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Abstract

Background: In everyday life, signals of danger, such as aversive facial expressions, usually appear in the peripheral visual
field. Although facial expression processing in central vision has been extensively studied, this processing in peripheral
vision has been poorly studied.

Methodology/Principal Findings: Using behavioral measures, we explored the human ability to detect fear and disgust vs.
neutral expressions and compared it to the ability to discriminate between genders at eccentricities up to 40°. Responses
were faster for the detection of emotion compared to gender. Emotion was detected from fearful faces up to 40° of
eccentricity.

Conclusions: Our results demonstrate the human ability to detect facial expressions presented in the far periphery up to 40°
of eccentricity. The increasing advantage of emotion compared to gender processing with increasing eccentricity might
reflect a major implication of the magnocellular visual pathway in facial expression processing. This advantage may suggest
that emotion detection, relative to gender identification, is less impacted by visual acuity and within-face crowding in the
periphery. These results are consistent with specific and automatic processing of danger-related information, which may
drive attention to those messages and allow for a fast behavioral reaction.
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Introduction

The human visual system is constantly solicited by stimuli
appearing randomly in all parts of the visual field. However, we do
not behaviorally react to all stimuli. During the first steps of visual
processing, salient stimuli are quickly detected, and a behavioral
response is sometimes triggered. Facial expressions, especially fear,
are considered salient stimuli [1]. The perception of emotional
expressions is crucial for social communication and behavior [2,3].
Identifying emotional expressions allows us to gather valuable
information about others’ moods and intentions and provides
important clues as to the presence of environmental dangers. This
is particularly true of fearful faces, which may convey information
about imminent danger. For a social species, faces of congeners
are naturally ubiquitous in the environment, often seen not just in
the direct line of sight, but frequently appearing in the periphery of
the visual field. It follows that there is an adaptive advantage to
efficiently detect fear not only in the center but also in the
peripheral visual field, allowing for a fast behavioral response to a
nearby threat. Although a large body of research has been devoted
to studying the perception of fear in the central visual field and
some behavioral studies have investigated the perception of gender
or identity in peripheral vision, relatively little work has
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concentrated on studying the perception of fear appearing in the
peripheral visual field.

Previous behavioral studies have demonstrated declining
performance in the peripheral visual field. The observed decline
in identification performance with increasing eccentricity is
different for an upright face, an inverted face or parts of faces,
suggesting a predominance of configural processing during face
identification [4]. More than part-based identification, config-
ural processing is disturbed in peripheral vision by crowding
between different parts of a face [5,6]. This drop in peripheral
vision performance can be compensated for by size and contrast
scaling [7]. However, in real life, faces that appear in the
peripheral visual field are not magnified. To our knowledge,
only two studies have considered the effect of eccentricity on
facial expression detection, but they either compared only two
eccentricities in the close periphery [8] or used scaling factors to
compensate for the loss of visual acuity [9]. Furthermore, in
these two studies, performance in emotion identification was not
assessed for the far periphery and was not compared with
gender identification. Thus, the question of how and to what
extent the visual system is, in ecological situations, able to detect
the presence of emotional facial expressions in the periphery
remains open.
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Processing of facial expressions implicates specific pathways and
dynamics distinct from those mobilized for processing other facial
features, such as identity and gender [10,11]. Structural face
encoding mainly involves regions in the occipital and temporal
lobes, including the fusiform face area [12] and the superior
temporal gyrus [11]. This ventro-occipito-temporal visual pathway
allows a fine-grained analysis of stimuli presented in the foveal
region, which is more sensitive to high spatial frequencies than the
peripheral retina. However, emotional expression can be detected
from low spatial frequencies [13]. Moreover, low spatial
frequencies seem to be involved in orienting attention toward
fearful faces [13], suggesting a pre-attentional treatment of facial
expressions [14] and allowing spatial attention to modulate the
subsequent stages of facial expression processing [15].

