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Emotional faces guide the eyes in the absence of awareness 22 

 23 

Abstract 24 

The ability to act quickly to a threat is a key skill for survival. Under awareness, threat-related 25 

emotional information, such as an angry or fearful face, has not only perceptual advantages but also 26 

guides rapid actions such as eye movements. Emotional information that is suppressed from awareness 27 

still confers perceptual and attentional benefits. However, it is unknown whether suppressed emotional 28 

information can directly guide actions, or whether emotional information has to enter awareness to do 29 

so. We suppressed emotional faces from awareness using continuous flash suppression and tracked eye 30 

gaze position. Under successful suppression, as indicated by objective and subjective measures, gaze 31 

moved towards fearful faces, but away from angry faces. Our findings reveal that: (1) threat-related 32 

emotional stimuli can guide eye movements in the absence of visual awareness; (2) threat-related 33 

emotional face information guides distinct oculomotor actions depending on the type of threat 34 

conveyed by the emotional expression.  35 

Introduction 36 

Detecting and reacting to potential threats in the environment is an essential skill for survival. 37 

Emotional information that indicates threat in the environment, such as a fearful or angry face, confers 38 

perceptual and attentional advantages compared to neutral information1-3: Emotional information 39 

enhances visual sensitivity4,5, potentiates effects of attention on visual sensitivity6-11 and on 40 

appearance12, and gains preferential access to awareness13-16. The advantages of emotional information 41 

extend to actions. Eye17-20 - or pointing21 movements towards emotional –especially threat-related 42 

stimuli– are facilitated, whereas saccades away from these are delayed22,23. Further, emotional 43 

information influences gaze trajectories, i.e., directly guides eye movements. Usually, people’s eyes are 44 

attracted more towards emotional than neutral faces24-26, yet, sometimes gaze is repelled from threat-45 

related –angry or fearful– faces27-29. 46 

Remarkably, the recognition of a face’s emotional expression does not require awareness1 of 47 

the face: Cortically blind individuals are able to correctly “guess” the emotions of faces they cannot 48 

see30-35. In neurologically intact observers, emotional –especially threat-related– information they 49 

remain entirely unaware of, is prioritized over neutral information36, facilitates visual discrimination37, 50 

                                                 
1 Some authors refer to ‘awareness’ and ‘consciousness’ interchangeably; in line with a recent review on the 
dissociations of perception and eye movements for neutral stimuli47, we use the term awareness and 
operationally define it as the ability to make an explicit perceptual report. 
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and alters subsequent perceptual38 and discrimination judgments differentially for the unseen 51 

emotion39. Emotional stimuli observers are unaware of also elicit physiological reactions, e.g. changes in 52 

skin conductance40, facial muscle activity and pupil dilation33, and activate subcortical structures, e.g. 53 

the amygdala, pulvinar, basal ganglia and superior colliculus41-44, as well as cortical structures45. 54 

Furthermore, suppressed emotional stimuli influence oculomotor response times; when observers 55 

saccade towards color patches to report a mask’s color, saccades initiation is slower departing from 56 

masked angry faces than from masked happy faces46. Despite this evidence indicating perceptual and 57 

attentional advantages, it is unknown whether suppressed emotional information can also directly 58 

guide actions or whether we have to become aware of the threat before we can act upon it.  59 

Eye movements are the ideal testing ground for the relation between suppressed emotional 60 

information and actions, as recent evidence has shown that eye movements and visual awareness for 61 

neutral stimuli can be dissociated47. Whether and how oculomotor actions are guided by unaware 62 

emotional information can be investigated by suppressing stimuli from awareness while measuring eye 63 

movements. The dissociation of eye movements and visual awareness reflects situations in which the 64 

direction of eye movements change in response to particular visual features, such as orientation or 65 

motion direction, even though observers are unable to report these features because they are not 66 

aware of them47-54. In other words, suppressed neutral stimuli determine the trajectory of eye 67 

movements in the absence of awareness. Moreover, visual attention can modulate the processing of 68 

neutral stimuli and the eye movements they elicit even when observers are unaware of them48.  69 

Angry and fearful faces convey different types of threat, and elicit different reactions under 70 

awareness. Fearful faces indicate a potential indirect threat in the environment of the fearful person 71 

without indicating the source of the threat, suggesting more information is needed to appraise the 72 

situation55. This ambiguity leads to increased amygdala activation56, heightens visual attention to the 73 

seen fearful stimulus location4,6 and attracts eye movements that enable detailed processing of the face 74 

and its environment24. Angry faces indicate direct threats (a person with an angry expression looking 75 

directly at the observer) leading to avoidance29,57 or freezing58 responses. When looking at angry faces 76 

observers show a stronger startle reflex59, stronger activation of the torso muscles60, widening of the 77 

pupils26, and higher activation in brain areas associated with defense preparation61-63 than when looking 78 

at fearful faces. Threat processing is considered to evolve along two distinctive neuronal pathways, a 79 

fast sub-cortical and a slower cortical route64. There is some evidence that fear information, relative to 80 

anger information, may be preferentially processed along the fast, subcortical route65. This rich body of 81 

research suggests differential processing of fear and anger under awareness. Yet, when observers are 82 

presented with unmasked angry and fearful faces, both attract24,25 or repel27,28 their attention and eye 83 

gaze equally strongly. Of note, there is only circumstantial evidence for distinct effects of emotional 84 
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faces in the absence of awareness: Fearful faces have preferential access to awareness14,15,43,66, whereas 85 

angry faces remain suppressed longer66,67, compared to neutral faces presented during continuous-flash 86 

suppression (CFS).  87 

Our study had two goals: (1) To test whether threat-related emotional stimuli can guide eye 88 

movements in the absence of visual awareness. Were suppressed stimuli to guide eye movements, their 89 

trajectory would depend on the location of the emotional stimuli.  (2) To test whether these 90 

oculomotor actions in the absence of awareness are distinct for different threat-related facial emotions. 91 

Were threat-related emotional information to guide eye-movements, the trajectories could be similar 92 

or differential, i.e. depend on the nature of the threat, direct –angry faces– or indirect –fearful faces. 93 

