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Do Subliminal Fearful Facial Expressions Capture Attention?
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In two experiments, we tested whether fearful facial expressions capture attention in an awareness-independent fashion. In Experiment 1, participants searched for a visible neutral face presented at one of two positions. Prior to the target, a backward-masked and, thus, invisible emotional (fearful/disgusted) or neutral face was presented as a cue, either at target position or away from the target position. If negative emotional faces capture attention in a stimulus-driven way, we would have expected a cueing effect: better performance where fearful or disgusted facial cues were presented at target position than away from the target. However, no evidence of capture of attention was found, neither in behavior (response times or error rates), nor in event-related lateralizations (N2pc). In Experiment 2, we went one step further and used fearful faces as visible targets, too. Thereby, we sought to boost awareness-independent capture of attention by fearful faces. However, still, we found no significant attention-capture effect. Our results show that fearful facial expressions do not capture attention in an awareness-independent way. Results are discussed in light of existing theories.
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INTRODUCTION

Past research has shown that visual stimuli capture attention based on factors such as task relevance (Folk et al., 1992; Büsel et al., 2020), visual salience (Nothdurft, 1993; Itti et al., 1998; Wang and Theeuwes, 2020), or prior individual experience with these stimuli (Awh et al., 2012). It is more contested, however, if some visual stimuli can capture attention based on their general phylogenetic relevance (cf. Öhman, 1993; Öhman et al., 2001), a prime example of which is the capture and holding of attention by specific emotional facial expressions (e.g., Eastwood et al., 2001; Fox et al., 2001; Vuilleumier, 2005; Bannerman et al., 2010; Van Hooff et al., 2013). Critically, several studies suggested that fearful faces could capture attention even if task-irrelevant (Bannerman et al., 2010) and that this effect could not be ascribed to visual salience alone (Khalid et al., 2017). Khalid et al. (2017) carefully controlled for mere influences of salience by presenting faces as cues either in their cardinal orientation or upside-down. The authors found that task-irrelevant fearful faces only captured attention if presented in their cardinal orientation, indicating that emotion recognition was relevant for the capture of attention (cf. Huynh and Balas, 2014). Salience, in contrast, was insufficient to explain the capture of attention, as salience was the same for cardinal and inverted orientations. The observation of salience independence is critical, as otherwise the visual salience of a particular facial expression itself could capture attention merely through basic visual and emotion-unspecific characteristics (cf. Morris et al., 2002; Horstmann and Bauland, 2006).

Apart from task-irrelevant capture by liminal emotional faces, researchers have looked into electrophysiological data during task-relevant perception of subliminally presented faces at central locations. Findings for early components were indecisive, with some studies showing early differential processing of fearful compared to neutral facial expressions (Kiss and Eimer, 2008; Pegna et al., 2008; Smith, 2012; Zhang et al., 2012, 2017) while others do not (Liddell et al., 2004; Walentowska and Wronka, 2012). In addition, subliminal processing was only verified on a trial-by-trial basis in some studies (Pegna et al., 2008; Smith, 2012; Zhang et al., 2012), of which two found an increased N170 for subliminal fearful faces (Pegna et al., 2008; Smith, 2012).

Here, we went one step further and tested the important question of whether the known capture effects of task-irrelevant fearful faces observed by Khalid et al. (2017) extend to subliminally presented emotional faces, as the general human ability to differentially process subliminal emotional expressions would suggest (cf. Kiss and Eimer, 2008; Pegna et al., 2008). The question is important considering alternative theories arguing for prominent roles of awareness independence vs. awareness dependence in human social and emotional processing abilities. On the one hand, some theories argue that the rapid processing of emotional facial expressions provided a phylogenetic benefit pre-dating consciousness and, thus, the corresponding capture of attention by emotionally significant facial displays could be awareness-independent (Morris et al., 1998; De Gelder et al., 1999; Öhman, 2002; Dolan and Vuilleumier, 2003; Tamietto and De Gelder, 2010). On the other hand, some theories emphasized the role of awareness or consciousness in some social and emotional skills (Frith and Frith, 2007; Frith, 2008). Authors argued for a role of awareness at least for forms of more deliberate social processing, taking intentions into account. Likewise, emotions themselves have been described as the result of both, more automatic and more reflective processes (see, for example, Weiner, 1986). The higher cognitive processes are involved when we have to make sense of the behavior of others. Now, it might seem that the processes triggered by stimuli, such as specific emotional faces, could be relatively simple, sparing the more complex forms of emotional and social processing that depend on awareness. However, in this case it is also important to concede that manipulations of awareness and visibility carry the risk of sacrificing much of this processing efficiency (cf. Hedger et al., 2016).

