entirely absent and that perfor-
mance is truly at chance1,2,11,12. Distinguishing
null sensitivity from low-level sensitivity
requires many trials — more than have typi-
cally been used in studies of implicit percep-
tion26. Moreover, if conscious sensitivity varies
over time, then even showing null sensitivity
across a large set of trials might not provide
sufficient evidence for the absence of aware-
ness3 (see also REFS 4–9).At a minimum, studies
must determine the objective threshold

Box 2 | Masking and implicit perception

The typical example of the dissociation model, which has been applied in both behavioural and
neuroimaging contexts, involves the use of visual masking to inhibit conscious perception of a
prime stimulus. With appropriate timing and display parameters, a prime is rendered invisible
by the presence of a mask. If the prime still influences performance in some way, the effects can
be attributed to implicit perception. Competing neurophsyiological models of visual masking
have been proposed, but a complete description of these models is beyond the scope of this
paper (for discussion of the neural mechanisms of masking, see REFS 78–81).

Initial evidence from studies that used masked priming showed that even when observers
could not distinguish between the presence and absence of prime stimuli, the meaning of the
masked primes affected responses to semantically-related, visible target words82 (see also REFS

83,84). In principle, results such as these could provide strong evidence for implicit perception.
However, these investigations have been criticized, both for problems with reliability and for
using insufficiently sensitive measures of awareness15 — the measure of explicit awareness might
not tap all relevant aspects of conscious experience1,2,85. Furthermore, observers are often under-
confident about their perceptual experiences and report no awareness even when detection of
stimuli by forced-choice methods is better than chance.

Box 3 | Blindsight

The term blindsight describes a phenomenon seen in patients who have sustained damage to the
primary visual cortex or V1, most commonly as a result of head trauma, vascular accident or
tumour. The damage produces a contralesional visual field defect. These patients report no
awareness of a stimulus in their damaged field, but when forced to choose a property of the
stimulus (for example, is it red or green, moving or not moving, or present or absent), they perform
better than chance. Indeed, they often report that they see nothing at all and that their responses are
just guesses. The neuropsychological condition of blindsight is defined by this disconnect between
discriminative performance and subjective awareness (for reviews, see REFS 86,87).
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Neuroimaging approaches
Although qualitative differences on their own
do not provide conclusive evidence for implicit
perception15, they do provide converging
evidence. Neuroimaging approaches might be
most useful in exactly this context, as they
reveal qualitative differences in processing
without the need for a distinct behavioural
measure of implicit processing. In other
words, neuroimaging can uncover dissocia-
tions and test theories in ways that are not
possible with strictly behavioural measures.
For example, the Global Workspace Theory
proposed by Baars attributes consciousness to
distributed long-range connectivity among a
set of non-conscious specialized processors
or modules40,41. These modules might be
mobilized and their outputs made available
to consciousness as a result of top-down atten-
tional amplification of neural activity42,43.
Accordingly, implicit processes should be
relatively localized to specialized modules, but
explicit perception should result in distributed
activity across a number of modules. This
view of consciousness makes strong predic-
tions about neural activity that can readily be
tested using neuroimaging methods. However,
unless such studies adopt rigorous behav-
ioural controls to determine that conscious
perception is entirely absent, qualitative differ-
ences in the distribution of activity could be
attributed to variations in the confidence of
explicit detection rather than to a distinct
implicit mechanism.

In one study, neural activity was measured
in response to masked words that were almost
never named successfully44. Compared to a
blank-screen control condition, these masked
words activated brain regions that are associ-
ated with reading (for example, the left later-
alized extrastriate cortex, fusiform gyrus and
precentral sulcus), which indicates that the
unseen stimuli were processed in a similar

view, implicit perception can be reliably
observed only when conscious performance
is objectively at chance, because any effects of
implicit perception are masked or obscured
by the presence of conscious processing10 (see
also REFS 11–13). In essence, implicit processing
is revealed when conscious sensitivity is
absent and performance on an implicit task
improves as stimulus intensity decreases. At
its core, this model requires both null con-
scious sensitivity and a qualitative difference
between the effects of stimulus intensity on
implicit and explicit processes.