We investigated these critical open questions by assessing whether different threat-related 94 

stimuli can direct oculomotor actions in the absence of awareness, as indicated by objective and 95 

subjective measures, and whether those actions are similar or differential by contrasting eye 96 

movements elicited by angry faces and fearful faces.  97 

 98 

Results 99 

We rendered emotional faces unaware using continuous flash suppression68,69. Low contrast 100 

face stimuli located in one of four quadrants of the visual display were presented to the non-dominant 101 

eye and a high contrast flickering mask was presented to the dominant eye (Fig. 1). As such, the viewer 102 

is only aware of the flickering mask, but not of the stimulus presented to the non-dominant eye. In this 103 

way, continuous flash suppression suppresses stimuli for up to several seconds, enabling the 104 

measurement of eye movements in the absence of awareness50,70.  105 

To investigate the extent to which the different emotional facial expressions are processed and 106 

whether they affect eye movements differentially, we used two negative-valence expressions, fearful 107 

faces, indicating an indirect threat in the environment, and angry faces, indicating a direct threat from 108 

the depicted person. We also used neutral faces to control for the effects of face stimuli on eye 109 

movements that are unrelated to threat. To rule out the possibility that eye movements could have 110 

been simply triggered by low-level visual features (e.g., contrast differences between the eye and 111 

mouth regions), we also presented the same stimulus set upside down, as done in previous studies4,7,12 112 

(Fig. 1).  113 
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 114 

Fig. 1. Stimuli and Experimental Design.  115 

A) Continuous flash suppression was used to suppress low-contrast emotional face stimuli from 116 

awareness: when a high-contrast colored flickering mask is presented to the dominant eye (using a 117 

stereoscope) the viewer will not be aware of the picture presented to the non-dominant eye for several 118 

seconds. B) Face stimuli with either a neutral, angry, or fearful expression (10 identities, 5 male, 5 119 

female; see Methods) were presented to the non-dominant eye. Faces were placed in any of the 4 120 

quadrants of the stimulus field, either upright or upside down (to control for low-level visual features). 121 

C) After a mandatory fixation period of 200 ms, the face stimulus was gradually faded in for 500 ms and 122 

fully presented to the non-dominant eye for 1000 ms while the flickering mask was continuously 123 

presented to the dominant eye. The mask was displayed for a further 200 ms to prevent aftereffects of 124 

the face stimulus. At the end of each trial, participants indicated the location of the face stimulus, its 125 

emotional expression, and its visibility by a button press. 126 

Face stimuli in panels A, C, and C are reproduced, with permission, from The Karolinska directed 127 

emotional faces (KDEF) 85. These images are not available under CC-BY and are exempt from the CC-BY 128 

4.0 license. They may not be redistributed or shared without written consent from the copyright holder 129 

(Karolinska Institutet, Psychology section). The ID for the face depicted in this figure is AM10 and the IDs 130 

for the faces used in experiments are AM05, AM06, AM08, AM10, AM17, AF01, AF09, AF14, AF19, and 131 

AF20. 132 

 133 

 134 

We determined full suppression of visual awareness based on subjective visibility ratings, 135 

whose validity we verified for each observer using objective measures. This verification is essential as 136 

subjective measures alone could reflect criterion rather than discriminability differences36,71. After each 137 

trial, participants (a) judged the location and emotional expression of the face stimulus and (b) rated its 138 

visibility (Fig. 2). We analyzed only those trials in which subjective visibility was zero, and only data from 139 

participants’ whose objective performance across trials with subjective zero visibility was at chance 140 

level for each of the two tasks, location and emotional expression, matching their subjective 141 

impression.  142 
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 143 

 144 

Fig. 2. Objective and subjective measures of awareness of face stimuli presented under continuous flash 145 

suppression (CFS; circles) or on top of the flickering mask (squares). Proportion correct values for the 146 

position (y-axis) and emotion (x-axis) tasks are shown for each subjective rating of visibility (note that 147 

not all visibility ratings were selected in every condition). The area of the symbols corresponds to the 148 

average number of trials with the respective visibility rating per participant. Grey lines indicate chance 149 

level. Error bars show standard errors of the mean (SEM). 150 

 151 

Despite face stimuli being fully suppressed from awareness, participants moved their eyes 152 

towards fearful faces and away from angry faces, compared to neutral faces. Fig. 3 shows gaze position 153 

relative to the face stimulus as a function of time. Most locations within the display were further away 154 

from the face than the fixation point. Thus, the distance between gaze position and face increased for 155 

all faces when participants moved their eyes after an initial mandatory fixation period.  At ~400 ms after 156 

full display was reached, distance of gaze position to fearful faces decreased compared to neutral faces, 157 

indicating an orienting of gaze towards fearful faces. In contrast, distance of gaze position to angry faces 158 

increased compared to the distance to neutral faces, indicating gaze aversion from angry faces. This 159 

pattern of results was not observed with upside-down presented faces. The absence of an effect for 160 

upside-down presented faces rules out the possibility that low-level visual features were responsible for 161 

the effect observed with upright presented emotional faces, a confound not controlled for in previous 162 

studies72 (Fig 3).   163 
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 164 

Fig 3. Time course of gaze distance from target. Mean distance of gaze position from the center of the 165 

face stimulus is plotted for all time points (+/- 1 SEM shaded area) separately for upright (top panel) and 166 

upside down (bottom panel) presented face stimuli displaying fearful (blue), angry (red), or neutral 167 

(grey) emotions. Gaze data were included only for trials in which faces were fully suppressed from 168 

awareness (see Fig. 1). After the fixation period, mean gaze distance increased in all conditions, as 169 

participants moved their eyes freely, and most areas of the display were located further away from the 170 

target than the initially-fixated center point. After ~400 ms of full stimulus display, mean gaze distance 171 

to upright fearful faces decreased, indicating an orienting towards fearful faces. In contrast, mean gaze 172 

distance to upright angry faces increased, indicating gaze aversion from an angry face. Grey bars 173 

represent significant clusters (p < .001) of adjacent time points (1 ms temporal resolution). At all time 174 

points within a cluster, a significant difference in distance between the two respective emotional 175 

expressions (colored textboxes) emerged (p < .05, corrected for multiple comparisons). 176 

 177 

Fig 3-figure supplement 1 (child figure to Fig 3). Time course of gaze distance from target 178 

overlaid with time course of average gaze distance from possible target locations for trials in 179 

which no target was presented (green). This line closely resembles the timeline for trials in 180 

which a neutral upright or any upside-down face was presented. 181 
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To determine the preferentially viewed location for each emotion, we contrasted the spatial 182 

distribution of dwell times for upright faces with their upside-down counterparts; the latter provided a 183 

suitable baseline as they evoked no emotion-specific eye movements (Fig. 3). This dwell time analysis 184 

