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Abstract: Neuroimaging studies using backward masking suggest that conscious and nonconscious
responses to complex signals of fear (facial expressions) occur via parallel cortical and subcortical circuits.
Little is known, however, about the temporal differentiation of these responses. Psychophysics procedures
were first used to determine objective thresholds for both nonconscious detection (face vs. blank screen)
and discrimination (fear vs. neutral face) in a backward masking paradigm. Event-related potentials
(ERPs) were then recorded (n = 20) using these thresholds. Ten blocks of masked fear and neutral faces
were presented under each threshold condition. Simultaneously recorded skin conductance responses
(SCRs) provided an independent index of stimulus perception. It was found that Fear stimuli evoked
faster SCR rise times than did neutral stimuli across all conditions, indicating that emotional content
influenced responses, regardless of awareness. In the first 400 msec of processing, ERPs dissociated the
time course of conscious (enhanced N4 component) from nonconscious (enhanced N2 component)
perception of fear, relative to neutral. Nonconscious detection of fear also elicited relatively faster P1
responses within 100 msec post-stimulus. The N2 may provide a temporal correlate of the initial sensory
processing of salient facial configurations, which is enhanced when top-down cortical feedback is
precluded. By contrast, the N4 may index the conscious integration of emotion stimuli in working

memory, subserved by greater cortical engagement. Hum. Brain Mapp. 21:64-74, 2004.
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INTRODUCTION

It is not yet known whether the “neural signature” of
consciousness involves activity in particular neural net-
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works, a particular temporal pattern of neural activity, or an
interaction of spatial and temporal dimensions [Crich and
Koch, 1998; Frith et al., 1999]. Backward masking is one of
the key experimental paradigms used to explore neural re-
sponses to below-awareness stimuli with brain imaging
measures. The salience of threat-related facial expressions as
biological signals in human interaction also makes them
well suited to the study of nonconscious perception. We
used event-related potential (ERP) recording with backward
masking to examine the time course of neural responses to
nonconscious versus conscious perception of expressions of
fear. Skin conductance arousal was recorded simulta-
neously, to provide an independent peripheral measure of
fear perception.
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Functional neuroimaging studies using backward mask-
ing to prevent conscious emotion discrimination have ob-
served some degree of emotion modulation in the amygdala,
but reduced cortical activity for “unseen” threat-related fa-
cial expression stimuli [Morris et al., 1998, 1999; Whalen et
al., 1998]. Observations with “blindsight” patient GY, with a
striate cortex lesion, suggest that nonconscious emotion per-
ception may occur via an early visual (brainstem colliculo-
pulvinar)-thalamo-amygdala circuit [Morris et al., 2001].
These observations are consistent with the proposal that
processing of threat signals may occur via alternative path-
ways: a direct sensory-amygdala circuit for rapid and auto-
matic responses to low-level features, in the absence of
cognitive mediation, and a slower cortico-amygdala path-
way for conscious elaboration of stimulus context [Davis,
1992; LeDoux, 1998].

It has been demonstrated that central processing of threat-
related sensory input relies on feedback from bodily states of
autonomic arousal, and this feedback may elicit subjective
responses that occur both consciously and nonconsciously
[Bechara et al., 1997; Damasio, 1996; Williams et al., 2001]. In
backward masking studies, nonconscious as well as con-
scious threat-related face (and non-face) stimuli have been
shown to enhance autonomic arousal, indexed by skin con-
ductance responses [SCRs; Clark et al., 1992; Dimberg and
Ohman, 1996; Esteves and Ohman, 1993; Ohman and Soares,
1998]. These findings suggest that changes in autonomic
arousal play a role in differentiating emotionally salient
sensory input, even in the absence of conscious recognition.
Consistent with neuroimaging findings, brainstem systems
involved in regulating autonomic arousal (particularly, lo-
cus coeruleus projections within the ascending reticular ac-
tivating system) may provide a direct pathway for initiating
such nonconscious peripheral responses.