Qualitative differences have previously
been reported in the context of the opposition
technique. In this procedure37, subjects view
word stimuli, which are presented for varying
durations, and then try to complete word
stems with words that were not presented.
Conscious awareness of the studied words
should lead the subjects to complete the
word stems with other words as instructed.
Consequently, if their stem completion per-
formance includes many of the studied
words, the effect is attributed to implicit pro-
cessing — had they been aware of them they
would have excluded the words. Implicit
perception is indicated when trials in which
subjects were aware and unaware elicit quali-
tatively different patterns of performance38.
However, these effects can be influenced 
by decision criteria. With low confidence in
their percept, the subjects might mistakenly

report that they had not seen a word even if
they did have some residual awareness. In
fact, with increased motivation to exclude
studied words, subjects show less implicit
processing39. Like approaches that rely on sub-
jective reports of awareness, the opposition
technique does not provide a pure measure of
implicit perception, but does provide impor-
tant evidence for differences in processing
above and below a subjective threshold (BOX 4).
Only when combined with sufficiently rig-
orous methods for eliminating conscious
awareness can qualitative differences provide
a more convincing source of evidence for
implicit perception.
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Figure 1 | The regression approach. a | Hypothetical data patterns for the linear regression approach.
The top graph shows a pattern that is taken to reflect implicit perception — when performance on the
direct (explicit) measure is extrapolated to 0, performance on the indirect (implicit) task is still greater than 0.
The lower graph shows a pattern that indicates an absence of implicit perception — when performance
on the direct measure is extrapolated to 0, performance on the indirect task is also 0. Adapted, with
permission, from REF. 29 © (1995) American Psychological Association. b | An illustration of the regression
analysis technique. The association between implicit effects and the perceptibility of prime stimuli is
represented by the regression line (blue), with the line extrapolated to the point at which the direct
measure reveals no sensitivity. The curves on either side of the regression line (purple) indicate a 95%
confidence interval (CI) around the regression line. In this case, the CI shows that the regression line
intercepts the y-axis above zero, so priming is reliable even when the direct measure shows no evidence for
conscious perceptibility of the primes. Critics challenge the assumption that this approach infers implicit
processing (see text). Adapted, with permission, from REF. 89 © (2000) American Psychological Society.

Box 4 | Subjective assessment of awareness and qualitative differences

Subjective reports are insufficient for making inferences about perception in the absence of
awareness — they measure what is reported, not what is reportable. Nonetheless, dissociations
between performance with awareness and performance when subjects report no awareness are
important to our understanding of perceptual processing. When a blindsight patient reports no
awareness of a light flashed in their damaged visual field but still reaches appropriately for it, their
performance might reflect implicit processing, but because the measurement of awareness is
subjective, this is indeterminable — it could be that the patient uses a different decision criterion
for a reaching response, one that is somewhat more liberal than for their judgment. However, even
if the reaching performance is not truly implicit, it still shows that patients are able to act on a
stimulus when they do not or cannot consciously report its presence. Moreover, qualitatively
different performance above and below the subjective threshold indicates the presence of distinct
processing mechanisms, although both of these might be conscious. Such dissociations are fertile
grounds for neuroimaging research. The critiques raised in the main text apply to claims of
perceptual processes that operate entirely in the absence of awareness.
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subjects’ ability to name it — a task that prob-
ably induces a conservative criterion for
responses and thereby underestimates con-
scious perception. Reduced neural activity in
brain regions associated with reading in
response to masked words might be attribut-
able to conscious awareness that is too weak to
permit naming, rather than implicit percep-
tion of the masked word. Such pitfalls are
common in neuroimaging studies of implicit
perception.