(Fig. 4) showed that, observers looked significantly longer towards the location at which an upright 185 

fearful face was displayed: dwell times at the target location increased by 57% compared to trials with 186 

upside-down presented fearful faces. In contrast, observers looked significantly longer towards an 187 

adjacent location when an upright compared to an upside-down angry face was displayed, 188 

demonstrating a consistent and lasting gaze aversion from an angry face. No effect emerged for neutral 189 

faces.   190 

 191 

Fig 4. Spatial distribution of mean dwell time differences. Differences in dwell time between upright 192 

and upside-down presented faces across the stimulus field, divided into four quadrants and three 193 

eccentricities. Data were aligned such that the target position is in the upper right quadrant (red 194 

square). Dwell time differences show an orienting towards the position of upright fearful faces (upright 195 

62.82 ± 10.80 ms SEM, upside down 36.37 ± 6.45 ms; red dots: p < .05, corrected for multiple 196 

comparisons), and an aversion of gaze away from the position of upright angry faces (upright 51.57 ± 197 

8.72 ms; upside down 33.62 ± 4.36 ms), both compared to upside-down presented faces of the same 198 

emotion. 199 

 200 

Discussion 201 

We found that in the absence of visual awareness, observers’ eye movements were attracted 202 

towards fearful faces and repelled away from angry faces, compared to neutral faces. These novel 203 

results revealed that threat-related emotional faces can guide oculomotor actions without entering 204 

awareness. Our objective performance measures (Fig. 2, red dots) validate the subjective visibility 205 

ratings, and together indicate that the emotional faces were suppressed from perceptual awareness. 206 

The absence of an effect with upside-down presented angry faces precludes confounds with low-level 207 

feature differences between faces of different emotional expressions.   208 
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Remarkably, the elicited eye movements were specific to the displayed facial emotion regarding 209 

the type of threat it conveyed. These distinct consequences on oculomotor actions demonstrate 210 

qualitative processing of the emotional expression, rather than mere detection of emotional stimuli in 211 

the absence of awareness. Previous studies on emotional face perception predominantly demonstrated 212 

preferential emergence of fearful faces into awareness36, which could simply indicate unspecific arousal 213 

caused by emotional content.  214 

How can emotional stimuli directly guide oculomotor actions in the absence of awareness? For 215 

neutral stimuli, dissociations between visual awareness and eye movements, revealing more sensitive 216 

processing of information, have been related to the involvement of a fast subcortical retinocollicular 217 

pathway47.  Furthermore, processing of unaware emotional visual information has been associated with 218 

a subcortical pathway involving the amygdala, pulvinar, and superior colliculus41, as well as structural 219 

connections between the amygdala and cortical motor‐related areas73. The superior colliculus plays a 220 

crucial role in the control of voluntary and involuntary eye movements74. Thus, in the absence of 221 

awareness, orienting of eye movements towards and away from emotional faces could be mediated by 222 

these subcortical structures, in addition to the potential involvement of a cortical pathway45. A possible 223 

mechanism could be that the amygdala assesses facial emotional expression, and the superior colliculus 224 

guides eye movements according to a fight, flight, or freeze response.  225 

Why did participants look towards fearful faces, but avert their gaze away from angry faces, in 226 

the absence of awareness?  As mentioned in the Introduction, under awareness these two threat-227 

related emotions have differential perceptual consequences26,57,59,60 and may be mediated by different 228 

neural pathways65. In the absence of awareness, before this study, there had been only circumstantial 229 

evidence for differential processing of angry and fearful faces according to the time they take to break 230 

into awareness14,15,43,66,67.  With respect to eye movements, under awareness, both angry and fearful 231 

faces have shown to elicit similar eye movement responses, either attraction24,25 or repulsion27,28. In the 232 

absence of awareness, gaze avoidance from masked angry faces had been demonstrated only indirectly 233 

with eyes starting instructed movements towards a response target more slowly in the presence of an 234 

angry than a happy face75. Instead, our results, directly measured with eye tracking, show uninstructed, 235 

sustained gaze avoidance to an angry face but sustained gaze attraction to a fearful face, while the 236 

faces are entirely suppressed from awareness. Fearful faces are more ambiguous and directing our eyes 237 

towards them may be an automatic response to try to gather more information17,24,55. In contrast, angry 238 

faces pose a direct threat and directing our eyes away from them may be an automatic avoidance 239 

response55. 240 

Comparing our finding of differential eye movements in the absence of awareness with the 241 

previous findings of similar eye movements under awareness24,25,27,28 suggest that different factors may 242 

influence eye movements under aware and unaware conditions. Across studies, perceptual76, 243 
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attentional77,78 and physiological79 effects of emotional information either differ qualitatively or tend to 244 

be stronger in the absence than in the presence of awareness80. Moreover, awareness modulates the 245 

time course81 and locus79 of neural activations elicited by threat-related information, as well as 246 

functional connectivity between the amygdala and pre-frontal areas13,76,82. Two different mechanisms 247 

might cause threat-related emotions guiding actions differentially in the absence of, but not in the 248 

presence of awareness: a) the perceived intensity of the threat might be stronger in the absence of 249 

awareness76,81, which in turn may facilitate actions specifically tailored towards the nature of the threat, 250 

indirect or direct; b) cognitive mechanisms might suppress automatic actions upon threat-related 251 

information only under awareness56,77, but not in its absence, as in our present findings. Several factors 252 

may help overwrite automatic eye movements towards fearful or away from angry faces, ranging from 253 

mere adherence to the task instructions28 to regulation of the social communication entailed in holding 254 

or averting gaze75,83,84. 255 

To conclude, our results provide the first evidence that emotional information humans are 256 

unaware of can differentially modulate their eye movements without entering awareness.  257 

Methods 258 

Participants 259 

Twelve participants (4 females, mean age 24.3 years) were included in the final analysis. All participants 260 

took part in exchange for course credits, indicated normal or corrected-to-normal vision, and signed an 261 

informed consent form. The experiment was conducted according to the guidelines of the Declaration 262 

of Helsinki and approved by the ethics committee of New York University.   263 

Stimuli and Apparatus 264 

We selected emotional face stimuli (neutral, angry, and fearful expressions, all looking straight ahead) 265 

from 10 different identities (5 male, 5 female) from the Karolinska Directed Emotional Faces database85. 266 