To date, ERPs have not been used to examine the time
course of nonconscious versus conscious perception of
threat-related face stimuli, within a masking paradigm. Con-
vergent ERP evidence from tachistoscopic, lesion, and high-
density mapping studies, however, provide a basis for pre-
dictions in this study. Nonconscious perception has been
shown to modulate neural activity within100-200 msec of
stimulus onset but, beyond this window, there is a rapid
decay in activity [Bernat et al.,, 2001a; Kiefer and Spitzer,
2000; Marzi et al., 2000]. Given high-density ERP mapping
evidence that the first 200 msec of processing is sufficient
time for top-down parietal and prefrontal feedback [Mol-
holm et al., 2002], we suggest that backward masking may
prevent or limit such feedback. By contrast, conscious per-
ception is distinguished by sustained and prominent activity
beyond 300 msec post-stimulus, which may reflect the on-
going interaction of sensory and top-down feedback [Bernat
et al., 2001a; Cuthbert et al., 2000; Diedrich et al., 1997; Kiefer
and Spitzer, 2000]. These observations suggest that ERP
components within 200 msec and beyond 300 msec post-
stimulus may provide temporal correlates of the neural cir-
cuits engaged by nonconscious versus conscious perception
of fear [LeDoux, 1998].

ERP studies of conscious perception suggest that face and
emotion perception are distinguished by specific compo-
nents within the first approximately 400 msec of stimulus
processing. An N2 component peaking around 200 msec
(and also reflected in more specific N170 or N250 compo-
nents), occurs consistently for face stimuli, both schematic
and photographic [Bentin et al., 2002; Schweinberger and
Burton, 2003]. This component is modulated also by the
emotional valence of both schematic and photographic facial
expressions [Mikhailova and Bogomolova, 1999; Sokolov
and Boucsein, 2000]. Given consensus that the N2 reflects
detection and holistic perceptual analysis of facial configu-
rations [Bentin et al., 1996], it may be modulated by the
distinctive configurations that define each facial expression.
This proposal is consistent with the role of the early visual
stream in emotion modulation [Pizzagalli et al., 2002]. The
N4 component is elicited around 400 msec post-stimulus by
conscious processing of the emotion valence of both word
and face stimuli [Halgren and Marinkovic, 1995; Kiefer and
Spitzer, 2000]. It is suggested that the N4 reflects the post-
perceptual and conscious integration of meaning and con-
text in working memory [Kiefer and Spitzer, 2000].

Threshold Setting

The discrimination threshold (or point at which subjects
cannot discriminate emotion from neutral with above-
chance accuracy) has been the criterion for nonconscious
perception used in previous neuroimaging studies of
masked stimuli (reviewed in the previous section). Attention
should also be given to the detection threshold (the point at
which subjects cannot detect whether a face stimulus or
blank screen has been presented), to provide a stringent test
of below-awareness perception [Shevrin, 2001; Snodgrass et
al., 1993]. Some degree of conscious detection of stimulus
features must occur before emotion discrimination is possi-
ble, and this “smidgen of consciousness” may interfere with
the ability to examine the correlates of nonconscious percep-
tion [Bernat et al., 2001b]. In this study, therefore, we com-
pared responses in both detection and discrimination
threshold conditions to a suprathreshold condition, in which
awareness was above both these thresholds. We also relied
on an objective forced-choice task, based on signal detection
theory, to establish each threshold. This procedure over-
comes the potential limitations of subjective self-report pro-
cedures, in which subjects report no awareness (possibly
due to uncertainty), but may nonetheless experience some
level of conscious awareness [Bernat et al., 2001a].

It was predicted that nonconscious perception would be
associated only with ERP components within 100-200 msec
post-stimulus onset, and would be most pronounced for
fear. We expected conscious perception to be distinguished
by greater activity beyond 300 msec, similarly most promi-
nent for fear, whereas activity would decay across this time
frame for nonconscious perception. We predicted that fear
would also be distinguished from neutral by the rise time
and amplitude of SCRs in both nonconscious and conscious
conditions.
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SUBJECTS AND METHODS
Threshold-Setting Experiment
Participants

Fifteen healthy volunteers (eight men, seven women; age-
matched; mean age, 26.4 = 3.9 years) participated in the
threshold-setting tasks. Inclusion criteria were predominant
right-handedness, normal or corrected to normal vision, and
absence of a history of psychiatric or neurologic disorder,
head injury, psychotropic medication use, or substance
abuse, assessed using a semi-structured interview, the West-
mead Hospital Clinical Information Base (WHCIB) [Wil-
liams et al., 2000]. Written and informed consent was ob-
tained from subjects according to National Health and
Medical Research Council guidelines. Participants com-
pleted two tasks (discrimination and detection) in counter-
balanced order.