Despite consensus in the behavioural
literature that subjective reports alone are
inadequate as measures of awareness and that
optimally sensitive explicit measures are
needed, most neuroimaging studies of
implicit perception rely exclusively on subjec-
tive measures that are heavily influenced by
confidence and response biases. Consequently,
in most cases, these studies do not provide
convincing evidence for perception without
awareness. For example, one experiment
measured an event-related potential (ERP)
correlate of motor cortex activation — the
lateralized readiness potential (LRP)45 — to
determine whether activation persisted even
when participants reported no awareness of a
stimulus (FIG. 3). Numeric primes were pre-
sented between two displays of arbitrary
characters (these ‘masking’ displays reduce
the visibility of the primes) and subjects
reported whether a subsequent target was
greater or less than five. Although subjects
reported no awareness of the prime, responses
were slower when the prime and target fell on
different sides of five. The existence of covert
motor activity in response to an ‘unaware’
prime stimulus, measured by way of the LRP,
indicates that semantic information about the
prime (that is, whether it was greater or less
than five) was processed without awareness46

(see also REF. 47). However, such studies often
used different subjects to assess the explicit
perceptibility of the prime  and to participate
in the imaging component46 (see also REF. 48),
which raises the possibility that individual 
differences in sensitivity affected whether the
prime was consciously perceived.

Many studies also infer the existence of
implicit perception from findings of similar
activation patterns for implicit and explicit
processes. However, as noted earlier, similar
patterns could readily result from a single
mechanism. For example, repeating a word
that is not consciously reported leads to a
systematic decrease in the magnitude of
neural activity in response to that word44,48,49,
a phenomenon known as repetition suppres-
sion. Presenting the same number as a
masked (‘implicit’) prime and as a target
produces bilateral repetition suppression in

pattern is consistent with the Global Work-
space Theory, it does not provide convincing
evidence for implicit processing because, like
most studies, it did not include a sufficient
assessment of awareness. Explicit perceptibility
of the prime stimulus was measured by the

way to visible words. However, activity in
response to masked words was smaller in
magnitude and less widely distributed than
that for consciously perceived words, which
also elicited activity in the parietal, prefrontal
and cingulate cortices (FIG. 2). Although this
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Figure 2 | Visible words and masked words. a | A word or blank screen was presented amid a series of
masking stimuli and blank screens, and perceptibility of the word was manipulated. Masks consisted of a
semi-random array of square and diamond shapes and covered the part of the screen where the word
would otherwise have appeared. In the illustration above, the word “LION” (left) was surrounded by blank
screens and was visible to participants, whereas the word “NOTE” (right) was surrounded by masking
stimuli and so was not reportable. b | Functional MRI activity that was elicited by visible and masked words,
respectively. The top figure shows activations that were seen in the left hemisphere in a group of
participants, plotted in a translucent, three-dimensional reconstruction of the brain and skull of one
participant. The bottom figure shows group activations plotted in Talairach space from sagittal and axial
views, superimposed on the mean anatomical image of all participants. The middle figure depicts peak
activation in the left fusiform gyrus, which shows an increase in activation for trials in which the word was
visible (not masked) that is 12 times the magnitude of activation that was seen when the words were
masked. Consistent with the Global Workspace Theory of consciousness, visible words elicited activity that
was both more robust and more extensive than that elicited by masked words. Nonetheless, masked words
elicited activity in brain regions associated with reading (for example, left lateralized extrastriate cortex,
fusiform gyrus and precentral sulcus). Error bars are inter-subject standard errors of the mean. Tscale,
statistical t-distribution (Weibull distribution); P value, probability of activation of that magnitude or greater
based on the Tscale; Z, location of the axial slice according to Talairach coordinates. Adapted, with
permission, from REF. 44 © (2001) Macmillan Magazines Ltd.



© 2005 Nature Publishing Group 

 

P E R S P E C T I V E S

more distributed or right-lateralized activity.
This difference indicates that trials with and
without awareness activate qualitatively differ-
ent neural populations. Other investigations of
semantic priming have had less success in

the intraparietal sulcus. Similar reductions in
activity have been observed in the visual
word form area (VWFA), a region of the left
fusiform gyrus that has been implicated in the
invariant recognition of visible words44,49.
These findings have been taken to reflect
implicit perception, because the same areas
are affected by repetitions regardless of
whether or not the words and numbers are
consciously perceived47.Yet, when supposedly
implicit processes show the same pattern as
known explicit processes, it seems plausible
that the ‘implicit’ measures simply reflect
weak explicit perception. In this case, the
weaker neural activation could be attributed
to a smaller extent of explicit perception. So
far, most neuroimaging findings of implicit
perception have failed to eliminate the pos-
sibility that activity patterns result from weak
explicit processing; the methods insufficiently
eliminate the possibility of conscious percep-
tion, either by relying exclusively on subjective
reports of awareness or by inadequately estab-
lishing that performance is objectively at
chance12. Such studies fall prey to the same
criticisms that are levied against behavioural
research carried out using the dissociation
paradigm.