Such pre-attentional processing could recruit a rapid visual
pathway, mostly fed by magnocellular cells [16,17] sensitive to low
spatial frequencies and implicated in processing facial expressions
[18,19]. Projections to the amygdala through a subcortical extra-
geniculate route involving the superior colliculus and the pulvinar
have thus been postulated [20]. Indeed, the amygdala is centrally
implicated in processing fear-related stimuli [21], and it has been
suggested that such amygdalar processing might be pre-attentional
[18]. However, it remains an open question whether such a fast
processing pathway might be implicated in peripheral danger
detection. As the peripheral visual field is very sensitive to low
spatial frequencies, a peripheral stimulation would be particularly
efficient to stimulate the rapid magnocellular visual pathway.
Because danger often first appears in the peripheral visual field, it
is conceivable that danger-signaling stimuli could be processed
through a fast and automatic route. As facial expressions can
convey danger-related signals, this would suggest a more efficient
peripheral detection of facial expressions compared to other facial
features.

The present study used a behavioral forced-choice paradigm
aiming to explore the human ability to detect facial expressions in
the extra-foveal visual field as a function of eccentricity. We chose
to study two emotional facial expressions, fear and disgust, that
both signal potential danger. As fear is more indicative of
imminent danger than disgust, requiring a rapid behavioral
response, we hypothesized that this expression would be better
identified at far eccentricities than disgust. As a control, we used a
gender discrimination task to test for the possibility of more
efficient emotion detection in peripheral vision. Thus, we
hypothesized that there would be better detection of emotion,
especially fear, compared to gender in the peripheral visual field.

Results

Reaction times

The reaction times for correct responses for the 3 conditions
and the 8 different eccentricities are shown in Figure 1. Mean
reaction times were calculated for each subject and each condition,
and a repeated-measure 2-factor ANOVA (eccentricity and
condition) was conducted. There was a main effect of condition
(F(2, 38) =9.04, p<<.001, np2:.32), of eccentricity, (F7, 133)
=24.91, p<<.001, ‘r]p2:.57) and an interaction of condition by
eccentricity (M14, 166) =5.23, p<<.001, an =.22). The eccentric-
ity effect corresponded to an increase in response time as a
function of eccentricity. This effect, represented in Figure 1, was
significant for fear (7, 133) =7.03, p<<.001, np2:.27), disgust
(M7, 133) =5.59, p<.001, n,*=.23), and gender discrimination
(M7, 133) =21.76, p<.001, m,”=.53). Post-hoc Bonferroni
corrected t-tests on the condition variable revealed no difference
across eccentricities in the reaction times between the fear
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M =799, SD =185) and disgust (M =818, SD = 244) conditions,
but the reaction time for gender discrimination (M =933,
SD =334) was longer than that of fear (p<<.001) and disgust
(p<<.001). Post-hoc analysis of each eccentricity showed that the
difference in response time between the disgust and gender
conditions was significant at 35° and 40° of eccentricity, whereas
the difference between the fear and gender conditions was
significant from 30° to 40° of eccentricity.

Accuracy

The percentages of correct responses were calculated for each
subject in the 3 different conditions (gender discrimination, fear
detection, and disgust detection) and for the 8 different spatial
positions of target presentation (Figure 2).

We conducted a 3 (conditions) by 8 (eccentricities) analysis of
variance (ANOVA) for repeated measures. This analysis revealed
a main effect of condition (H2, 38) =28.68, p<<.001, np2=460)
and eccentricity (7, 133) =49.96, p<<.001, ‘r]p2=.72), but no
interaction between the 2 factors (p=0.24). The effect of
eccentricity on performance was significant in the 3 conditions,
with the more peripheral stimuli being less accurately discrimi-
nated. Accuracy performances were higher for emotion detection
than for gender discrimination. Indeed, post-hoc Bonferroni t-tests
conducted on the condition variables showed that accuracy for
gender discrimination (M =65.2, SD = 14.0) was lower than for
fear (M =73.0, SD = 14.4; p<<.001) or disgust detection (M =72.5,
SD =16.2; p<<.001).