The face images were cropped into oval shapes to remove hair, and their edges were smoothed to 267 

blend in with the grey background. Face stimuli were rendered low contrast, equated for overall 268 

luminance and contrast, and matched with the luminance of the background using the SHINE toolbox86 269 

in MATLAB. Face images (1.79° x 2.70° visual angle) were presented either upright or upside down (Fig. 270 

1B) to control for low level visual features independent of emotional expression. The emotional 271 

expressions of upside down presented faces can elicit differential effects when these are presented for 272 

several seconds87-90, but with shorter presentation times emotion-specific effects are limited to upright 273 

presented faces4,7,12. Faces were displayed in any of the 4 quadrants of the stimulus field 274 

(counterbalanced) to allow eye movements to be directed to different parts of the visual field. For 275 
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continuous flash suppression, a set of colorful, high contrast flickering masks were created with 276 

randomly chosen shapes and colors, and each set of masks was created anew for each trial. 277 

Importantly, no mask image was ever exactly the same as another; therefore systematic features of the 278 

mask could not have directed eye movements. Mask images were displayed at a frequency of 28.3 Hz91. 279 

To help fuse the two images (Fig. 1) while viewed through a stereoscope, black and white bars framed 280 

the stimulus field for each eye (4.67° x 6.23°). A mirror stereoscope (ScreenScope, ASC Scientific, 281 

Carlsbad, USA) was used to display different images to each eye. The flickering mask was always 282 

presented to the dominant eye (as determined with a hole-in-card test92 at the start of the experiment 283 

for each participant) and the low contrast face stimulus was presented to the non-dominant eye to 284 

achieve best possible suppression. Stimuli were created and presented using MATLAB and the Cogent 285 

toolbox (Wellcome Department of Imaging Neuroscience, University College London) and displayed on 286 

a CRT monitor (IBM P260, 85 Hz, resolution 1280 x 1024). Participants were seated 114 cm from the 287 

monitor, placing their head on a chin rest and looking through the stereoscope. Eye movements were 288 

recorded with an infrared eyetracking system at 1000 Hz (EyeLink 1000, SR Research, Ottawa, Canada).  289 

Tasks 290 

During mask presentation, participants were instructed to look for a face hidden behind the flickering 291 

mask. After each trial, they answered three questions by button press (maximum allowed response 292 

time was 2 s for each question). 1) Position task: Indicate the quadrant in which the picture was 293 

presented. 2) Expression task: Indicate the emotional expression of the face as angry, fearful, or neutral. 294 

3) Visibility rating: Rate the visibility of the face stimulus as either ‘not at all seen’, ‘brief glimpse’, 295 

‘almost clear’, or ‘very clear‘ (perceptual awareness scale93). Two variants of numbering the quadrants 296 

and of assigning the keys to the three emotional expressions were counterbalanced across participants. 297 

The order of position and expression task was counterbalanced across participants, but the visibility 298 

rating was always administered last. The position and the expression tasks served as objective measures 299 

of awareness, i.e., determined whether participants were able to detect and identify the face stimulus 300 

above chance level. The visibility rating served as subjective measure of awareness. We only analyzed 301 

data from participants’ whose performance in the localization and expression tasks was at chance when 302 

subjective visibility was rated zero (see Data Exclusion). 303 

Procedure 304 

The experiment comprised 288 trials divided into 3 blocks to allow participants to rest and to re-305 

calibrate the eye tracker. In 240 trials, the face stimulus was presented to the non-dominant eye and 306 

the flickering mask to the dominant eye to suppress the face image from visual awareness. In 24 trials, 307 

the face image was displayed on top of the mask presented to the dominant eye, so that the face 308 
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stimulus was clearly visible (while overall visual stimulation intensity remained the same as during 309 

suppressed presentation). These non-suppressed trials were introduced as positive control, to ensure 310 

that participants paid attention and reported the image’s position and emotion correctly when it was 311 

visible. In another 24 trials, only the mask was presented, with no face. These catch trials were included 312 

to measure baseline eye movement patterns and face position and emotion ratings without any face 313 

stimulus presentation to the non-dominant eye. Suppressed, non-suppressed, and catch trials were 314 

presented in random order, as were the face images’ emotional expression, identity, orientation, and 315 

position.  316 

 317 

Each trial started with a mandatory fixation period of 200 ms (Fig. 1A), i.e., the trial was only initiated 318 

after participants maintained gaze at a central fixation cross for at least 200 ms. Then the flickering 319 

mask appeared to the dominant eye, and the face stimulus, presented to the non-dominant eye, was 320 

gradually faded in for 500 ms, to make the suppression more effective94. The face stimulus was 321 

subsequently displayed to the non-dominant eye for 1000 ms before it disappeared. The mask was 322 

displayed for another 200 ms to prevent afterimages of the face stimulus. 323 

Data Exclusion 324 

The suppressive effects of continuous flash suppression vary inter- and intra-individually95. We 325 

employed subjective and objective measures to ensure that only trials in which the face stimulus was 326 

indeed suppressed from awareness were included in the analysis. First, only trials with a subjective 327 

visibility rating of zero (“not seen at all”) were included in the analysis. Second, to validate these 328 

subjective judgments, participants’ average accuracy in the emotion and in the position task was 329 

calculated separately for each level of subjective face visibility. Of special interest were trials in which 330 

participants reported to not have seen the stimulus (Fig. 2, red dots). In the emotion task, participants 331 

were biased towards responding “neutral” when they indicated that they had not seen the face (while 332 

at the same time they were at chance level for the position task; Fig. 2). Yet, when averaging across 333 

trials all participants’ proportion correct in the emotion task was close to chance level. In the position 334 

task, two participants performed clearly above chance level (78% and 67% correct position responses) 335 

even though they indicated to not have seen the stimulus. Data from these two participants were 336 

excluded from all further analyses. Two additional participants indicated to not have seen the face in 337 

only a low percentage of trials, thus, their data were too sparse for the analysis of gaze position over 338 

time (see below) and these participants were excluded from analyses of suppressed trials as well. For 339 

two participants we had only partial data due to problems with the hardware, these were excluded 340 

from the analysis. Additionally, < 1% of the remaining trials were excluded from analysis because less 341 
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than 25% of the recorded gaze positions were located inside the stimulus field (for example, because 342 