Rather than dwelling on these inadequa-
cies, we now focus on those few studies that
have approached the rigor that is needed to
support claims of implicit perception.We then
highlight how neuroimaging promises to pro-
vide insights that are not available through
strictly behavioural methods, provided that
sufficiently sensitive methods are used to
determine whether a stimulus is consciously
perceptible.

Improved imaging methods
Several neurophysiological experiments50–53

have investigated the effect of an implicitly
perceived prime word on the semantic pro-
cessing of a subsequently presented target
word by measuring modulation of the N400,
a negative-going ERP component that is sen-
sitive to manipulations of semantic related-
ness 54. In one of the most promising of these
experiments, Stenberg et al.51 systematically
manipulated target visibility and collected
trial-by-trial reports of perceptual awareness
as well as electrophysiological responses to the
target. Rather than using a simple report, as in
most previous neuroimaging studies, they
obtained several measures of awareness that
varied in their sensitivity. They used the most
sensitive measure of awareness to exclude
consciously perceived words from further
analyses, and showed that performance for
the remaining words was no better than
chance (d′=0). Despite the use of this more

systematic test of awareness, the N400 effect
persisted (albeit much reduced). Crucially,
consciously reported targets were associated
with a left-lateralized positive-going wave-
form, whereas unreported targets elicited
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The promise of neuroimaging
Qualitative differences alone provide insuff-
icient grounds on which to infer implicit
perception, but combined with rigorous mea-
sures of conscious perception and evidence
from other approaches, these differences can
provide crucial, converging evidence that
would be unavailable from behavioural
approaches alone. For example, neuroimag-
ing or physiological evidence might reveal
brain circuits or pathways that are distinct
from those typically responsible for conscious
processing. If neuroimaging evidence indi-
cates that those regions are activated in the
objective absence of awareness but not by 
a consciously perceived stimulus, it can
increase our confidence in claims of implicit
perception.

One excellent example of this conver-
gence comes from studies of the implicit
perception of emotional or threatening stim-
uli. A short-latency tecto-thalamic pathway
that projects directly to the amygdala and
bypasses the visual cortex has been impli-
cated in the implicit processing of fearful
faces and aversively conditioned visual
stimuli57,58. This pathway might provide a
mechanism for implicit processing of emo-
tion (FIG. 4); as such, neuroimaging studies
can look for activation in this pathway in the
absence of awareness. Indeed, the amygdala
is active in response to fearful, angry and
aversively conditioned masked faces59–61 (but
see also REF. 62) (FIG. 5). Moreover, amygdala
activity that is elicited by masked emotional
faces covaries with activity in the posterior
thalamic nuclei (pulvinar) and the superior
colliculus in neurologically intact individuals
and in a blindsight patient with damage to
the left occipital lobe63,64. These finding are
consistent with the presence of a subcortical
pathway for processing emotional stimuli.
Similarly, the implicit perception of fear and
corresponding amygdala activation are
observed in patients with parietal neglect
syndrome. Such patients fail to report a
stimulus in their contralesional visual field
when it is presented simultaneously with a
stimulus in their ipsilesional visual field65,66

— that is, they show amygdala activation for
stimuli they do not report. Importantly, in
binocular rivalry studies of implicit percep-
tion of emotional faces, high-level visual
processing areas that are sensitive to faces
(for example, the fusiform face area) were
not active, which indicates that amygdala
activity cannot be attributed to processing in
the geniculostriate visual stream67.