We tested at the highest eccentricities, where accuracy was the
lowest, and when accuracy was above chance level (i.e., 50% in
these tasks with 2 possible choices). A t-test revealed that, at 40° of
eccentricity, the accuracy was not significantly different from the
chance level for gender discrimination ({19) =1.33, p=.2) or
disgust detection (#(19) =1.93, p=.07), but remained above
chance for fear detection (t(19) =5.59, p<<.001).

Discussion

The present study offers support for a visual system ability to
detect emotional facial expressions at increasingly peripheral visual
field eccentricities of up to 40°. Compared to gender, emotion was
better detected in the peripheral visual field, and interestingly, the
performance differential increased with increasing eccentricity.
Moreover, the emotion detection advantage was higher for fearful
faces than for disgusted faces, with detection accuracy remaining
above chance level at 40° of eccentricity.

By presenting facial expressions in different spatial positions, the
present study highlights an impressive ability of the visual system
to detect emotions at very high eccentricities. Despite the short
presentation time used, disgusted faces were recognized as
emotional faces above chance level as far as 35°, and fear
remained detectable at 40° of eccentricity. Facial expression is a
particularly salient component, especially the expression of fear,
which is usually indicative of threat-related stimuli. The ability to
quickly detect potential threats in the environment and react
appropriately is essential for survival. It would thus make sense
that such a skill has been selected phylogenetically. This skill
largely depends on visual function, yet in humans, visual resolution
strongly decreases as a function of retinal eccentricity and is
drastically reduced at 40° of eccentricity [22]. In spite of this,
emotional facial expression detection remains effective in the far
peripheral visual field, supporting our hypothesis that visual
structures afferented by the peripheral retina, hitherto known for
their motion detection properties, may also be able to process
emotionally relevant and salient clues critical for social cognition.
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Figure 1. Reaction times as a function of eccentricity in the three discrimination tasks: * marks a significant difference between gender
and fear discrimination reaction times, § a significant difference between gender and disgust discrimination reaction times. Vertical bars represent

standard errors of the mean values.
doi:10.1371/journal.pone.0021584.g001

The peripheral retina, contrary to the fovea, is mostly linked to
the magnocellular visual system. Thus, facial expression processing
in the peripheral visual field may implicate neural structures fed
largely by magnocellular cells. This hypothesis has been proposed
in previous studies suggesting an important role of low spatial
frequency information in facial expression perception [13].
Because low spatial frequencies are mostly conveyed by the
magnocellular system, this system could be preferentially involved
in facial expression processing. Furthermore, the magnocellular
pathway is adapted to detect stimuli salience, especially high-
contrast information [23]. As salient high-contrast information

coming from the eye region is different between neutral and
emotionally expressive faces, this could explain the detection
advantage observed for facial expressions [24]. Our study
demonstrated effective processing of peripheral emotional infor-
mation. This result provides behavioral support for the major
involvement of the magnocellular pathway in facial expression
processing in peripheral vision. This finding is in accordance with
a previous neuroimaging study [13] but is in contrast with a
behavioral study in which facial expression recognition was found
to be more impaired by filtering low rather than high spatial
frequencies [9]. This discrepancy may be explained by a difference
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Figure 2. Percentage of correct responses in the three discrimination tasks as a function of eccentricity. Vertical bars represent standard

errors of the mean values.
doi:10.1371/journal.pone.0021584.g002
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in tasks. Explicit emotion recognition in the Goren and Wilson
study could require fine analysis by the parvocellular system, while
implicit recognition in the Vuilleumier et al. study or detection in
the present study do not require such analysis and mainly involve
magnocellular processing.