the participant repeatedly blinked during the trial).  343 

 344 

Data Analysis 345 

For the time series analysis (Fig. 3), gaze position was evaluated as a function of time. To compensate 346 

for fluctuations in the eye-tracking device, single trial measurements were baseline corrected by 347 

subtracting the respective participants’ average gaze coordinates during the fixation period from all 348 

measurements during the respective trial. To be able to analyze trials probing any of the four possible 349 

stimulus locations together, we calculated the Euclidian distance between gaze position and the center 350 

of the target quadrant for each time point in a trial. Mean distances were calculated per participant, 351 

time point, emotion, and face orientation. For each time point, these mean distances were compared 352 

between pairs of emotions, separately for each face orientation. For 87.82% of analyzed time points we 353 

had data from all participants, for the remaining 12.18% of time-points data were missing from at least 354 

one of the participants. At α = 0.05 the chances for false positive results, that is, significant test results 355 

without an underlying difference are at 5%. Each analyzed time segment comprised 1000 time points, 356 

resulting in a prediction of 50 false positive results per segment. To control for this alpha inflation, we 357 

employed permutation-based cluster mass tests96: In step 1, pairwise paired t-tests were calculated for 358 

each time point from 500 ms after trial onset onwards, i.e., each time point at which the face stimulus 359 

was fully displayed. Six t-tests for paired samples were conducted at each time point, comparing the 360 

average distance between gaze and target within participants for all three possible pairings of the three 361 

emotional expressions, separately for upright and upside down presented faces. These t-tests were 362 

considered significant, if the absolute t-value was larger than 2. In step 2, clusters of adjacent time 363 

points with significant, equally directed differences between emotions were identified separately for 364 

each of the six comparisons (emotion pair x face orientation). That is, one temporal cluster comprised 365 

all sampled timepoints from start till end of the cluster and the t-tests conducted in step 1 had revealed 366 

a significant difference between the tested two emotions for all of these timepoints. For each emotion 367 

pair and face orientation the largest temporal cluster was determined based on the summed t-values of 368 

all time points within the cluster.  These clusters were tested for significance by comparing these 369 

summed t-values to those of clusters derived from 1000 random permutations of the data. For each 370 

permutation, the emotion labels of a participant’s gaze-target distances were swapped with a 371 

probability of 50%. Labels were swapped within but not across participants, and within one 372 

permutation the same permutated labels were used for all time points. Step 1 was repeated on the 373 

permuted data, and the largest cluster was extracted and compared to the corresponding cluster of the 374 

original data. A cluster was considered significant if clusters of the same or larger size occurred in less 375 
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than 5% of the randomly permuted datasets. By doing so, we determined the probability that the 376 

original cluster of adjacent time points with significant differences between emotions could occur by 377 

chance.  378 

 379 

Further, the distribution of dwell times across the stimulus field, that is, the cumulative time spent 380 

fixating a location on the screen, was analyzed (Fig. 4). The analysis focused again on successfully 381 

suppressed trials, and – based on the results of the time series analysis – was restricted to gaze 382 

positions recorded at least 500 ms after full stimulus onset. Gaze position was transformed into polar 383 

coordinates and discretized by dividing the visual display into three equally spaced rings and four 384 

wedges. To allow averaging of trials across the four possible stimulus locations, the coordinates were 385 

rotated until the face was located in the upper-right quadrant. Average dwell times in each segment 386 

were compared between trials with upright versus upside down presented faces using paired t-tests, 387 

and this comparison was conducted separately for each emotion (step 1). Having established segments 388 

with significant differences in dwell time between trials with upright and upside down presented faces, 389 

we again used permutation cluster tests to avoid alpha inflation due to multiple comparisons (step 2). 390 

The clusters were now defined in space rather than time, that is, clusters were defined as adjacent 391 

segments with significant differences in the same direction. Minimal cluster size was one segment. 392 

Again, to evaluate the strength of a cluster, summed t-values were determined for each cluster within 393 

the original data and within 1000 permutations of the data. For the permutations, we randomly re-394 

assigned the labels upright and upside down within each participant. The largest summed t-value of 395 

each permutation was extracted and the p-value of the largest cluster in the original data was 396 

determined based on the percentile of its summed t-value within this distribution. Thus, a spatial 397 

cluster (consisting of 1 or more adjacent segments of the stimulus space) was considered significant if 398 

the summed size of the effect within the cluster was not exceeded by more than 5% of clusters found in 399 

random permutations of the data. 400 

 401 

Data and source files are available online97. 402 

 403 

Acknowledgments  404 

This study was supported by research fellowships from the Deutsche Forschungsgemeinschaft to PV (VE 405 

739/1-1) and SB (BA5600/1-1) and by a grant from NIH-RO1-EY016200 to MC. We thank Jasmine Pan 406 

and Maura LaBrecque for help with data collection, members of the Carrasco Lab for discussions and 407 

comments on the manuscript, and Miriam Spering for comments on the manuscript. 408 

 409 

 410 



15 
 

References 411 

1 Carretie, L. Exogenous (automatic) attention to emotional stimuli: a review. Cogn Affect Behav 412 

Neurosci 14, 1228-1258, doi:10.3758/s13415-014-0270-2 (2014). 413 

2 Pourtois, G., Schettino, A. & Vuilleumier, P. Brain mechanisms for emotional influences on 414 

perception and attention: what is magic and what is not. Biol Psychol 92, 492-512, 415 

doi:10.1016/j.biopsycho.2012.02.007 (2013). 416 

3 Vuilleumier, P. How brains beware: neural mechanisms of emotional attention. Trends in 417 

cognitive sciences 9, 585-594 (2005). 418 

4 Phelps, E. A., Ling, S. & Carrasco, M. Emotion facilitates perception and potentiates the 419 

perceptual benefits of attention. Psychological science 17, 292-299 (2006). 420 

5 Fox, E. et al. Facial expressions of emotion: Are angry faces detected more efficiently? Cognition 421 

& emotion 14, 61-92 (2000). 422 

6 Ferneyhough, E., Kim, M. K., Phelps, E. A. & Carrasco, M. Anxiety modulates the effects of 423 

emotion and attention on early vision. Cognition & emotion 27, 166-176 (2013). 424 