In the present study, we therefore tested whether masked (subliminal) fearful faces capture attention. In contrast to the classic dot-probe task, where emotional faces are used as cues and an onset stimulus is shown as target (e.g., a dot as location target or an orientated shape as discrimination target; see Mogg and Bradley, 1999; Holmes et al., 2005; Cooper and Langton, 2006; Brosch et al., 2008; Puls and Rothermund, 2018), we used two stimuli in the target display, instead of only one onset target (cf. Wirth and Wentura, 2018, 2019). We applied this variation of the dot-probe paradigm, a visual search task for a predefined face target presented unforeseeably at one of two positions, following Khalid et al. (2017). The visual search for target faces has some decisive advantages compared to the classic dot-probe task with onset targets. In particular, the task of searching for a target face allowed us to vary the task relevance of the masked (subliminal) fearful faces, as we will explain in more detail below.

To start with, prior to the face target, we presented a fearful face as a cue either at the position of the incumbent target (valid condition) or at the alternative position (invalid condition). Although the cues were on average not predictive of the target position, in line with prior studies with supraliminal fearful face cues (cf. Khalid et al., 2017), we expected a validity effect if the subliminal fearful face cues captured attention, too: faster responses to validly cued targets than to invalidly cued targets. However, we were aware that in the small cue-target interval more complex processes could occur than a mere capture of attention and dwelling of attention at the cued position lasting until (or even after) the target is presented. For example, it is possible that cues initially capture attention, but that attention is then deallocated from the cue and shifted back to a neutral position prior to the target (Theeuwes et al., 2000). Likewise, it is possible that the fearful face cue captures attention but that target search is then so easy that one would literally not see any evidence of attention dwelling at the cued position, once target displays have commenced (Gaspelin et al., 2016). Therefore, for our test of attention capture by subliminal fearful face cues, we used a more exhaustive measure than mere reaction time effects. We used the electroencephalogram (EEG) to test for attention-elicited event-related lateralizations (ERLs; Luck and Hillyard, 1994; Luck, 2012). For example, Eimer and Kiss (2007) found attention capture by irrelevant fearful faces in the form of an N2pc, a stronger negativity at about 200–250 ms following stimulus onset at contra-compared to ipsilateral posterior scalp sites that was reflective of an attention shift to stimuli presented to the left or to the right. In addition, such N2pc effects can also be elicited by subliminal stimuli (e.g., color cues; Ansorge et al., 2009). To find out whether a subliminally presented fearful face cue captures attention, we conducted two cueing experiments (Posner, 1980) and used EEG to look for cue-elicited ERLs. In Experiment 1, we used task-irrelevant fearful and disgusted faces as cues, each presented with a task-relevant neutral face at the opposite position. In Experiment 1, we would have expected validity effects by masked fearful faces and maybe by masked disgusted faces if these subliminal cues captured attention in a similar way as their supraliminal counterparts used in Khalid et al. (2017). These authors found orientation-specific cuing effects for fearful faces but orientation-independent cueing effects for disgusted faces, showing that capture by fearful faces is emotion-specific. In the present Experiment 1, participants had to search for neutral face targets, meaning that the fearful face cues were task-irrelevant. However, we admit that we thereby created a relatively conservative test of the fearful face cues’ potential to capture attention, as the task-relevant neutral face stimulus on the opposite side of the fearful face cue would have matched the top-down attentional control settings (or search criterion) of the participants for the targets. Thus, if neutral face stimuli presented opposite to the fearful face cues would capture attention in a top-down contingent way, this would counteract the capture of attention by the task-irrelevant face cue. Therefore, in Experiment 2, we made the negative facial expression of fear task-relevant, in order to boost attention-capture effects by subliminally presented fearful face cues. In both experiments, face cues were presented in upright or in inverted orientation. As in Khalid et al. (2017), this was done to rule out salience as a potential explanation of any cueing effect: If a capture effect was due to salience, we expected to find it both in upright and inverted conditions. However, a capture effect that was due to the specific emotional expression of the cues was expected to only show in the upright orientation, but not in the inverted orientation.