Our results provide clear evidence of a difference between
gender and emotion processing in the peripheral visual field. The
accuracy of detection performance was higher for emotion both in
the central visual field and in peripheral vision, and reaction times
were shorter for emotion detection in eccentricities greater than
30°. The absence of salient gender-specific features such as hair or
beards in the stimuli might account for the lower accuracy
performance in gender discrimination in foveal vision. However,
the difference between response times in gender vs. emotion
detection increases with eccentricity. Response times were not
different between emotion detection and gender discrimination for
central and low eccentricity presentations, and in the three tasks,
the higher the eccentricity was, the slower the responses. However,
the rate of slowing down from the center to 40° of eccentricity was
almost 500 ms in the gender condition, whereas it was less than
150 ms in the emotion detection conditions. From 30° to 40° of
eccentricity, subjects were significantly quicker in detecting
emotion than discriminating gender. This demonstrates a
qualitative difference in processing between gender and emotion,
with emotional detection being less affected by increases in
eccentricity.

Such a difference has already been demonstrated for central
vision in a behavioral study [10] and is supported by neuroimaging
studies [11]. In particular, it has been shown that, in contrast to
facial expression perception, gender discrimination is mainly
performed by the extraction of configural information from the
face [25], requiring a fine analysis of facial features. This could
explain how emotion detection performance is less affected by
increases in eccentricity than gender discrimination performance.
Indeed, the fine analysis required for gender processing is mainly
performed by the parvocellular visual system, while, as suggested
above, emotional facial information might implicate neuronal
visual pathways sensitive to magnocellular information. As the
magnocellular system is essentially afferented by the peripheral
retina [26], the loss of visual acuity with increasing eccentricity is
partially compensated for by the use of magnocellular information
(i.e., low spatial frequencies and high contrast) for facial expression
perception.

The drastic loss of efficiency for gender compared to emotion
perception in the far periphery might also reflect a crowding effect,
affecting gender perception in particular. Crowding reflects the
fact that a target is less recognizable when presented with
neighboring objects. This interference between objects has been
described at length and particularly for letters. Crowding between
the different parts of a face has been reported to affect its
identification in peripheral vision by perturbing feature-based
analysis [6]. Given that gender discrimination requires more
feature-based analysis than emotional detection, this type of
discrimination would be more impacted by crowding in the
peripheral vision.

At the highest eccentricity, emotion was detected above chance
level (64%) for fearful faces, while for disgusted faces, emotion
detection was not significantly different from chance level (55%).
Furthermore, shorter reaction times for emotion compared to
gender discrimination were observed from 30° of eccentricity for
fear, but only from 35° for disgust. This result might seem to
contradict behavioral studies of centrally presented emotional
faces that indicate that fearful expressions are detected more slowly
and less accurately than other expressions, including disgust [27],
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and that, in go/no-go paradigms, response times to fearful faces
are slower than those to neutral or happy faces [28]. It must be
noted that in our experiment, we assessed the detection of
emotional expressions, whereas the pre-cited studies assessed the
identification of emotional expressions. Moreover, our results
indicate that the advantage for emotion detection compared to
gender discrimination is increased by peripheral presentation and
that this advantage for emotion has a tendency to be larger for fear
than for disgust. This could be explained by a preference of the
magnocellular visual pathway for fearful expressions and would be
coherent with the functional role of this pathway. As suggested by
many authors, this pathway may be used for the rapid detection of
salient threat-related stimuli [19,29,30]. Fearful faces, being more
threat-related than disgusted faces, would more efficiently trigger a
rapid brain reaction, particularly in the peripheral visual field.
Consistent with this hypothesis, the rapid magnocellular visual
pathways would be more involved in the detection of fear than
other facial expressions [31]. However, despite an observed
tendency, no significant differences were observed between disgust
and fear in the present study. Further investigation will be
necessary to demonstrate an advantage for fearful detection
compared to the detection of other emotions in the peripheral
visual field.