7 Bocanegra, B. R. & Zeelenberg, R. Emotion improves and impairs early vision. Psychological 425 

science 20, 707-713 (2009). 426 

8 Bocanegra, B. R. & Zeelenberg, R. Emotion-induced trade-offs in spatiotemporal vision. Journal 427 

of Experimental Psychology: General 140, 272-281 (2011). 428 

9 Bocanegra, B. R. & Zeelenberg, R. Emotional cues enhance the attentional effects on spatial and 429 

temporal resolution. Psychonomic Bulletin & Review 18, 1071-1076 (2011). 430 

10 Öhman, A., Lundqvist, D. & Esteves, F. The face in the crowd revisited: a threat advantage with 431 

schematic stimuli. Journal of personality and social psychology 80, 381-396 (2001). 432 

11 Lundqvist, D. & Ohman, A. Emotion regulates attention: The relation between facial 433 

configurations, facial emotion, and visual attention. Visual Cognition 12, 51-84 (2005). 434 

12 Barbot, A. & Carrasco, M. Emotion and anxiety potentiate the way attention alters visual 435 

appearance. Scientific reports 8, 5938 (2018). 436 

13 Amting, J. M., Greening, S. G. & Mitchell, D. G. Multiple mechanisms of consciousness: the 437 

neural correlates of emotional awareness. Journal of Neuroscience 30, 10039-10047 (2010). 438 

14 Yang, E., Zald, D. H. & Blake, R. Fearful expressions gain preferential access to awareness during 439 

continuous flash suppression. Emotion 7, 882-886 (2007). 440 

15 Milders, M., Sahraie, A., Logan, S. & Donnellon, N. Awareness of faces is modulated by their 441 

emotional meaning. Emotion 6, 10-17 (2006). 442 

16 Hedger, N., Adams, W. J. & Garner, M. Fearful faces have a sensory advantage in the 443 

competition for awareness. Journal of Experimental Psychology: Human Perception and 444 

Performance 41, 1748 (2015). 445 



16 
 

17 Bannerman, R. L., Milders, M., De Gelder, B. & Sahraie, A. Orienting to threat: faster localization 446 

of fearful facial expressions and body postures revealed by saccadic eye movements. 447 

Proceedings of the Royal Society of London B: Biological Sciences, 1635–1641 (2009). 448 

18 Bannerman, R. L., Milders, M. & Sahraie, A. Processing emotional stimuli: Comparison of 449 

saccadic and manual choice-reaction times. Cognition and Emotion 23, 930-954 (2009). 450 

19 Bannerman, R. L., Milders, M. & Sahraie, A. Attentional bias to brief threat-related faces 451 

revealed by saccadic eye movements. Emotion 10, 733-738 (2010). 452 

20 Nummenmaa, L., Hyönä, J. & Calvo, M. G. Emotional scene content drives the saccade 453 

generation system reflexively. Journal of Experimental Psychology: Human Perception and 454 

Performance 35, 305-323 (2009). 455 

21 Valk, J. M. d., Wijnen, J. G. & Kret, M. E. Anger fosters action. Fast responses in a motor task 456 

involving approach movements toward angry faces and bodies. Frontiers in psychology 6, 1-7 457 

(2015). 458 

22 Belopolsky, A. V., Devue, C. & Theeuwes, J. Angry faces hold the eyes. Visual Cognition 19, 27-36 459 

(2011). 460 

23 Kissler, J. & Keil, A. Look–don’t look! How emotional pictures affect pro-and anti-saccades. 461 

Experimental brain research 188, 215-222 (2008). 462 

24 Mogg, K., Garner, M. & Bradley, B. P. Anxiety and orienting of gaze to angry and fearful faces. 463 

Biological psychology 76, 163-169 (2007). 464 

25 Kret, M., Stekelenburg, J., Roelofs, K. & De Gelder, B. Perception of face and body expressions 465 

using electromyography, pupillometry and gaze measures. Frontiers in psychology 4, 1-12 466 

(2013). 467 

26 Kret, M. E., Roelofs, K., Stekelenburg, J. & de Gelder, B. Emotional signals from faces, bodies and 468 

scenes influence observers' face expressions, fixations and pupil-size. Frontiers in human 469 

neuroscience 7, 1-9 (2013). 470 

27 Hunnius, S., de Wit, T. C., Vrins, S. & von Hofsten, C. Facing threat: Infants' and adults' visual 471 

scanning of faces with neutral, happy, sad, angry, and fearful emotional expressions. Cognition 472 

and Emotion 25, 193-205 (2011). 473 

28 Becker, M. W. & Detweiler-Bedell, B. Short article: Early detection and avoidance of threatening 474 

faces during passive viewing. Quarterly Journal of Experimental Psychology 62, 1257-1264 475 

(2009). 476 

29 Schmidt, L. J., Belopolsky, A. V. & Theeuwes, J. The presence of threat affects saccade 477 

trajectories. Visual Cognition 20, 284-299 (2012). 478 

30 De Gelder, B., Morris, J. S. & Dolan, R. J. Unconscious fear influences emotional awareness of 479 

faces and voices. Proceedings of the National Academy of Sciences 102, 18682-18687 (2005). 480 



17 
 

31 De Gelder, B., Vroomen, J., Pourtois, G. & Weiskrantz, L. Non-conscious recognition of affect in 481 

the absence of striate cortex. Neuroreport 10, 3759-3763 (1999). 482 

32 Pegna, A. J., Khateb, A., Lazeyras, F. & Seghier, M. L. Discriminating emotional faces without 483 

primary visual cortices involves the right amygdala. Nature neuroscience 8, 24-25 (2005). 484 

33 Tamietto, M. et al. Unseen facial and bodily expressions trigger fast emotional reactions. 485 

Proceedings of the National Academy of Sciences 106, 17661-17666 (2009). 486 

34 Bertini, C., Cecere, R. & Làdavas, E. I am blind, but I “see” fear. Cortex 49, 985-993 (2013). 487 

35 Striemer, C. L., Whitwell, R. L. & Goodale, M. A. Affective blindsight in the absence of input from 488 

face processing regions in occipital-temporal cortex. Neuropsychologia, in press (2017). 489 

36 Hedger, N., Gray, K. L., Garner, M. & Adams, W. J. Are visual threats prioritized without 490 

awareness? A critical review and meta-analysis involving 3 behavioral paradigms and 2696 491 

observers. Psychological bulletin 142, 934-968 (2016). 492 

37 Bertini, C., Cecere, R. & Làdavas, E. Unseen fearful faces facilitate visual discrimination in the 493 

intact field. Neuropsychologia, in press (2017). 494 

38 Almeida, J., Pajtas, P. E., Mahon, B. Z., Nakayama, K. & Caramazza, A. Affect of the unconscious: 495 

visually suppressed angry faces modulate our decisions. Cognitive, Affective, & Behavioral 496 