MATERIALS AND METHODS


Participants

Thirteen participants were tested in Experiment 1 (Mage = 24.31 years, SDage = 2.36 years) and 16 in Experiment 2 (Mage = 22.28 years, SDage = 4.41 years). They signed an informed consent form after being informed about their tasks and rights. No approval from the ethics committee of the University of Vienna was necessary (according to the Austrian Universities Act of 2002), as the study did neither offer incidental findings of clinical or diagnostic relevance, nor threaten the participants’ physical or psychological integrity, their right to privacy, other subjective rights, nor other prevailing interests. The duration of the computer experiment was 40 min. Participants sat in a quiet, dimly, and indirectly lit room. Their distance to the screen (60 cm) was kept constant by a chinrest. Including breaks and preparation for electrophysiological data collection, they spent between 2.5 and 3 h in the lab.



Stimuli, Design, Task, and Procedure

The stimuli for this study were a selection from the Karolinska Directed Emotional Faces (KDEF) database (Lundqvist et al., 1998; see also Khalid et al., 2017). The grayscale images included five female and five male faces with fearful, disgusted, and neutral expressions. All images were equated for luminance, contrast, and spectral power and cropped behind a white over layer, to ensure that only the face features were visible (see Figure 1).

[image: Figure 1]

FIGURE 1. Face stimuli used in Experiments 1 and 2 (Lundqvist et al., 1998; Khalid et al., 2017): neutral faces (top row), fearful faces (middle row), and disgusted faces (bottom row). Males are on the left, females on the right.


In our experiments, the images were presented with an eccentricity of 9.2° on the left and right side of the display and subtended a visual angle of 11.2° vertically and 7.5° horizontally. Face identity changed in every trial, face gender was randomized, and potential repetition was limited to five succeeding trials. A fixation cross was displayed in the middle of the screen throughout the trial and preceded stimulus presentation for 1 s. In each trial, we then presented a face cue, defined as bearing an irrelevant negative facial expression (disgusted or fearful; Experiment 1) or a target-search relevant fearful expression (Experiment 2) together with a neutral face as distractor. Each cueing display, thus, consisted of two faces, side by side, one on the left and one on the right: one neutral face distractor and one negative emotional (fearful/disgusted) face cue in Experiment 1; or one fearful face cue and one neutral or disgusted face distractor in Experiment 2. The face cues were either presented upright or inverted (see Table 1 for the experimental designs of Experiments 1 and 2).



TABLE 1. Experimental design of Experiments 1 and 2.
[image: Table1]

To present the face cues subliminally, they were only shown for 50 ms and additionally sandwiched between forward masks (checkerboard structure, 500 ms) and backward masks (scrambled faces, 300 ms; cf. Kahneman, 1968; Esteves and Öhman, 1993). The task was to find the target face (Experiment 1: neutral face; Experiment 2: fearful face) next to a distractor face (Experiment 1: disgusted face; Experiment 2: neutral face) and press a key corresponding to the orientation of the small white T in the center of the target face (Keys #2, #4, #6, and #8 on the keypad of a standard keyboard). The target display was presented for 200 ms (followed by a blank screen until a response was given) and the Ts, which appeared 20 ms after the target faces, were either upright, inverted, flipped to the left, or flipped to the right (see Figure 2), requiring an orientation-compatible button press starting from the central home key (Key #5) to the top, the bottom, to the left, or to the right, respectively. Using four different letter orientations and responses meant that we could create incongruent relations between the two letters in the target display—the one at target position and the one at distractor position—without letters at the distractor position ever specifying the required responses. (For comparison, with only two orientations and responses, using only incongruent letter orientations would have meant that the letter at distractor position would have informed about the required response, too. This was to be prevented, as participants would otherwise not have to search and could simply wait for the stimulus at a single pre-selected location and respond to it depending on a combination of facial expression and letter orientation).