Conclusion

The present study reveals that the visual system is able to detect
the presence of facial expressions presented at very high
eccentricities. Compared to gender perception, the emotion
detection ability is less affected by the decrease in visual acuity
and within-face crowding that comes with increasing eccentricity.
At very high eccentricities, emotional expression detection is more
efficient for fear than disgust, as fear is more threat-related than
disgust. The effective detection of facial expression in the
periphery could confer an adaptive advantage, as such danger-
related stimuli require a fast and adapted behavioral response. As
magnocellular processing is less affected by eccentricity and as the
perception of fearful expressions requires low spatial frequency
processing, fear detection is favored in peripheral vision. Our data
lend support to the hypothesis that the magnocellular system is
involved in the detection of facial expressions. However, further
investigations will be necessary to determine which facial features
in particular can be detected by such a system. As suggested by
neuroimaging studies, facial expression perception could involve a
rapid neural route to the amygdala, bypassing the occipital cortex
[19,30]. The present results are consistent with the involvement of
such a rapid pathway that is sensitive to the magnocellular system
[17] in danger-related stimuli processing. By demonstrating that
peripheral vision is surprisingly competent in the processing of
some facial features, we propose that much might be learned from
further studies in the field combining behavioral measures with
electrophysiological and neuroimaging studies.

Methods

Ethics statement
Each subject provided informed written consent. The study was
conducted in accordance with the Declaration of Helsinki and was

approved by the French ethics committee, Comité de protection
des personnes SUD-EST IV, centre Leon Bérard.

Participants

Twenty volunteers (10 men, 10 women) between the ages of 18
and 31 years (mean 23.55; sd 3.47), participated in the experiment.
None had psychiatric or neurological disorders, and none were
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Figure 3. Description of a trial: A fixation stimulus (a house picture) centrally presented for 600 ms, is followed by the target
stimulus presented for 140 ms. The fixation stimulus is then presented until the subject’s response.

doi:10.1371/journal.pone.0021584.g003

under pharmaceutical treatment at the time of testing. All
volunteers were paid for their participation. Informed written
consent was obtained.

Stimuli and experimental setup

Sixty black and white photographs of faces of 20 individuals (10
males), each presenting 3 emotions (20 neutral, 20 fearful and 20
disgusted), and 10 black and white photographs of houses were
used to construct the stimuli. Thirty-six faces were selected from
the Nimstim set (http://www.macbrain.org/resources.htm), 15
were selected from the Ekman set [32], and 9 photographs were
taken by ourselves and tested for emotion and gender in the 20
subjects. All photographs were brightness-adjusted, and all the
presented faces had the same global (RMS) contrast [33]. Faces
and houses were presented in ovals measuring 140 x100 mm and
subtending in the central position at a visual angle of 7.5°
horizontally and 10.5° vertically when presented onto the screen.
Each stimulus consisted of three horizontally aligned ovals, one
presented centrally and two presented laterally and symmetrically
at one of seven eccentricities: 10°, 15°, 20°, 25°, 30°, 35° or 40°.
Eccentricities were measured from the center of the central oval to
the center of the peripheral oval. One of the three ovals was a face,
and the others were houses used as fillers (Figure 3). Each trial
consisted of the presentation of the fixation picture (a picture of a
house) at the center of the screen for 600 ms, followed by the
presentation of the stimulus for 140 ms, immediately followed by
the presentation of the fixation picture on the screen for up to
600 ms after the subject’s response (Figure 3) The stimulus
presentation time was kept below 150 ms to avoid any ocular
saccade toward the target. To minimize memorization effects of
stimuli presented centrally and so clearly identified, each face was
first presented at the furthest degree of eccentricity (40°) and then
gradually moved toward the center during the run through all
successive eccentricities. This peculiar order of target presentation
would induce a bias, with a lot of faces at high eccentricities at the
beginning of the run and, conversely, a large number of faces at
low eccentricities at the end. To avoid this bias, we used “filler”
faces (same proportion of male/female and neutral/emotional
faces as for the target stimuli) to provide an impression of
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randomization in stimuli position. These fillers were presented at
semi-randomly chosen eccentricities during the run to ensure a
pseudo-randomization of the eccentricity and position of the whole
set of faces. The responses to these fillers faces were not entered in
the analyses.