Neuroscience 13, 94-101 (2013). 497 

39 Zhan, M. & de Gelder, B. Unconscious fearful body perception enhances discrimination of 498 

conscious anger expressions under continuous flash suppression. Neuropsychologia, in press 499 

(2018). 500 

40 Esteves, F., Parra, C., Dimberg, U. & Öhman, A. Nonconscious associative learning: Pavlovian 501 

conditioning of skin conductance responses to masked fear‐relevant facial stimuli. 502 

Psychophysiology 31, 375-385 (1994). 503 

41 Tamietto, M. & De Gelder, B. Neural bases of the non-conscious perception of emotional 504 

signals. Nature Reviews Neuroscience 11, 697-709 (2010). 505 

42 Jiang, Y. & He, S. Cortical responses to invisible faces: dissociating subsystems for facial-506 

information processing. Current Biology 16, 2023-2029 (2006). 507 

43 Troiani, V., Price, E. T. & Schultz, R. T. Unseen fearful faces promote amygdala guidance of 508 

attention. Social cognitive and affective neuroscience 9, 133-140 (2012). 509 

44 Troiani, V. & Schultz, R. T. Amygdala, pulvinar, and inferior parietal cortex contribute to early 510 

processing of faces without awareness. Frontiers in human neuroscience 7, 1-12 (2013). 511 

45 Pessoa, L. & Adolphs, R. Emotion processing and the amygdala: from a'low road'to'many roads' 512 

of evaluating biological significance. Nature reviews neuroscience 11, 773-783 (2010). 513 

46 Terburg, D., Aarts, H. & van Honk, J. Testosterone affects gaze aversion from angry faces 514 

outside of conscious awareness. Psychological science 23, 459-463 (2012). 515 



18 
 

47 Spering, M. & Carrasco, M. Acting without seeing: eye movements reveal visual processing 516 

without awareness. Trends in neurosciences 38, 247-258 (2015). 517 

48 Spering, M. & Carrasco, M. Similar effects of feature-based attention on motion perception and 518 

pursuit eye movements at different levels of awareness. Journal of Neuroscience 32, 7594-7601 519 

(2012). 520 

49 Spering, M., Pomplun, M. & Carrasco, M. Tracking without perceiving: a dissociation between 521 

eye movements and motion perception. Psychological science 22, 216-225 (2011). 522 

50 Rothkirch, M., Stein, T., Sekutowicz, M. & Sterzer, P. A direct oculomotor correlate of 523 

unconscious visual processing. Current Biology 22, R514-R515 (2012). 524 

51 Glasser, D. M. & Tadin, D. Modularity in the motion system: independent oculomotor and 525 

perceptual processing of brief moving stimuli. Journal of vision 14, 28-28 (2014). 526 

52 Kuhn, G. & Land, M. F. There's more to magic than meets the eye. Current Biology 16, R950-527 

R951 (2006). 528 

53 Simoncini, C., Perrinet, L. U., Montagnini, A., Mamassian, P. & Masson, G. S. More is not always 529 

better: adaptive gain control explains dissociation between perception and action. Nature 530 

neuroscience 15, 1596-1603 (2012). 531 

54 Tavassoli, A. & Ringach, D. L. When your eyes see more than you do. Current Biology 20, R93-532 

R94 (2010). 533 

55 Davis, F. C. et al. A tale of two negatives: differential memory modulation by threat-related 534 

facial expressions. Emotion 11, 647-655 (2011). 535 

56 Whalen, P. J. et al. Neuroscience and facial expressions of emotion: The role of amygdala–536 

prefrontal interactions. Emotion Review 5, 78-83 (2013). 537 

57 Marsh, A. A., Ambady, N. & Kleck, R. E. The effects of fear and anger facial expressions on 538 

approach-and avoidance-related behaviors. Emotion 5, 119-124 (2005). 539 

58 Roelofs, K., Hagenaars, M. A. & Stins, J. Facing freeze: Social threat induces bodily freeze in 540 

humans. Psychological Science 21, 1575-1581 (2010). 541 

59 Springer, U. S., Rosas, A., McGetrick, J. & Bowers, D. Differences in startle reactivity during the 542 

perception of angry and fearful faces. Emotion 7, 516-525 (2007). 543 

60 van Boxtel, G. J. & de Gelder, B. The Body Action Coding System II: muscle activations during the 544 

perception and expression of emotion. Frontiers in behavioral neuroscience 8, 1-13 (2014). 545 

61 Williams, L. M. et al. BOLD, sweat and fears: fMRI and skin conductance distinguish facial fear 546 

signals. Neuroreport 16, 49-52 (2005). 547 

62 Pichon, S., de Gelder, B. & Grèzes, J. Two different faces of threat. Comparing the neural 548 

systems for recognizing fear and anger in dynamic body expressions. Neuroimage 47, 1873-549 

1883 (2009). 550 



19 
 

63 Kret, M., Pichon, S., Grèzes, J. & de Gelder, B. Similarities and differences in perceiving threat 551 

from dynamic faces and bodies. An fMRI study. Neuroimage 54, 1755-1762 (2011). 552 

64 LeDoux, J. The emotional brain: The mysterious underpinnings of emotional life.  (Simon and 553 

Schuster, 1998). 554 

65 Luo, Q., Holroyd, T., Jones, M., Hendler, T. & Blair, J. Neural dynamics for facial threat 555 

processing as revealed by gamma band synchronization using MEG. Neuroimage 34, 839-847 556 

(2007). 557 

66 Jusyte, A., Mayer, S., Künzel, E., Hautzinger, M. & Schönenberg, M. Unemotional traits predict 558 

early processing deficit for fearful expressions in young violent offenders: an investigation using 559 

continuous flash suppression. Psychological medicine 45, 285-297 (2015). 560 

67 Zhan, M., Hortensius, R. & de Gelder, B. The body as a tool for anger awareness—differential 561 

effects of angry facial and bodily expressions on suppression from awareness. PloS one 10, 562 

e0139768 (2015). 563 

68 Tsuchiya, N. & Koch, C. Continuous flash suppression reduces negative afterimages. Nature 564 

neuroscience 8, 1096-1101 (2005). 565 

69 Fang, F. & He, S. Cortical responses to invisible objects in the human dorsal and ventral 566 

pathways. Nature neuroscience 8, 1380-1385 (2005). 567 

70 Madipakkam, A. R., Rothkirch, M., Wilbertz, G. & Sterzer, P. Probing the influence of 568 

unconscious fear-conditioned visual stimuli on eye movements. Consciousness and cognition 46, 569 