[image: Figure 2]

FIGURE 2. Exemplary trial sequence of Experiment 1. The target face (neutral face) is at the right side, the distractor (disgusted face) on the left. In the cueing display, the neutral face is on the right side, and the fearful face cue is at the left (distractor position in the target display, hence, an invalid trial). Stimuli are not drawn to scale.


Before starting with the main experiment (eight blocks à 60 trials), participants completed 10 practice trials. To verify the subliminal presentation of the face cues, we included two dual-task blocks (à 60 trials) after the main-task blocks. Here, in addition to the main task, the question on which side of the cueing display the neutral face was presented in Experiment 1 or on which side the fearful face was shown in Experiment 2, had to be answered by keypress.



Data Collection and Preprocessing

The monitor used for visual presentation was a 19” VGA monitor (1,024 × 786 pixels; refresh rate: 59 Hz). The experiments were programmed and conducted with the Psychophysics Toolbox (Brainard, 1997) in MATLAB (2013, The MathWorks, Natick, MA). We collected electrophysiological data with 64 active electrodes (actiCAP, Brain Products GmbH, Gilching, Germany) in a 10/10 system cap (EASYCAP GmbH, Herrsching, Germany) at a sampling rate of 1,000 Hz with a neuroConn amplifier (neuroConn GmbH, Ilmenau, Germany). The ground electrode (AFZ) was used as online reference during recording. For offline re-referencing, we calculated the average of both mastoids. We applied a 40 Hz low-pass finite impulse response filter (cutoff 45 Hz; transition band width 10 Hz). The horizontal electrooculogram (HEOG) was attained by the difference between the two electrodes positioned at the outer canthi. Trial rejection was done separately for every channel. Here, trials with very low activity (less than 0.5 μV difference between subsequent samples within a period of 500 ms), very high signal changes (more than 50 μV/ms), values exceeding 80 μV, HEOG exceeding ±30 μV, and vertical eye movements or blinks (Fp1/Fp2 ± 60 μV) were removed (19.3% in Exp. 1, 26.18% in Exp. 2), as well as trials with wrong behavioral responses. EEG data was processed in MATLAB using the EEGLAB toolbox (Delorme and Makeig, 2004) with the ERPLAB extension (Lopez-Calderon and Luck, 2014). For analyses of event-related potentials (ERPs), we extracted mean amplitudes between two fixed latencies and analyzed them in R (R Core Team, 2017) using the packages apa (Gromer, 2017) and ez (Lawrence, 2016). The respective time windows were chosen based on the literature and refined using visual inspection of collapsed waveforms (collapsed-localizers method; Luck and Gaspelin, 2017).




EXPERIMENT 1

In Experiment 1, we wanted to find out whether task-irrelevant, subliminally presented fearful facial expressions automatically capture attention and to what extent this effect could be specific to fear vs. disgust. To note, fear has an arguably higher potential to capture attention in an emotion-specific (orientation-dependent) way (cf. Khalid et al., 2017). Participants were instructed to search for a neutral face. Prior to the target faces, we presented participants both neutral cue distractors and negative emotional (fearful or disgusted) face cues, which were oriented either upright or inverted.


Hypotheses

If the task-irrelevant fearful faces captured attention in an awareness-independent fashion, we expected to find an N2pc component to the face cues in the cueing display, depending on the position of the fearful face. In addition, we expected to find cueing effects in the behavioral data: faster responses and fewer errors for valid trials (fearful cue at neutral target’s position) than invalid trials (fearful cue at opposite side of neutral target’s position). If the capture effect was fear-specific, we expected to see the validity effect in the conditions with fearful face cues only. However, if the effect is due to the negativity of the emotional valences, we expected to see the validity effect for both fear and disgust cues. In addition, if the effect was face- and, thus, emotion-specific, we expected to see more capture in upright than in inverted face-distractor conditions (cf. McKelvie, 1995; Khalid et al., 2017). Critically, if we found no such effects for any of the negative emotional face cues, but for the neutral face distractors (which are congruent with the search goal), we would conclude that task relevance overrides the evolutionary salience of negative facial expressions.

For the additional visibility or awareness test of the masked cues in the dual-task phase (identifying presentation side of neutral face cue), we expected a discrimination accuracy at chance level if cue faces were presented subliminally, as subliminal presentation should not allow for awareness and, hence, prevent correct classification of the masked facial expressions.



Event-Related Potentials

To find evidence of attention capture by fearful or negative emotional face cues in the electrophysiological data, we looked at the N2pc component. It usually occurs between 200 and 300 ms after stimulus onset at the electrode sites PO7 and PO8, with a more negative distribution at the electrode on the hemisphere contralateral to the presentation side of the attended stimulus (e.g., Luck and Hillyard, 1994; Eimer and Kiss, 2007; Jolicæur et al., 2008), also under masked conditions (Woodman and Luck, 2003; Ansorge et al., 2009). After visual inspection of collapsed data (see Figure 3), we set the time window for the N2pc to 190–240 ms.

[image: Figure 3]

FIGURE 3. (A) Event-related potentials (ERPs) in Experiment 1 after cue onset collapsed over experimental conditions. Activity contralateral to negative emotional face cues is represented by a solid line, ipsilateral by a dotted line. (B) Scalp topographies for left/right cue presentation and the difference (in μV) averaged over 190–240 ms after cue onset (N2pc).


As we were interested in attention capture by the masked task-irrelevant negative face cues, the N2pc was defined based on the location of the fearful/disgusted face cues in the cueing display. One participant had to be excluded from the EEG analysis because of insufficient data quality. With the data of the remaining 12 participants, we ran an analysis of variance (ANOVA) with the mean amplitude values as dependent variables, and the independent variables Hemisphere (contra- or ipsilateral), Orientation (upright or inverted) and Negative Emotion of the cue (fearful or disgusted). We found no significant effects, all Fs(1, 11) < 0.86, all ps > 0.373, all [image: image]s < 0.07 (see Figure 4). In addition, we calculated the Bayes factor using JASP (JASP Team, 2019) for the same models included in the ANOVA. All respective Bayes factors for the N2pc (factor Hemisphere) showed substantial evidence for the H0 (no difference), all BF10 < 0.307, see Table 2.

[image: Figure 4]

FIGURE 4. Differences in contra- minus ipsilateral event-related potentials (ERPs) in Experiment 1 after cue onset, depending on Negative Emotion and Orientation of the cue.




TABLE 2. Bayes factors (BF10) for main effect and interaction models with mean amplitude differences (N2pc) of Experiments 1 and 2, as well as for the combined analysis of both experiments.
[image: Table2]



Behavioral Results

For the main task, we calculated ANOVAs, with the independent variables Orientation (upright or inverted cues), Validity (emotional face in cueing display at same or different position as/than the neutral face in the target display), and Negative Emotion of the cue (fearful or disgusted face cue; to find possible differences between masked fearful and disgusted negative expressions). For the analysis of reaction times (RTs), only correct responses within two SDs from the median per person per condition were included (72.1%). There were no significant results, neither for the RTs, all Fs(1, 12) < 1.43, all ps > 0.225, all [image: image]s < 0.11, nor the accuracies (ACCs), all Fs(1, 12) < 4.13, all ps > 0.065, all [image: image]s < 0.26 (see Figure 5 and Table 3). The respective Bayes factors showed no evidence for the main effect of Validity (RT: BF10 = 0.475; ACCs: BF10 = 0.412) and evidence for the H0 (no difference) for all other models (all BF10 < 0.282; ACCs: all BF10 < 0.306; see Table 4 for all BF10s).

[image: Figure 5]

FIGURE 5. Experiment 1: Mean validity effect (VE) in reaction times (RTs; invalid minus valid; blue bars) and accuracies (ACCs; valid minus invalid; green bars) depending on Cue Orientation (upright; inverted). Error bars represent 95% confidence intervals.




TABLE 3. Mean reaction times (RTs) in ms and accuracies (ACCs) in % of Experiments 1 and 2 depending on validity and cue orientation.
[image: Table3]



TABLE 4. Bayes factors (BF10) for main effect and interaction models with reaction times (RTs) and accuracies (ACCs) of Experiments 1 and 2, as well as for the combined analysis of both experiments.
[image: Table4]

To verify subliminal presentation of the face cues, we analyzed cue-discrimination performance (in the dual-task phase only). In 49.7%, the position of the cue was reported correctly. This value does not differ significantly from chance performance (50%), t(12) = −0.31, p = 0.762, d = −0.09.




EXPERIMENT 2

In Experiment 1, neither the task-irrelevant masked negative emotional cues nor the search-goal congruent, task-relevant emotionally neutral face cues were strong enough to elicit attention capture effects. As masked emotional and task-relevant faces were presented simultaneously in the cueing display, their respective capture effects might have cancelled each other out. To boost the effect of the subliminal negative expressions, in Experiment 2, we changed the task: Now, participants had to search for a fearful expression in the target display (and report the orientation of a letter T there). In this situation, the masked fearful cue face became task-relevant, as it shared its type of emotional expression with the target. As the fearful cue face was both task-relevant and (evolutionary) salient, its ability to capture attention should have been enhanced. By the same logic, the masked neutral face in the cueing display was now task-irrelevant. It was expected to lose the power it may have had to capture attention in a top-down contingent way in Experiment 1. All in all, the chances for capture of attention by the subliminal fearful cue faces relative to the neutral distractor faces was, thus, enhanced in Experiment 2 relative to that of the fearful face distractors in Experiment 1.


Hypotheses

If subliminal fearful faces can capture attention, we expected to find an N2pc, as well as validity effects in behavioral data based on the position of the fearful cue faces, as those masked faces were now relevant, as they carried an expression shared by the targets. To note, each fearful face target in Experiment 2 was accompanied by a neutral face distractor, so that participants had to search for the target by its facial expression. However, as participants might have also based their search for the targets on the targets’ negative emotional expressions rather than on the particular emotional expression of fear, emotionally negative disgusted masked face distractors in the cueing displays might have captured attention in a top-down dependent way, too. In any case, the capture effects should have been weaker for the masked neutral face distractors. In line with our hypotheses for Experiment 1, these effects should only be present or at least be stronger for upright cues (if the effects are due to emotions rather than salience per se), and discrimination performance of masked faces in the dual-task phase should have been at chance level.



Event-Related Potentials

As in Experiment 1, we calculated the N2pc based on the location of the emotional (fearful and disgusted) masked cue faces. As the latencies were slightly shifted in Experiment 2 (see Figure 6 for ERPs collapsed over experimental conditions), we set the time window of our analysis to 200–250 ms after cue onset.

[image: Figure 6]

FIGURE 6. (A) Event-related potentials (ERPs) in Experiment 2 after cue onset collapsed over experimental conditions. Activity contralateral to the fearful emotional cue is represented by a solid line, ipsilateral by a dotted line. (B) Scalp topographies for left/right cue presentation and difference (in μV) averaged over 200–250 ms after cue onset (N2pc).


We ran an ANOVA with the mean amplitude values as dependent variable, and the independent variables Hemisphere (contra- or ipsilateral), Orientation (upright or inverted), and Distractor Emotion (disgusted or neutral distractor in the cueing display). We found no significant effects, all Fs(1, 15) < 2.32, all ps > 0.149, all [image: image]s < 0.13 (see Figure 7). The Bayes factor for the main effect of Negative Emotion contained no evidence, BF10 = 0.824, while all other BF10 < 0.270 yielded evidence for the H0 (no difference; see Table 2 for all Bayes factors).

[image: Figure 7]

FIGURE 7. Differences in contra- minus ipsilateral event-related potentials (ERPs) in Experiment 2 after cue onset depending on cueing displays’ Distractor Emotion and Cue Orientation.




Behavioral Results

In line with the analysis in Experiment 1, we calculated ANOVAs, with the independent variables Orientation (upright or inverted cues), Validity (fearful face in cueing and target display at same position or different positions), and Distractor Emotion (neutral or disgusted distractor in the cueing display; in order to find possible differences between distraction by emotional and non-emotional distractors). Only correct responses within 2 SDs from the median per person per condition were included for analysis of the RTs (74.0%). In the ANOVA, nothing was significant, all Fs(1, 15) < 2.66, all ps > 0.124, all [image: image]s < 0.15. For the ACCs, only the main effect of validity was significant, F(1, 15) = 7.91, p = 0.013, [image: image] = 0.35, and nothing else, all Fs(1, 15) < 2.98, all ps > 0.105, all [image: image]s < 0.17. Contrary to our expectations, participants gave more correct answers when the fearful cue was at the target display’s distractor position (79.1%), compared to target position (77.8%; see Figure 8 and Table 3). The Bayes factor for the same models that were included in the ANOVA yielded evidence for the H0 (no difference) in the RTs, all BF10 < 0.296. In the ACCs, the main effect of Validity showed no evidence: BF10 = 0.627, all other BF10 < 0.218 yielded evidence for the H0 (no difference; see Table 4 for all BF10s).

[image: Figure 8]

FIGURE 8. Experiment 2: Mean validity effect (VE) in reaction times (RTs; invalid minus valid; blue bars) and accuracies (ACCs; valid minus invalid; green bars) depending on Orientation (upright; inverted). Error bars represent 95% confidence intervals.


Analysis of cue-discrimination performance in the dual-task phase showed that participants were able to discriminate the position of the fearful cue with a mean probability of 52.9%, which is slightly better than chance performance, t(15) = 2.51, p = 0.024, d = 0.63.




POWER CALCULATIONS AND ADDITIONAL ANALYSES

To account for the relatively small sample size, we analyzed the N2pc component to the masked cue face pooled over Experiments 1 and 2. An ANOVA with the mean amplitude values from the separate analyses and the independent variables Hemisphere (contra- or ipsilateral) and Orientation (upright or inverted), again, revealed no significant effects, all Fs(1, 27) < 1.73, all ps > 0.200, all [image: image]s < 0.06. In addition, the BF10 = 0.206 (main effect N2pc) yields substantial evidence for the H0 (see Table 2 for a complete list of BF10s). A post hoc power analysis for the N2pc shows that with an N = 28 (α = 0.05, power = 0.8, one-sided), medium-sized effects (down to 0.48) could have been found.

In addition, we combined the behavioral data from Experiments 1 and 2 and did pooled analyses with RTs and ACCs and the independent variables Validity (valid/invalid) and Orientation (upright/inverted), as a post hoc power analysis (α = 0.05, power = 0.8) for the separate analyses revealed that only big effects (Exp. 1: d = 0.73; Exp. 2: d = 0.65) could have been found. In the pooled analysis (N = 29), still no effects were found for the RTs, all Fs(1, 28) < 0.79, all ps > 0.383, all [image: image]s < 0.03. For the ACCs, in line with the separate results from Exp. 2, only the main effect of Validity was significant, F(1, 28) = 7.92, p = 0.006, [image: image] = 0.24 (valid: 76.8%; invalid 77.9%). See Table 4 for Bayes factors. Participants made more errors in valid than invalid cases. This might be caused by the relatively long interval between cue and target (350 ms), which was needed to analyze ERPs to the cue without distortion by the target screen. According to Klein (2000), this time interval might already subject processing at cued locations to some counteracting influences of inhibition of return.



GENERAL DISCUSSION

To examine attention capture by subliminally presented fearful facial expressions, we conducted two experiments and analyzed electrophysiological (lateralized ERPs) and behavioral data (RTs and ACCs). In Experiment 1, we found no evidence for attention capture by task-irrelevant, subliminally presented fearful facial expressions, neither in ERPs, nor in behavioral data. As the ipsilateral activity after cue onset was numerically even more negative than the contralateral (see Figure 3), which would represent an N2pc to the task-relevant neutral face, the attention-capture effects by the task-relevant neutral and task-irrelevant negative faces might have diminished each other. Therefore, in Experiment 2, we made the negative facial expression (fearful face) task-relevant. If in Experiment 1, both task-irrelevant fearful and task-relevant neutral faces competed for attention, in Experiment 2, the effects of task relevance and fearful emotion should add up. Against our expectations, we again found no significant validity effects in Experiment 2. As even task relevance could not enable subliminal faces to capture attention, we can conclude that conscious perception is a prerequisite for attention capture by fearful expressions.

In general, some “pre-attentive” discrimination of visual features related to emotional facial expressions is possible for faces presented in the periphery (e.g., Pizzagalli et al., 1999; Rigoulot et al., 2011, 2012; Calvo et al., 2014; Towler and Eimer, 2015). Yet, the peripheral presentation of our faces might have impeded effects in later occurring ERPs, as peripheral presentation of faces at both peripheral locations somehow masks the strongly delayed ipsi- vs. contralateral ERPs (see Takamiya et al., 2020; Schindler et al., 2022). Also for centrally presented well visible fearful faces (presented for 50–100 ms; unmasked), differential effects disappear at the level of the N2/EPN when attending to overlaid perceptual information (Schindler et al., 2020a; Steinweg et al., 2021) or under conditions of peripheral load (e.g., see Schindler et al., 2020b, 2021).

At face value, the conclusion that awareness might be necessary for capture of attention by peripheral fearful faces cues (or other, e.g., neutral facial expressions if task-relevant) seems to be inconsistent with some past findings (Morris et al., 1998; Dolan and Vuilleumier, 2003; Tamietto and De Gelder, 2010; Rohr et al., 2012; Rohr and Wentura, 2021). However, it should be noted that many of these studies did not control for salience differences between different masked stimuli, and when this possibility was tested, it turned out that salience was probably involved in the processing of subliminal fearful faces (Morris et al., 2002). In contrast, in the current study, we took great care to equate different stimuli in terms of their salience. In addition, studies showing assumedly subliminal processing of fearful faces are often not using the most convincing visibility tests, so that some of the processing of these stimuli could be due to residual visibility of the fearful faces (cf. Hedger et al., 2016). Finally, we presented subliminal face cues at unattended positions to test whether they capture attention. In contrast, many prior studies with masked fearful faces presented the subliminal stimuli at attended locations (e.g., Rohr et al., 2012). To the degree that directing spatial attention to a face facilitates the processing of its features (but see Finkbeiner and Palermo, 2009, for evidence to the opposite), our procedure would simply not be sensitive to these kinds of attention-dependent processing.

The present results are, thus, also in line with a view that stresses that some forms of processing facial emotional expressions of humans could require awareness (Hedger et al., 2016). We note, however, that our procedure was challenging for the participants, as we always presented two faces side by side and, thus, two relatively interesting and informative stimuli competed for our participants’ attention. It could be that the chances for the expression of awareness-independent capture of attention by subliminal fearful faces are better under less challenging conditions. Yet, we also wanted to point out that supraliminal face cues would pass the test even with the currently employed relatively high demands (cf. Khalid et al., 2017).



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MK and UA designed the experiments. TD programed the experiments. MK collected the data. DB analyzed the data. DB and UA wrote the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

 Ansorge, U., Kiss, M., and Eimer, M. (2009). Goal-driven attentional capture by invisible colors: evidence from event-related potentials. Psychon. Bull. Rev. 16, 648–653. doi: 10.3758/PBR.16.4.648 

 Awh, E., Belopolsky, A. V., and Theeuwes, J. (2012). Top-down versus bottom-up attentional control: a failed theoretical dichotomy. Trends Cogn. Sci. 16, 437–443. doi: 10.1016/j.tics.2012.06.010 

 Bannerman, R. L., Milders, M., and Sahraie, A. (2010). Attentional bias to brief threat-related faces revealed by saccadic eye movements. Emotion 10, 733–738. doi: 10.1037/a0019354 

 Brainard, D. H. (1997). The psychophysics toolbox. Spat. Vis. 10, 433–436. doi: 10.1163/156856897X00357

 Brosch, T., Sander, D., Pourtois, G., and Scherer, K. R. (2008). Beyond fear: rapid spatial orienting toward positive emotional stimuli. Psychol. Sci. 19, 362–370. doi: 10.1111/j.1467-9280.2008.02094.x

 Büsel, C., Voracek, M., and Ansorge, U. (2020). A meta-analysis of contingent-capture effects. Psychol. