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Abstract

Rapid evaluation of ecologically relevant stimuli may lead to their preferential access to

awareness. Continuous flash suppression allows assessment of affective processing under

conditions in which stimuli have been rendered invisible due to the strongly suppressive nature of

dynamic noise relative to static images. We investigated whether fearful expressions emerge from

suppression into awareness more quickly than images of neutral or happy expressions. Fearful

faces were consistently detected faster than neutral or happy faces. Responses to inverted faces

were slower than those to upright faces, but showed the same effect of emotional expression,

suggesting that some key feature or features in the inverted faces remained salient. When using

stimuli solely representing the eyes, a similar bias for detecting fear emerged, implicating the

importance of information from the eyes in the preconscious processing of fear expressions.
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INTRODUCTION

During our daily routines, we often encounter a plethora of objects and events, some of

which can be highly relevant for our safety and, even, our survival. It is, therefore, highly

adaptive to be able to rapidly detect and register signs of potentially dangerous objects or

situations. Given this need, sensory processing systems may be automatically biased to

detect affectively charged stimuli. For instance, in visual search tasks negatively valenced

stimuli are detected faster than neutral or positive stimuli among distractors (Fox et al.,

2000). Behavioral findings further suggest that emotional stimuli can influence performance

on certain tasks even when participants are not consciously aware of the stimuli. Studies

using subliminal priming have shown that reaction time is faster when the prime and target

are congruent in valence (Bargh et al., 1992) and similarly, subliminal priming effects have

been reported with novel, nonrepresentational stimuli presented as targets (Murphy &

Zajonc, 1993; Wong & Root, 2003). Importantly, under conditions of restricted attentional

resources, emotional stimuli are able to reach conscious awareness even when neutral

stimuli cannot (Anderson, 2005; Milders et al., 2006). The mechanism mediating this

preferential access to awareness remains a matter of debate. It has often been discussed in

terms of automatic preattentive processing. However, this view has been criticized because

effects are eliminated when attentional resources are directed elsewhere (see Palermo and

Rhodes, 2007 for review). Questions have also been raised regarding the quality of masking
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in some studies, suggesting the need for alternative methods of presenting stimuli outside of

awareness.

Binocular rivalry can temporarily prevent a visual stimulus from reaching awareness.

Interestingly, studies using binocular rivalry (and other forms of perceptual rivalry) have

shown that the dynamics of this form of bi-stable perception are sensitive to the emotional

overtones of the competing stimuli. Emotional facial expressions and aversely conditioned

stimuli (gratings) predominate awareness relative to neutral stimuli in such studies (Gerdes

et al., 2005; Alpers et al., 2005). Furthermore, unperceived facial expressions evoke

amygdala activity during binocular rivalry (Pasley et al., 2004; Williams et al., 2004).

Recently Tsuchiya and Koch (2005) described a new procedure for erasing an ordinarily

visible stimulus from visual awareness for extended durations; the technique is aptly called

continuous flash suppression (CFS). Like binocular rivalry, this new technique involves

dichoptic stimulation (i.e., dissimilar stimulation of the two eyes), but in the case of CFS, a

stimulus is prevented from reaching awareness by presenting strong dynamic noise to the

opposing eye, allowing for long durations of suppression (Tsuchiya and Koch, 2005).

Because it provides stronger suppression than is typically seen with standard (static)

binocular rivalry designs, CFS may be a more optimal technique for examining preconscious

processing mechanisms. Jiang and He (2006) found that, with CFS, amygdala responsivity

to suppressed fearful faces was comparable to its activity during perceived fearful faces and

also that upright faces reached awareness faster than inverted faces (Jiang et al., 2007).

Intrigued by those observations, we have investigated whether fearful expressions rendered

invisible by CFS emerge from suppression more quickly than do neutral or happy

expressions, an outcome that would imply that emotionally charged stimuli have preferential

access to awareness.

METHODS

Participants

12 observers (3 females) were recruited for Experiment 1, 14 (11 females) for Experiment 2,

and 6 (3 females) for Experiment 3. Participants had normal or corrected-to-normal acuity

and good stereopsis, as assessed by standardized tests administered using a Bausch and

Lomb Orthorator, and provided written informed consent. All were naïve to the purpose of

the study.

Stimuli and procedure

Stimuli consisted of 4 faces (2 females) displaying fear, happy and neutral expressions from

the standard Ekman set of facial expressions (Ekman & Friesen, 1976). Images were

cropped to remove features outside of the face for Experiments 1 and 2. Everything but the

eyes were cropped for Experiment 3. In order to have strong initial suppression of the

face/eye images, these images were normalized to 25 percent contrast (root mean square).

Face/eye images were presented either upright or inverted. The CFS display consisted of

grayscale Mondrian patterns normalized to 60 percent contrast (root mean square); the width

and length of an individual rectangle in the Mondrian ranged from .12° – .32°.
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Stimuli were presented on the left- and right-halves of a video monitor (800×600 resolution;

120 Hz frame rate) and viewed against a gray uniform background (Figure 1). The stimuli

were surrounded by “fusion” contours (4.2° × 4.2°) that served to promote stable binocular

eye alignment, which was established for each individual by having that person carefully

adjust the mirrors of the stereoscope while viewing dichoptic nonius stimuli that combine to

produce a square frame only when the eyes are appropriately aligned. In the initial 1000ms,

one eye was presented with a full contrast dynamic CFS display (3.7° × 3.7°; 10Hz) and the

other eye viewed a face/eye image (1.9° × 1.9° / .5° × 1.8°) whose contrast ramped up at a

rate of 2% every 20ms, thereby avoiding abrupt transients. Once the face/eye image reached

full contrast (approximately 1 sec), the contrast of the CFS target linearly decreased in

contrast at a rate of 2%/100ms for the next 5100ms. The eyes viewing the dynamic

Mondrian and face/eye stimuli were randomized across trials.

In Experiment 1 (face detection), a face was presented in a random location within the

square region corresponding to the rival target on the opposing half of the monitor and

observers pressed a key as soon as any part of the face stimulus emerged into dominance.

On 30% of trials, no face was presented, and on these trials, observers should withhold

responses; these catch-trials were terminated once the contrast of the CFS display reached 0.

Experiment 2 employed an objective measure of perceptual awareness- a four alternative

choice (4AFC) localization task. The face was presented within one of four quadrants and

observers were instructed to press one of four buttons as quickly as possible once the

quadrant containing a face, or any part of a face, was identified. Experiment 3 (eye

detection) followed the procedure used in Experiment 1, except that the face stimuli were

modified so that only the eyes were presented. In all experiments, trials terminated once

responses were made, and reaction time (RT) and accuracy were recorded.

There were 60 trials for each condition (upright and inverted neutral, happy, fearful

expressions) with 15 repeats of each stimulus. Observers performed at least 8 practice trials

with neutral expressions not used in the experiments and took, on average, 30 minutes to

complete an experiment.

RESULTS

In Experiment 1, observers indicated the moment at which a face, or any part of the face,

broke suppression to become visible. On those 30% of trials in which no face was presented,

errors were rare: false alarm rate averaged 2.35% (SD=2.6%). All observers were careful, in

other words, to respond on the basis of the emergence of a face into dominance.

Turning to the latency data, our results, like those of Jiang et al (2007), show that RTs for

upright faces were significantly faster than RTs for inverted faces, and in our experiment

this was true for each category of emotional expression evaluated separately (neutral:

t(11)=6.41, p<.001); happy: t(11)=4.94, p<.001; fear: t(11)=4.88, p<.001). This is not

surprising, for it is well established that faces are more salient when imaged in the upright

orientation (“face inversion effect”). As for the effect of emotional expression, a within

subjects analysis of variance (ANOVA) revealed a main effect of expression (F(1.6, 17.64)=

13.67, MSE=.39, p<.001), as illustrated by Figure 2a. Subsequent pairwise comparisons
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showed that RTs for detecting upright fearful faces (M=2.98s, SD=1.01) were significantly

shorter than those for detecting upright faces displaying neutral (M=3.25s, SD=1.01;

t(11)=4.01, p=.002) or happy expressions (M=3.59s, SD=.9; t(11)=3.1, p=.01). We found

the same pattern for inverted faces, with inverted fearful faces detected faster than inverted

neutral (M=3.69s, SD=1.01; t(11)=3.41, p=.006) and inverted happy faces (M=4.06s, SD=.

94; t(11)=3.47, p=.005), suggesting that some key feature or features in the inverted faces

remained salient. We return to this point shortly. Finally, there was a trend for RTs to happy

faces to be slower than those for neutral faces (t(11)= 2.13, p=.06).

We next tested whether differences in detecting emotional expressions could also be found

using a forced-choice technique that provides a more objective measure of the threshold of

perceptual awareness (Jakel and Wichmann, 2006). In this second experiment, 2 out of 14

observers made errors greater than 10% of the time in correctly identifying the quadrant in

which a face was presented, and their data were removed from the analysis. The mean error

rate for the remaining 12 observers was 1.88% (SD=1.28%), which did not differ across

facial expressions. As in Experiment 1, we again see an inversion effect, with RTs to upright

faces being faster than RTs to inverted faces (neutral: t(11)=6.51, p<.001; happy:

t(11)=5.92, p<.001; fearful: t(11)=3.9, p=.002). Repeated measures ANOVA revealed a

significant effect of facial expression (F(2.1, 23.09)= 32.55, MSE=.11, p<.001; Figure 2b).

RTs for detecting upright fearful faces (M= 2.06s, SD=.71) were shorter than those for

detecting upright neutral (M=2.33s, SD=.77; t(11)= 4.59, p=.001) and upright happy faces

(M=2.64s, SD=.81; t(11)=5.22; p<.001). A similar pattern was again found with inverted

faces: inverted fearful expressions (M=2.36s, SD=.84) were detected faster than inverted

neutral (M=2.68s, SD=.8; t(11)=3.62, p=.004) and inverted happy expressions (M=3.08s,

SD=.92; t(11)=6.04, p<.001). Finally, observers detected happy expressions slower than

neutral expressions (t(11)= 5.11, p<.001).

The consistently briefer suppression durations for the fearful faces were not peculiar to one

or two exemplars. Across the two experiments, all four fearful faces yielded shorter RTs

than their neutral counterparts for 7 out of 8 possible instances (mean differences in

Experiment 1= .93s, .27s, .19s, −.3s; Experiment 2= .39s, .32s, .16s, .22s). The effect size

(Partial Eta Squared) for the interaction between expression and face identity was .22 in

Experiment 1 (F(4.56, 50.12)=3.12, MSE=.62, p=.02, observed power=.81) and .24 in

Experiment 2 (F(4.67, 51.39)=3.53, MSE=.23, p=.01, observed power= .87).

The results from Experiments 1 and 2 indicate that fearful faces gain preferential access to

awareness even under conditions of strong suppression from dynamic images. Recall that all

faces were equated for overall contrast. We also evaluated the visual similarity of the

exemplars from the three categories of face images – neutral, happy and fearful – in terms of

their spatial frequency and orientation content. To accomplish this, we coded the features

comprising each grayscale face image using 36 oriented Gaussian-derivative filters (9

orientations × 4 spatial scales) whose outputs were compared using the BOLAR model

developed and validated by Zelinsky (2003). This model generates a similarity index for

pairs of images that ranges from 0 (maximum dissimilarity in feature content) to 1.0

(identical in feature content). The similarity indices for the three pairwise comparisons were

the following: neutral/fearful = .81 (SD=0.04); neutral/happy = .78 (SD=0.04); fearful/happy
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= .79 (SD=0.03). This analysis reveals that all of the images were highly similar in terms of

the spatial frequency and orientation content. What, then, empowers the fearful faces to

overcome suppression more readily?

Some observers subjectively reported seeing the eyes before any other facial feature, for

both upright and inverted faces. Moreover, the BOLAR analysis consistently showed that

the eyes in the fearful faces were the most conspicuous feature relative to their neutral

counterparts (see Figure 3). Intrigued by these observations, we investigated whether the

robust detection of fearful expressions is partly accounted for by the information portrayed

in the eyes. Using the same task and display as Experiment 1, but with stimuli consisting of

only eyes, Experiment 3 revealed emotion effects consistent with those of the previous two

experiments (F(1.72, 8.59)= 29.17, MSE=.46, p<.001). Detecting eyes that convey fear (M=

2.74, SD=.78) was reliably faster than detecting eyes extracted from neutral expressions

(M= 3.45s, SD= 1.02; t(5)=3.95, p=.01) or happy expressions (M=4.65s, SD=.79; t(5)=6.7,

p=.001). In addition, mean RT in the happy condition was significantly slower in

comparison to that of the neutral condition (t(5)= 5.56, p=.003).

DISCUSSION

Using continuous flash suppression, we found that fearful expressions are detected more

quickly than neutral or happy expressions. Furthermore, we found that these results are

consistent across tasks of simple detection (Experiment 1) and detection with confirmed

location identification (Experiment 2). Our results add to the growing evidence that

negatively charged facial expressions gain preferential access to awareness.

The amygdala has been implicated in the rapid and reliable detection of behaviorally

relevant stimuli based on human and animal studies (Zald, 2003; Phelps and Ledoux, 2005).

Amygdala lesion patients exhibit deficits in fear recognition (Adolphs et al., 2005). Other

lesion studies have reported amygdala responsivity towards fearful or fear conditioned faces

when presented in subjects’ blind field (Morris et al., 2001) and during visual extinction

(Vuilleumier et al., 2002). Neuroimaging studies have found similar results in amygdala

activity using psychophysical techniques that manipulate subjects’ awareness, including

visual masking (Whalen, 1998; Whalen et al., 2004; Williams et al., 2006, but see Pessoa et

al., 2006; Phillips et al., 2004), and binocular rivalry (Pasley et al., 2004; Williams et al.,

2004).

Although a retino-collicular-pulvinar-amygdala pathway is hypothesized to be the neural

substrate for the automatic processing of affective cues (Morris et al., 2001), the existence of

this subcortical route has yet to be confirmed. Still, evidence from non-human primate single

unit studies have found amygdala response latencies to complex objects as fast as 60ms,

almost twice as short as responses from the inferior temporal cortex, which has known feed-

forward connections to the amygdala (Nakamura et al., 1992). Intraoperative

electrophysiological studies in humans support the idea that responses to supraliminal

emotional faces in the amygdala are faster than responses in cortical areas (Krolak-Salmon

et al. 2004), although at speeds that do not necessarily implicate a subcortical route. We

know of only one intraoperative recording study that has utilized a flash suppression
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technique (Kreimen et al., 2002). In that study, 300–500 ms flash suppression eliminated

amygdalar responses to famous faces. Whether single cell responses can be observed to

emotional faces, or under more prolonged CFS remains to be seen.

Our analysis of the spatial and orientation content of images revealed that the rapid detection

of fear could not be attributed to global differences in spatial frequency or orientation.

Rather, the main differences between images arose in a focal area of the image around the

eyes. Consistent with the importance of this local feature, rapid detection of fear was also

found with stimuli that consisted of eyes extracted from different expressions. This

converges with Whalen and colleagues (2004) who found that the amygdala is responsive to

masked images of eye whites of fearful expressions when compared with those of happy

expressions. Accordingly, amygdala lesion patients are unable to naturally use information

from the eyes in recognizing emotions (Adolphs et al., 2005).

Additionally, we found that neutral expressions (upright and inverted) were faster to detect

in comparison to happy expressions. Whalen (1998) proposed that amygdala activity might

be inversely related to the quality of information regarding the nature of threat conveyed by

stimuli. Because neutral expressions are more ambiguous in the nature of probable threat

relative to happy expressions, they may take precedence over the less ambiguous safety

signals conveyed by happiness.

In the present study, we validated the utility of a novel behavioral method for research in

affective science. Specifically, CFS allows for the investigation of emotional processing that

is independent of awareness and attention by reliably suppressing the perception of stimuli

presented. To date the most common way of presenting subliminal stimuli has been to use

extremely brief presentations, which often have to be presented for as little as 15 ms and

followed by subsequent masking stimuli in order to avoid awareness. In contrast, the CFS

procedure consistently rendered faces invisible for greater than 100 fold longer periods of

time. This extended suppression could potentially allow for longer periods of subliminal

processing, which might in turn produce more robust behavioral effects in subliminal

conditioning and priming experiments.

Our results imply that the salience of fearful expressions is not attributable to low-level

features such as spatial frequency and orientation. Our image analyses, however, revealed

that fearful faces are perceptually different (e.g. larger eye whites) in comparison to other

expressions, and these cues may aid in detection during CFS. Further experiments are

necessary to evaluate the salience of this facial attribute as well as to replicate our results

with a wider range of emotionally-laden stimuli.
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Figure 1.
Example of a trial presentation. One eye initially viewed a high contrast CFS display

(dynamic Mondrian) and on most but not all trials, the other eye viewed a face image

ramped up in contrast to a fixed value by the end of the first 1000ms. The contrast of the

CFS target then gradually decreased until the observers indicated by button press the

detection of the face (Experiment 1) or the location of a face (Experiment 2); if no face was

seen, observers withheld their response. Figure in upper right corner depicts contrast of CFS

(solid line) and face (dotted line) over the duration (t) of a trial.
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Figure 2.
Results of Experiment 1 and 2. Mean reaction times (s) for conditions where the facial

expressions presented were neutral, fearful, or happy in an upright or inverted orientation.

Reaction times in Experiment 1 represent the time it took to detect a face in the display and

reaction times in Experiment 2 represent the time it took to locate the quadrant in which a

face was presented. Error bars represent standard error of the mean.
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Figure 3.
Difference map (top) between a pair of face images portraying neutral and angry expressions

(bottom). The intensity values in the difference map are proportional to the dissimilarity

between the two faces, computed from the BOLAR-derived representations (see text). The

overall dissimilarity between these two faces is no greater than that for any other pairs of

facial expressions, but this difference map highlights that the two differ primarily within the

region of the eyes and, to a lesser extent, the mouth.
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