60-70 (2016). 570 

71 Sterzer, P., Stein, T., Ludwig, K., Rothkirch, M. & Hesselmann, G. Neural processing of visual 571 

information under interocular suppression: a critical review. Frontiers in Psychology 5, 453 572 

(2014). 573 

72 Bodenschatz, C. M., Kersting, A. & Suslow, T. Effects of Briefly Presented Masked Emotional 574 

Facial Expressions on Gaze Behavior: An Eye-Tracking Study. Psychological reports, in press 575 

(2018). 576 

73 Grezes, J., Valabregue, R., Gholipour, B. & Chevallier, C. A direct amygdala‐motor pathway for 577 

emotional displays to influence action: A diffusion tensor imaging study. Human brain mapping 578 

35, 5974-5983 (2014). 579 

74 Bell, A. H. & Munoz, D. P. Activity in the superior colliculus reflects dynamic interactions 580 

between voluntary and involuntary influences on orienting behaviour. European Journal of 581 

Neuroscience 28, 1654-1660 (2008). 582 

75 Terburg, D., Hooiveld, N., Aarts, H., Kenemans, J. L. & van Honk, J. Eye tracking unconscious 583 

face-to-face confrontations: Dominance motives prolong gaze to masked angry faces. 584 

Psychological Science 22, 314-319 (2011). 585 



20 
 

76 Lapate, R. C. et al. Awareness of emotional stimuli determines the behavioral consequences of 586 

amygdala activation and amygdala-prefrontal connectivity. Scientific reports 6, 1-16 (2016). 587 

77 Mogg, K., Bradley, B. P. & Hallowell, N. Attentional bias to threat: Roles of trait anxiety, stressful 588 

events, and awareness. The Quarterly Journal of Experimental Psychology 47, 841-864 (1994). 589 

78 Fox, E. Selective processing of threatening words in anxiety: The role of awareness. Cognition & 590 

Emotion 10, 449-480 (1996). 591 

79 Tamietto, M. et al. Once you feel it, you see it: Insula and sensory-motor contribution to visual 592 

awareness for fearful bodies in parietal neglect. Cortex 62, 56-72 (2015). 593 

80 Diano, M., Celeghin, A., Bagnis, A. & Tamietto, M. Amygdala response to emotional stimuli 594 

without awareness: facts and interpretations. Frontiers in psychology 7, 1-12 (2017). 595 

81 Liddell, B. J., Williams, L. M., Rathjen, J., Shevrin, H. & Gordon, E. A temporal dissociation of 596 

subliminal versus supraliminal fear perception: an event-related potential study. Journal of 597 

cognitive neuroscience 16, 479-486 (2004). 598 

82 Williams, L. M. et al. Mode of functional connectivity in amygdala pathways dissociates level of 599 

awareness for signals of fear. Journal of Neuroscience 26, 9264-9271 (2006). 600 

83 Emery, N. J. The eyes have it: the neuroethology, function and evolution of social gaze. 601 

Neuroscience & Biobehavioral Reviews 24, 581-604 (2000). 602 

84 Kendon, A. Some functions of gaze-direction in social interaction. Acta psychologica 26, 22-63 603 

(1967). 604 

85 Lundqvist, D., Flykt, A. & Öhman, A. The Karolinska directed emotional faces (KDEF). CD ROM 605 

from Department of Clinical Neuroscience, Psychology section, Karolinska Institutet 91, 630 606 

(1998). 607 

86 Willenbockel, V. et al. Controlling low-level image properties: the SHINE toolbox. Behavior 608 

research methods 42, 671-684 (2010). 609 

87 McKelvie, S. J. Emotional expression in upside‐down faces: Evidence for configurational and 610 

componential processing. British Journal of Social Psychology 34, 325-334 (1995). 611 

88 Calvo, M. G. & Nummenmaa, L. Detection of emotional faces: salient physical features guide 612 

effective visual search. Journal of Experimental Psychology: General 137, 471-494 (2008). 613 

89 Derntl, B., Seidel, E.-M., Kainz, E. & Carbon, C.-C. Recognition of emotional expressions is 614 

affected by inversion and presentation time. Perception 38, 1849-1862 (2009). 615 

90 Narme, P., Bonnet, A.-M., Dubois, B. & Chaby, L. Understanding facial emotion perception in 616 

Parkinson's disease: the role of configural processing. Neuropsychologia 49, 3295-3302 (2011). 617 

91 Kaunitz, L. N., Fracasso, A., Skujevskis, M. & Melcher, D. Waves of visibility: probing the depth of 618 

inter-ocular suppression with transient and sustained targets. Frontiers in psychology 5, 804 619 

(2014). 620 



21 
 

92 Miles, W. R. Ocular dominance in human adults. The journal of general psychology 3, 412-430 621 

(1930). 622 

93 Sandberg, K., Timmermans, B., Overgaard, M. & Cleeremans, A. Measuring consciousness: is 623 

one measure better than the other? Consciousness and cognition 19, 1069-1078 (2010). 624 

94 Tsuchiya, N., Koch, C., Gilroy, L. A. & Blake, R. Depth of interocular suppression associated with 625 

continuous flash suppression, flash suppression, and binocular rivalry. Journal of vision 6, 1068-626 

1078 (2006). 627 

95 Hesselmann, G., Darcy, N., Ludwig, K. & Sterzer, P. Priming in a shape task but not in a category 628 

task under continuous flash suppression. Journal of vision 16, 1-17 (2016). 629 

96 Maris, E. & Oostenveld, R. Nonparametric statistical testing of EEG-and MEG-data. Journal of 630 

neuroscience methods 164, 177-190 (2007). 631 

97 Vetter, P., Badde, S., Phelps, E. A. & Carrasco, M. 632 

EyeMovementsSuppressedEmotionalFaces_Repository. GitHub, 633 

https://github.com/StephBadde/EyeMovementsSuppressedEmotionalFaces (2019). 634 

 635 

https://github.com/StephBadde/EyeMovementsSuppressedEmotionalFaces

	Article File