Stimuli

Psychophysical testing was undertaken at the Brain Dy-
namics Centre, Westmead Hospital, Sydney. Eight identities
depicting facial expressions of fear and neutral were selected
from a standardized series [Ekman and Friesen, 1976]. Dif-
ferent intensities of expression were derived using standard-
ized computer manipulation [Calder et al., 1997]. Fear ex-
pressions were each 100% intensity, but neutral was
represented by mildly (25%) happy expressions to control
for the observation that 100% neutral expressions tend to be
interpreted as somewhat negative [Phillips et al., 1997]. A
blank stimulus, of the same rectangular shape and size as
face stimuli and filled with an identical mid-grey back-
ground tone, was created by computer manipulation. Stim-
uli were 430 pixels in height and 340 pixels in width.

Experimental tasks and procedure

The threshold-setting experiment consisted of two psy-
chophysical tasks: (1) a discrimination threshold-setting
task, to determine the point at which subjects could not
discriminate fear versus neutral with above-chance accu-
racy; and (2) a detection threshold-setting task, to determine
the point at which subjects could not detect whether a face
versus blank screen stimulus was presented. In both tasks,
backward masking was employed, so that thresholds could
be applied directly in the subsequent ERP study. Partici-
pants were asked to keep their choices divided evenly be-
tween each option within each task. Using signal detection
theory [Macmillan, 1986], the objective criterion for lack of
conscious perception was d' = 0 (i.e., the stimulus-onset
asynchrony [SOA] at which performance accuracy does not
differ significantly from chance performance or 50%). This
procedure overcomes the potential limitation of a subjective
self-report criterion, in which subjects report no awareness
(possibly due to uncertainty), but d’ may nonetheless be
greater than zero [Bernat et al., 2001a].

Stimuli were presented via an SVGA monitor (refresh rate
of 100 Hz). The retinal stimulation was equated between all

stimuli and conditions (mean luminance of 30). To ensure
precise stimulus presentation duration and to avoid dura-
tion error due to screen refresh cycles, the computer video
card was programmed directly to write each stimulus to the
screen before exposure. This procedure ensured that that
exposure was synchronized with the refresh of the monitor.
The accuracy of stimulus duration was also confirmed inde-
pendently using an oscilloscope.

Discrimination threshold (and suprathreshold) task. The
discrimination task was designed to establish the thresholds
for conscious, as well as unconscious discrimination. Six
blocks of 64 target/mask pairs each were randomized
within subjects. SOA between target and mask was manip-
ulated between blocks (20, 30, 50, 90, 170, or 330 msec).
Target duration was equivalent to the SOA, such that mask
onset was immediate. In each block, half (32) of the target
stimuli were fear and the remaining 32 targets were neutral.
All mask stimuli were neutral. The interval between presen-
tation of successive target/mask pairs was 1 sec. Neutral
mask stimuli were presented for 100 msec and were offset
spatially by a 1-degree visual angle in the direction of the
four diagonals of the target stimulus to avoid artefactual
detection of facial expressions by the apparent motion in
fear/neutral pairs compared to neutral/neutral pairs (e.g.,
the drop in eyebrow angle from fear target to neutral mask).
Subjects made an objective forced-choice decision about the
target face expression (fear vs. neutral) via button-press after
each target/mask trial.

Detection threshold task. To establish the threshold for un-
conscious detection, subjects were presented five blocks of
64 target/mask pairs, with five SOAs manipulated between
blocks. Given the logical assumption that detection thresh-
old SOA would be shorter than that for discrimination, and
that conscious perception was established in the previous
task, the five SOAs for this task were a finer-grained division
of the first three SOAs used for the discrimination task (10,
20, 30, 40, and 50 msec). Half (32) of the targets were faces
(16 fear, 16 neutral) and the remaining 32 targets were blank
stimuli. The presentation procedure followed that for the
discrimination task; however, the forced-choice decision
was for face versus blank.

ERP-SCR Experiment
Participants

Twenty healthy volunteers (10 males, 10 females, age-
matched), meeting identical inclusion and exclusion criteria
to the threshold-setting experiment (mean age, 24.9 * 7.5
years), took part. Subjects were asked to refrain from caf-
feinated beverages and nicotine or other substances for 24 hr
before testing.