Further evidence for the implicit processing
of emotion in a separate pathway comes from
ERP experiments, in which masked fearful

at individually determined objective thresholds
(that is, with chance detection performance)
elicited a larger amplitude of N200; by con-
trast, visible primes elicited the standard
modulation of the N400. Together with care-
ful measurement of conscious awareness, this
qualitative difference indicates that unique
neural populations are recruited during
implicit and explicit prime perception, which
strengthens claims that these are separable
processes.

finding an N400 for implicitly perceived stim-
uli55,56. The absence of an N400 in these
experiments might be the result of using a
relatively long delay between the prime and
target, which would make the measures
insensitive to any short-lived implicit effects.
However, one of these experiments56 indi-
cated a different dissociation. Target words
that were preceded by semantically related
masked primes (versus target words preceded
by unrelated masked primes) and presented

Left visual field

Right visual field

Nasal

Optic
chiasm

Temporal

Temporal

Amygdala

Pulvinar nucleus

Lateral geniculate
 nucleus

Superior colliculus

Optic radiation

Primary visual
cortex

Figure 4 | Subcortical visual pathway. Converging neuroscientific evidence indicates that there is a
subcortical visual pathway (dashed line), which is distinct from and phylogenetically older than the primary
visual processing pathway (solid line) that projects to the primary visual cortex before reaching higher level
processors. Although still speculative, this subcortical pathway is thought to pass information from the
retina to the superior colliculus to the posterior thalamic nuclei (including the pulvinar), and then to the
amygdala, quickly providing the amygdala with information about the presence of emotionally-relevant,
fear-inducing or dangerous stimuli in the environment57,58,63,64,71. This pathway could provide the
necessary information for the amygdala to mediate aspects of emotional processing, especially of fear,
rapidly and automatically, even in conditions in which the critical stimulus is outside either awareness or
the focus of attention. Adapted, with permission, from REF. 90 © (2002) W. W. Norton & Co.
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indicates that implicit processing of emo-
tion might operate through this pathway,
whereas explicit processing occurs in
regions that typically mediate slower, cog-
nitively driven evaluative responses. This
evidence provides a dissociation that would
be unavailable using strictly behavioural
measures. In this case, a separate implicit
pathway is particularly plausible — it could
confer a distinct evolutionary advantage 
by providing a mechanism to alert an
organism to focus attention on threatening
objects57. So, even if the evidence does not
meet the stringent conditions that are
required to show implicit perception, the
presence of theory-driven reasons about
why implicit processing of emotion might
be beneficial, coupled with evidence for
several neural pathways for emotional pro-
cessing, makes this a particularly promising
domain for future studies of implicit per-
ception. However, as for other behavioural
and imaging studies of implicit perception,
this promise remains unfulfilled without
more systematic measures of conscious 
perceptibility.

Future perspectives
Neuroimaging techniques, when combined
with appropriately sensitive measures of con-
scious awareness, provide an important new
avenue for identifying qualitative differences
between implicit and explicit processes, and
promise to reveal dissociations that are
unavailable using strictly behavioural mea-
sures. For example, neuroimaging can reveal
distinct neural signatures — different brain
regions or different time courses of activation
— for implicit and explicit processes.
However, most imaging experiments have
used measures of conscious awareness that
are insufficiently rigorous, and have not met
the conditions that are necessary for inferring
implicit perception.As for behavioural studies
of implicit perception, it is crucial to establish
separate thresholds for awareness for individ-
ual subjects and, ideally, awareness should be
assessed on a trial-by-trial basis. Measures of
sensitivity to the presence of the stimulus, such
as d′, are rarely reported in neuroimaging
studies. Consequently, most ‘implicit’ effects
can plausibly be attributed to partial aware-
ness of the stimulus. This is particularly
applicable when the same structures are active
during implicit and explicit perception. When
the activity that is elicited by masked words is
simply reduced compared with that elicited
by visible stimuli, the pattern is consistent
with low-level conscious perception and can-
not unequivocally support claims of implicit
perception (BOX 5).

faces elicited a P1 component within the first
100 ms of processing, as well as an enhanced
N2 component, each thought to reflect auto-
matic aspects of face processing. By contrast,
visible fearful faces modulated later ERP
components, such as the N400, and a late P3
component, which are implicated in the con-
scious integration of emotional content68,69.

Despite converging evidence for a separate
neural pathway underlying the implicit pro-
cessing of emotion, other evidence indicates
that these pathways are not entirely distinct.
For example, in a recent intracranial electro-
physiological study, amygdala activity did not
differentiate visible fearful faces from visible
faces that expressed other emotions until
200 ms after face presentation. This finding
seems to be inconsistent with a direct, short-
latency visual pathway that mediates rapid,
unconscious processing of fearful faces70. How-
ever, the ‘implicit’ pathway might be enlisted
only for unattended or visually degraded dis-
plays71, and the stimuli used in this study were
fully visible.A more problematic recent finding
is that the amygdala only discriminates be-
tween emotional and neutral faces when suffi-
cient attention is devoted to the faces — when
subjects attend to a competing task the amyg-
dala is not automatically engaged by emotional
faces72. This finding raises concerns that previ-
ous studies of implicit fear perception, like

most studies of implicit perception, did not
sufficiently eliminate conscious processing of
the emotional content of the faces.

In fact, none of these studies of the
implicit perception of emotion established
an individual conscious perceptibility thresh-
old for each participant. Rather, thresholds
were either adopted from earlier research
conducted by Esteves & Ohman73 (see also
REFS 59,60,63) or were established using a sepa-
rate group of subjects before the imaging
experiments were conducted61,62,67,68. These
thresholds might have been affected by overly
conservative responses. For example, in one
experiment, masked angry faces were not
detected by any of the subjects, but 100% of
visible angry faces were detected60, which
indicates that subjects only reported the pre-
sence of an angry face when it was clearly
visible. Consequently, the processing of
masked fearful faces might not have been
completely outside the subjects’ awareness,
meaning that the results do not provide con-
clusive support for implicit perception.

Despite these drawbacks, converging evi-
dence strengthens the case for implicit pro-
cessing by implicating the existence of an
anatomically and functionally distinct short-
latency pathway that mediates rapid responses
to threatening stimuli and that could operate
outside awareness. Neuroimaging evidence
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Figure 5 | Masking face stimuli. a | Before imaging, an angry face was paired repeatedly with aversive
white noise to produce a conditioned response. During scanning, visibility of this conditioned angry face
(CS+) and an unconditioned angry face (CS–) was systematically manipulated. Each trial consisted of a
target face, followed immediately by the presentation of a second face, which served as a mask. Subjects
failed to report the presence of angry faces only when they were masked with a neutral-expression face
(left). b | Amygdala activity was evident regardless of stimulus visibility, although there were qualitative
differences in lateralization of amygdala activity as a function of visibility. A comparison of the activation seen
for masked CS+ and masked CS– faces revealed greater activation in the right amygdala in response to
CS+ faces, and the same comparison for visible faces revealed greater activity in the left amygdala in
response to CS+ faces. Adapted, with permission, from REF. 60 © (1998) Macmillan Magazines Ltd.
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Box 5 | A problem that is specific to neuroimaging

Unless the materials used to measure implicit and explicit perception are comparable, any
differences in perception might result from differences in the displays themselves. Therefore, the
displays used to measure implicit and explicit perception must be comparable1,2. Researchers
have long known the importance of equating display conditions for all variables except the one
of interest. Although the different conditions in the imaging session are often carefully equated,
in many cases the thresholds for conscious perceptibility are measured outside the scanner, and
those thresholds are then used during the imaging session. Unfortunately, conscious
perceptibility of a stimulus may differ under these separate viewing conditions, due to both the
change in context for the subject and the displays themselves. Liquid crystal displays (LCDs) and
thin-film transistor (TFT) technology, which are increasingly being used in neuroimaging
studies, are not well suited to masking experiments because they are less accurate at maintaining
temporal precision across trials than are slide projectors with mechanical shutters or cathode-
ray monitors88. If different displays are used to establish thresholds outside the imaging
environment, then stimuli that were not consciously perceptible in the tests used to determine
conscious thresholds might be consciously perceptible in the scanning environment. It is crucial
to measure the thresholds for conscious perceptibility using the same displays and in the same
testing situation that will be used for neuroimaging.
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