Stimuli were presented using Presentation” ™ software on a large
screen from a 2000 ANSI Somy™" VPL-CX6 projector placed
behind the subject. Responses and response times were recorded
by a 2-button response.

Experimental conditions and procedures

Participants were seated in a soundproofed room, facing the
screen, with their chins resting on a chin rest and their eyes being
horizontally aligned with the stimuli at a distance of 77 cm from
the screen.

Participants were presented with 3 successive forced-choice tasks:

One gender discrimination task

Instructions were to discriminate gender by a button press as
accurately and fast as possible and to answer even in the absence
of certainty. For each presented stimulus, subjects were asked to
answer female or male by pressing the corresponding button
responses. A total of 160 target stimuli (female/male =1) and 70
fillers were presented, corresponding to 20 target stimuli for each
of the eight eccentricities of stimulation (including the center). Half
of the target stimuli were neutral faces, and half were emotional
faces. Half of these emotional faces expressed fear and half disgust.

Two emotion detection tasks

Subjects were asked to detect, by a button press, the presence of
an emotional expression as accurately and as quickly as possible
even in the absence of certainty. They had to answer whether
there was or was not an emotion in the presented face by pressing
the corresponding button. As for the gender discrimination task,
160 target stimuli (20 per eccentricity) and 70 fillers were
presented. For each eccentricity, half of the 20 presented targets
were neutral, and half were expressive. During the run, all of the
emotional faces expressed the same emotion, i.e., fear or disgust.
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This task was run twice for each subject, once with fearful faces
and once with disgusted faces. To ensure that there was no bias
due to the run order, half of the participants started the emotion
discrimination task with fear/neutral discrimination, while the
other half started with disgust/neutral discrimination.

For all runs, participants were encouraged to keep their gaze on
the fixation stimulus that remained projected on the center of the
screen in between stimulus presentations and throughout each
experimental block so as not to miss any of the stimuli appearing in

References

1. Balaban MT, Taussig HN (1994) Salience of fear/threat in the affective
modulation of the human startle blink. Biol Psychol 38: 117-131.

2. Ekman P (1971) Darwin and Facial Expression: A Century of Research in
Review. New York: Academic Press.

3. Fridlund AJ (1994) Human facial Expression: An Evolutionary View. San Diego,
California: Academic Press.

4. McKone E (2004) Isolating the special component of face recognition: peripheral

identification and a Mooney face. ] Exp Psychol Learn Mem Cogn 30: 181-197.
. Louie EG, Bressler DW, Whitney D (2007) Holistic crowding: selective
interference between configural representations of faces in crowded scenes.
7(24): 21-11.
6. Martelli M, Majaj NJ, Pelli DG (2005) Are faces processed like words? A
diagnostic test for recognition by parts. J Vis 5: 58-70.
7. Makela P, Nasanen R, Rovamo J, Melmoth D (2001) Identification of facial
images in peripheral vision. Vision Res 41: 599-610.
8. Calvo MG, Nummenmaa L, Avero P (2008) Visual search of emotional faces.
Eye-movement assessment of component processes. Exp Psychol 55: 359-370.
9. Goren D, Wilson HR (2006) Quantifying facial expression recognition across
viewing conditions. Vision Res 46: 1253-1262.

10. Bruce V, Young A (1986) Understanding face recognition. Br J Psychol 77 ( Pt
3): 305-327.

11. Haxby JV, Hoffman EA, Gobbini MI (2000) The distributed human neural
system for face perception. Trends Cogn Sci 4: 223-233.

12. Kanwisher N, McDemott J, Chun MM (1997) The Fusiform Face Area: A
Module in Human Extrastriate Cortex Specialized for Face Perception. The
Journal of Neuroscience 17: 4302-4311.

13. Vuilleumier P, Armony JL, Driver J, Dolan R]J (2003) Distinct spatial frequency
sensitivities for processing faces and emotional expressions. Nat Neurosci 6:
624-631.

14. Bayle DJ, Taylor MJ (2010) Attention inhibition of early cortical activation to
fearful faces. Brain Res 1313: 113-123.

15. Holmes A, Vuilleumier P, Eimer M (2003) The processing of emotional facial
expression is gated by spatial attention: evidence from event-related brain
potentials. Brain Res Cogn Brain Res 16: 174-184.

16. Bayle DJ, Henaft MA, Krolak-Salmon P (2009) Unconsciously perceived fear in
peripheral vision alerts the limbic system: a MEG study. PLoS One 4: €8207.

17. Schiller PH, Malpeli JG, Schein SJ (1979) Composition of geniculostriate input
ot superior colliculus of the rhesus monkey. J Neurophysiol 42: 1124-1133.

o

@ PLoS ONE | www.plosone.org

Fear in the Periphery

the periphery. Assignment of the mouse response buttons was
switched for a randomly chosen half of the participants.

Author Contributions

Conceived and designed the experiments: DJB BS M-AH PK-S.
Performed the experiments: DJB BS. Analyzed the data: DJB BS M-AH.
Wrote the paper: DJB BS M-AH PK-S.

18. Dolan R]J, Vuilleumier P (2003) Amygdala automaticity in emotional processing.
Ann N'Y Acad Sci 985: 348-355.

19. Liddell BJ, Brown KJ, Kemp AH, Barton MJ, Das P, et al. (2005) A direct
brainstem-amygdala-cortical ‘alarm’ system for subliminal signals of fear.
Neuroimage 24: 235-243.

20. Morris JS, Ohman A, Dolan R]J (1998) Conscious and unconscious emotional
learning in the human amygdala [see comments]. Nature 393: 467-470.

21. LeDoux J (1996) Emotional networks and motor control: a fearful view. Prog
Brain Res 107: 437-446.

22. Sere B, Marendaz C, Herault J (2000) Nonhomogeneous resolution of images of
natural scenes. Perception 29: 1403-1412.

23. Kaplan E, Shapley RM (1986) The primate retina contains two types of ganglion
cells, with high and low contrast sensitivity. Proc Natl Acad Sci U S A 83:
2755-2757.

24. Calvo MG, Nummenmaa L (2008) Detection of emotional faces: salient physical
features guide effective visual search. J Exp Psychol Gen 137: 471-494.

25. Baudouin JY, Humphreys GW (2006) Configural information in gender
categorisation. Perception 35: 531-540.

26. Meissirel C, Wikler KC, Chalupa LM, Rakic P (1997) Early divergence of
magnocellular and parvocellular functional subsystems in the embryonic primate
visual system. Proc Natl Acad Sci U S A 94: 5900-5905.

27. Palermo R, Coltheart M (2004) Photographs of facial expression: accuracy,
response times, and ratings of intensity. Behav Res Methods Instrum Comput
36: 634-638.

28. Hare TA, Tottenham N, Davidson MC, Glover GH, Casey BJ (2005)
Contributions of amygdala and striatal activity in emotion regulation. Biol
Psychiatry 57: 624-632.

29. de Gelder B, Vroomen ], Pourtois G, Weiskrantz L (1999) Non-conscious
recognition of affect in the absence of striate cortex. Neuroreport 10: 3759-3763.

30. Morris JS, Ohman A, Dolan RJ (1999) A subcortical pathway to the right
amygdala mediating "unseen" fear. Proc Natl Acad Sci U S A 96: 1680-1685.

31. Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P, et al. (2005) A
mechanism for impaired fear recognition after amygdala damage. Nature 433:
68-72.

32. Ekman P, Friesen WV (1976) Pictures of facial affect. Palo Alto california:
Consulting Psychologists Press.

33. Bex PJ, Makous W (2002) Spatial frequency, phase, and the contrast of natural
images. J Opt Soc Am A Opt Image Sci Vis 19: 1096-1106.

June 2011 | Volume 6 | Issue 6 | e21584