Stimuli and procedure

Testing was undertaken at the Brain Dynamics Centre
psychophysiology laboratory, Westmead Hospital, Sydney.
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Stimuli included fear and neutral faces, identical to those
used in the threshold setting experiment. Target-mask pairs
were presented under three threshold conditions: supra-
threshold (170 msec SOA), nonconscious discrimination (30
msec SOA), and nonconscious detection (10 msec SOA).
Given the minimal individual variation within these SOAs
in the threshold-setting task, it was appropriate to apply
them in this participant group. Within each condition, stim-
uli were presented in similar numbers and structure to the
threshold task. A total of 150 fear target-neutral mask pairs
and 150 neutral target-neutral mask pairs, with a 1-sec ISI,
formed 10 blocks of 30 pairs. The order of conditions was 10,
30, and 170 msec SOA. To avoid confounding effects of
suprathreshold perception on subthreshold perception [Ber-
nat et al,, 2001a; Wong et al, 1994], conditions were not
counterbalanced across subjects. Participants were given ex-
plicit instructions that pairs of target-mask face stimuli
would be presented. It was emphasized that the first face
might be difficult to see, but to concentrate as best they
could on it, because they would be asked questions about
these faces after testing. The emotional content of the target
faces was not revealed in these instructions, to avoid expect-
ancy effects.

Data acquisition

ERP recording. During presentation of each threshold con-
dition, ERPs were recorded via an electrocap according to
the International 10/20 system of electrode placement
[Blom and Anneveldt, 1982]. The focus of this study was
the midline sites Fz, Cz and Pz, with linked earlobes
serving as a reference point. Previous studies have shown
that midline site ERPs are sensitive to modulation by
facial emotion stimuli [e.g., Carretié and Iglesias, 1995;
Lang et al., 1990]. To correct for eye blinks and non-
stimulus-related eye movement artifacts, both horizontal
and vertical eye movement potentials were recorded us-
ing electrodes placed laterally 1 cm from the outer can-
thus of each eye, and 1 cm above and below the left eye.
All electrode impedances were <5 k. ERPs were re-
corded for 200 msec pre-stimulus until 800 msec post-
stimulus onset, using a DC system with a digitization rate
of 250 Hz. Continuous electroencephalograph (EEG) re-
cording was used for the remaining time periods.

Skin conductance data. Skin conductance was recorded si-
multaneously with ERP data via a pair of silver-silver chlo-
ride electrodes with 0.05 M sodium chloride gel placed on
the distal phalanges of digits II and III of the left hand. The
electrode pairs were supplied by a constant voltage and the
current change representing conductance was recorded us-
ing the DC amplifier.

Data reduction and analyses

ERP data. ERPs were time-locked to the onset of target
stimuli in each condition. Amplitude and latency for the
ERP components of focal interest (P1, N1, P2, N2, P3, and
N4) were scored from baseline to peak using an automated

system [Haig et al., 1995]. Based on previous ERP studies of
unconscious versus conscious perception [Bernat et al.,
2001a; Kiefer and Spitzer, 2000], the respective time win-
dows for each component peak were: P1, 30-100 msec; N1,
80-140 msec; P2, 180-220 msec; N2, 200-300 msec; P3, 300—
500 msec; and N4, 300-600 msec. Outliers for each ERP
component at each recording site were defined as greater
than three standard deviations above the mean within each
condition, and were replaced with the next most extreme
point, as described previously by Tabachnick and Fidell
[1989]. There were 7 outliers of 2880 total data points.
MANOVA was used to analyze ERP amplitude and la-
tency; temporal condition (10, 30, and 170 msec SOA),
emotion (fear vs. neutral), and recording site (Fz, Cz, Pz)
were within-subject factors. The focal effects of interest
were interactions involving condition and emotion.
Paired t-tests were used to explore significant MANOVA
effects according to the a priori hypotheses.

Skin conductance data. The presence of a phasic skin con-
ductance response (SCR) was defined by an unambiguous
increase (>0.05 uS) with respect to each pre-target stimulus
baseline and occurring 1-3 sec after the target face stimulus
[Barry and Sokolov, 1993]. The number, amplitude, and rise
time of SCRs were scored using customized software, based
on a sigmoid-exponent mathematical model that allows each
SCR to be linked to the individual eliciting stimulus. It also
allows overlapping SCRs (in short ISI paradigms) to be
disentangled [Lim et al., 1997]. SCR data were first analyzed
using MANOVAs with temporal condition (10, 30, and 170
msec SOA) and emotion (fear vs. neutral) as within-subject
factors. Paired t-tests were used to explore the a priori
contrasts of interest.

ERP-Skin conductance relationships. We used Pearson cor-
relation analysis to explore associations between ERP and
SCR data.

Time course analyses. Neuroimaging studies have shown
that brain activity in response to fear-related stimuli may
decline across stimulus blocks [e.g., Buchel et al., 1999; LaBar
et al., 1998]. In these studies, responses for the first half of
each block were compared to those for the second half. We
followed this procedure to explore the potential contribution
of rapid (within-block) response attenuation to significant
effects involving condition and emotion, for both ERP and
skin conductance data. MANOVA was undertaken with
time (first 15 vs. last 15 stimuli in each block) and emotion as
within-subject factors. For ERP data, site was an additional
within-subjects factor.

RESULTS
Threshold-Setting Experiment

Discrimination threshold (and suprathreshold) task

Mean percentage accuracy (and standard error) for each
SOA is presented graphically in Figure 1A. Performance was

* 67 ¢



¢ Williams et al. ¢

A B
<. 0001
E' 100 greewwwrrrrrrrw e - E ----- E 100
0
5 O | e A i A A a0t ... g g0
o Al T o s W S o L] J
§ w p=.0001 o 80
E T Jesscscssssnnnccscsssnqtucsasssnnnssasssssnnsnss - g 70 1
E Bl Jerssssscsennsssgdsssnnssssssssnnssssnsnnsnnssnan E &0
: 50 4 '12' g' 50 -
3 = P - - - - g 40
20ns 30ms 50ms 90ms 170ms I0ms 10ms= 20ms= 30m= 40m= s0m=
Condition (SOA) Condition (SOA)
Discrimination threshold task Detection threshold task
Figure 1.

Mean percentage accuracy for SOAs in threshold setting discrimination task (A) and detection task
(B). P-values indicate whether or not accuracy at each SOA differed significantly from a chance-level

performance of 50%.

clearly above (P < 0.001) chance for SOAs of 50-330 msec
(Fig. 1A). Because performance reached a level that did not
differ significantly from chance at 30 msec SOA (f = 1.7, df
=14, P = 0.11), with minimal individual variation (standard
error [SE] = 1.02%), it was selected as the nonconscious
discrimination threshold. The SOA of 170 msec was selected
as the suprathreshold SOA because this was the point at
which consistent above-chance accuracy was reached (SE
= 1.09%).

Detection threshold task

Mean percentage accuracy (and standard error) for each
SOA is presented graphically in Figure 1B. Performance was
clearly above (P < 0.001) chance level performance for SOAs
of 30, 40, and 50 msec, and differed with marginal signifi-
cance (P = 0.05) for 20 msec. Because it was only at 10 msec
SOA that performance did not differ significantly from
chance (t = 1.4, df = 14, P = 0.20), with minimal individual
variation (SE = 1.02%), this SOA was selected for the non-
conscious detection threshold.

Analysis of correctlincorrect responses

For each of the selected sub- and suprathreshold SOAs
(10, 30, and 170 msec), we undertook x> analyses to deter-
mine if there were any systematic associations between ac-
curacy (proportion of correct vs. incorrect responses) and the
eight identities depicted in the face stimuli. No significant
associations were revealed, indicating that the accuracy of
stimulus perception would be distributed evenly across in-
dividual identities in the subsequent ERP experiment (170
msec SOA: x? 35 = 40, P = 0.26; 30 msec SOA, x* 49, = 48, P
= 0.24; 10 msec SOA, x2(42) = 56, P = 0.23).

ERP-SCR experiment
ERP data

Table I presents the descriptive data for ERP amplitude
and latency, and Figure 2 shows average ERP waveforms for
responses to fear versus neutral, across conscious and non-
conscious discrimination and detection conditions. The focal
MANOVA effects, involving emotion are considered in turn.

There was a significant three-way interaction between
condition, emotion, and site for both N2 (F[4,76] = 3.06, P
= 0. 02) and N4 (F[4,76] = 3.49, P = 0.01) amplitude.

The three-way effect for N2 was due to increased fronto-
central amplitude for fear relative to neutral for subthresh-
old (but not suprathreshold) conditions (30 msec SOA: Fz, f6
t[19] = 3.39, P = 0.003; Cz, t[19] = 3.72, P< 0.001; 10 msec
SOA: Fz, t[19] = 4.27, P < 0.001; Cz, t[19] = 3.02, P = 0.007).
When collapsing across emotion, N2 amplitude was most
enhanced overall for the 10-msec condition, and smallest for
the 30-msec condition, fronto-centrally (Fig. 2), reflected in
significant (P < 0.01) pairwise comparisons between all
three conditions. This pattern of N2 amplitude accounted for
significant two-way interactions for condition by emotion
(F[2,38] = 3.74, P = 0.03) and condition by site (F[4,76] =
743, P < 0.001), as well as a site by emotion interaction of
borderline significance (F[2,38] = 3.11, P = 0.056), and main
effects for site (F[2,38] = 41.90, P < 0.001) and emotion, at
borderline significance (F[2,38] = 4.13, P = 0.056).

By contrast, the N4 three-way interaction was explained
primarily by differences in the suprathreshold condition.
N4 responses to fear were greater than neutral only in the
suprathreshold (170 msec SOA) condition (t[19] = 4.42, P
< 0.001). N4 amplitude was also generally far larger in the
suprathreshold condition than in subthreshold conditions
at fronto-central sites, and smallest in the subthreshold
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Figure 2.
ERP responses to fear and neutral stimuli,
across conscious (170 msec SOA) versus non-
conscious discrimination (30 msec SOA) and
detection (10 msec SOA) conditions, at re-
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discrimination condition, reflected in significant pairwise
comparisons (at P = 0.01) between all three conditions for
both fear and neutral stimuli at Fz and Cz (but not Pz)
(Fig. 2). This pattern accounted for the significant condi-
tion by site interaction (F[4,76] = 13.98, P < 0.001), and
main effects for condition (F[2,38] = 72.85, P < 0.001),
emotion (F[1,19] = 8.71, P = 0.008), and site (F[2,38] =
46.66, P < 0.001).

There was a significant two-way emotion by condition
interaction for P1 latency (F[2,38] = 10.79, P < 0.001). P1
latency was relatively faster for fear versus neutral in the
10-msec SOA condition ({[19] = —3.65, P = 0.002), but not
for 30 msec or 170 msec SOA.
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Main effects of emotion

Only N1 latency showed a significant main effect for
emotion (F[1,19] = 6.46, P = 0.02), which reflected signifi-
cantly faster responses to fear versus neutral stimuli (f[19] =
2.54, P = 0.02).

Skin conductance data

Mean data for SCR amplitude, rise time and number (% of
total stimuli presented) are presented in Figure 3.

For SCR amplitude, MANOVA revealed a significant
main effect for condition (F[2,18] = 6.04, P = 0.01). SCRs
were generally larger in the nonconscious discrimination
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Figure 3.
Mean SCR amplitude and number (Y-axis 1) and mean SCR rise time (Y-axis 2) to fear and neutral
stimuli across conscious (170 msec SOA), nonconscious discrimination (30 msec SOA) and
nonconscious detection (10 msec SOA) conditions.
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(30-msec) condition, but smaller in the nonconscious detec-
tion (10-msec) condition, relative to SCRs elicited by con-
scious perception (170-msec SOA). Neither the main effect
for emotion, nor the condition by emotion interaction
reached significance. Planned contrasts showed that emo-
tion-related differences in SCR amplitude were significant
only for the 170-msec condition, in which SCRs were greater
to fear than to neutral ({[19] = 2.21, P = 0.039) (Fig. 3).

For SCR rise time, there was a significant main effect for
emotion (F[1,19] = 85.51, P < 0.0001), due to the pattern of
consistently faster SCR rise time for fear versus neutral
stimuli across all three conditions (170 msec, {[26] = 2.41, P
= 0.023; 30 msec, t[30] = 2.75, P = 0.01; 10 msec, {[34] = 3.92,
P < 0.0001) (Fig. 3).

The mean number of SCRs did not differ between across
conditions or emotion, indicating that differences in ampli-
tude and rise time could not be explained by SCR frequency.

ERP and skin conductance relationships

For the conscious perception (170-msec) condition, there
was a significant positive correlation between frontal N2 and
SCR amplitude for fear (r[20] = 0.54, P = 0.013), but a
significant negative correlation for neutral faces (r[20] =
—0.50, P = 0.023). A comparison of these sample correlation
coefficients, using the Fisher’s z transformation and asymp-
totic test procedures of Meng et al. [1992] confirmed a sig-
nificant difference between the values (z = 3.92, P < 0.0001).
There were no significant associations between these vari-
ables for the nonconscious (10 and 30 msec) conditions.
Faster N1 latency was associated with significantly reduced
SCR rise time for fear in both the 170-msec (r[20] = 0.47, P
= 0.036) and 30-msec (r[20] = 0.46, P = 0.042) conditions,
and with the 10-msec condition at borderline significance
(r[20] = 0.44, P = 0.054), but there were no significant
relationships for neutral. We found no significant associa-
tions for SCR indices with either N4 amplitude or P1 latency.

Time course analyses

MANOVA involving time revealed an isolated significant
effect for N4 amplitude. The significant time by condition
interaction (F[1,19] = 5.17, P = 0.035) was due to greater N4
amplitude across the second half of stimulus blocks for the
170-msec condition.

DISCUSSION

The findings demonstrated that the time course of neural
responses to conscious versus nonconscious perception of
fear (relative to neutral) is differentiated by distinct ERP
components within the first 400 msec of processing. Neuro-
imaging studies to date have focused on responses to emo-
tional expressions that cannot be consciously discriminated
[Morris et al.,, 1998, Whalen et al., 1998]. We established
thresholds for nonconscious detection of stimuli (10 msec
SOA) as well as nonconscious discrimination of emotion (30
msec SOA), which were compared to conscious perception
(170 msec SOA). These SOAs are consistent with evidence

from single-neuron recording for a graded neuronal re-
sponse to backward masking that declines sharply 30 msec
after stimulus presentation [Rolls et al., 1999].

Nonconscious fear perception (both detection and dis-
crimination) elicited greater responses for the negative-go-
ing N2 component, elicited around 200 msec post-stimulus.
Nonconsciously detected fear also evoked a faster P1 re-
sponse within 100 msec of stimulus onset, relative to neutral.
Beyond 200 msec, however, there was a decline in activity.
By contrast, conscious fear perception was distinguished by
a more prominent N4, peaking around 400 msec. The wave-
form for conscious perception was both sustained and com-
plex, consistent with evidence that later ERPs (generated
after 200 msec) reflect endogenous activity, secondary to
initial stimulus processing [Courchesne et al., 1975]. The
dissociation in the findings for nonconscious (N2) and con-
scious (N4) perception was most apparent across fronto-
central sites, consistent with previous observations from
both depth-electrode and non-face emotion studies [Halgren
and Marinkovic, 1995; Kiefer and Spitzer, 2000].

We speculate that the enhanced N4 for conscious fear
perception indexes the preferential engagement of cortical
networks associated with the conceptual knowledge of the
stimulus and integration of emotion in working memory
[Adolphs, 2002]. This proposal is consistent with MEG evi-
dence that sustained prefrontal activity commences around
300 msec post-onset for perception of fear expressions [Streit
et al., 1999], and the role of prefrontal networks in emotion-
ally appropriate decision making and context processing
[Damasio, 1996; Taylor et al., 2003]. In this regard, the N4
may provide a temporal correlate of the slower, cortico-
amygdala pathway for fear processing [Le Doux, 1998].

In contrast, we speculate that the profile of enhanced and
more rapid responses within 200 msec of nonconscious fear
detection reflects modulation from a collateral pathway for
sensory processing. Early ERP components generated
within the first 200 msec of stimulus processing primarily
reflect the initial volley of sensory afferents, particularly in
the thalamo-cortical circuit [Kropotov and Etlinger, 1999].
For nonconscious detection of fear signals, early ERPs may
be enhanced by collateral input from ascending brainstem
tracts (such as the reticular activating system, with colliculus
input), which subserve rapid and crude sensory alerting
functions. The notion of an early alerting system has also
been proposed in key theoretical models of attention [Fer-
nandez-Duque and Posner, 1997]. The links between brain-
stem circuits and the midbrain central gray [Gray, 1987] may
allow for specific enhancement of nonconscious responses to
fear signals.

It is worth emphasising that enhancement of neural activ-
ity within 200 msec of stimulus onset was most apparent for
nonconscious detection of fear, versus neutral (i.e., 10-msec
SOA condition). Despite the N2 differentiation of fear, N2
amplitude was relatively attenuated at fronto-central sites
for nonconscious discrimination (i.e., 30-msec SOA condi-
tion). There was also no evidence for faster P1 responses to
nonconscious discrimination of fear. It is possible that some
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degree of conscious processing was achieved in this condi-
tion, given that stimulus detection was not explicitly pre-
cluded [Snodgrass et al., 1993]. This “smidgen of conscious-
ness” may have caused a degree of subjective uncertainty
about the stimulus, and thereby generally inhibited re-
sponses to the early integration of stimulus features.

Nonetheless, the comparative absence of activity beyond
200 msec for both nonconscious detection and discrimina-
tion of stimuli supports the view that there is effectively no
secondary or top-down processing of these stimuli. The
indication that a transition to conscious processing is
marked by neural responses around 200 msec is consistent
with MEG evidence that detailed processing of facial emo-
tion signals occurs within this temporal window [Adolphs,
2002]. It also accords with the comparator model, in which
the output tagged for conscious processing is determined by
the comparison of incoming and stored information approx-
imately every 200 msec in humans [Gray, 1995].

Further evidence for discrimination of fear versus neutral
across conditions was revealed by the SCR data. Notably,
the rise time of SCRs was consistently faster for fear com-
pared to neutral faces across each condition. SCR rise time
has been related to heart rate acceleration, which occurs with
defensive responding to threat-related or aversive stimuli
[Venables et al., 1980]. This pattern of SCR latency therefore
provides independent evidence to suggest that the fear face
was perceived as potentially more aversive than neutral,
regardless of the level of awareness. Convergent evidence
for this proposal was observed for the N1 component occur-
ring around 100 msec post-stimulus. The N1 showed a cor-
responding pattern of relatively faster responses to fear
across all three conditions, reflected in the significant corre-
lations between N1 latency and SCR rise time.

Although SCR rise time was consistently faster for both
conscious and nonconscious perception of fear (vs. neutral),
differences in SCR amplitude varied according to level of
conscious awareness. SCRs were larger to consciously per-
ceived fear, compared to neutral, consistent with a large
pool of evidence from fear-conditioning studies [Ohman
and Soares, 1998]. There was also a positive correlation
between SCR and N2 amplitude for conscious fear percep-
tion, whereas the inverse was observed for neutral. This
association is consistent with Adolphs’ [2002] model of facial
emotion processing, in which emotional reactions involving
the body are elicited around 200 msec post-stimulus. By
contrast, differences in SCR amplitude between noncon-
sciously perceived fear and neutral did not reach signifi-
cance, and were independent of N2 amplitude. The differ-
entiation of SCR amplitude for conscious and nonconscious
fear perception accords with evidence from peripheral au-
tonomic failure patients that the modulation of central (spe-
cifically amygdala) responses by autonomic arousal occurs
only for conscious processing of fear signals [Critchley et al.,
2002]. Given our findings for SCR rise time, we suggest that
nonconscious fear perception elicits initial arousal changes
within intact autonomic systems (corresponding to the N1
time frame), but that bodily feedback from conscious ap-

praisal of these changes is required to elicit more pro-
nounced differences in peak arousal around the N2 latency
window. Collateral reticular circuits may modulate rapid
autonomic (as well as central) responses to nonconsciously
perceived fear but, in the absence of a potentiating stimulus,
feedback from conscious elaboration of “feeling” may be
required to augment these responses.

Both ERP and SCR results should also be considered in
light of potential limitations of the study. We first consid-
ered whether differential habituation might contribute to
differences across conditions. SCRs were elicited throughout
the experiment, with similar frequency in each condition,
indicating that there was not any obvious response attenu-
ation for peripheral indices. In the examination of rapid,
within-block response attenuation, the only significant effect
was an increase (rather than decrease) in N4 amplitude from
the first to second half of stimulus blocks for the conscious
perception (170-msec SOA) condition. This increase suggests
that detailed conceptual analysis of stimuli may in fact show
ongoing elaboration (rather than attenuation) during the
30-sec block period. Second, although backward masking is
used frequently to explore responses to below-awareness
stimuli [Frith et al., 1999], ERP studies need to consider the
potential effects due to the onsets and offsets of masking
stimuli. Here, the mask onset corresponded to the SOA for
each condition, and offsets were 110 msec (with 10 msec
SOA), 130 msec (with 30 msec SOA), and 270 msec (with 170
msec SOA). Although neural responses to these offsets may
have contributed to the differentiation of nonconscious and
conscious perception within the first 400 msec of processing,
they cannot account for the distinction between fear and
neutral and its interaction with awareness.

Taken together, the results of this study point to differen-
tiation in the time course of conscious and nonconscious
perception of fear within 400 msec post-stimulus. In addi-
tion, nonconscious detection may be dissociated from non-
conscious discrimination of fear during the earliest phase of
processing, within 100 msec of stimulus onset. Follow-up
studies with additional emotional expression stimuli are
warranted to determine whether these differences are spe-
cific to fear, or elicited more generally by emotionally arous-
ing stimuli. These studies might also include additional
electrode sites to explore the distribution, including lateral-
ity, of ERPs to nonconscious and conscious perception of
facial emotion. Future neuroimaging studies may also pro-
vide important data on the role of subcortical-cortical path-
ways in nonconscious detection versus conscious percep-
tion. Skin conductance, including rise time as well as more
typical measures of amplitude, would provide an important
independent index of perception in these studies.
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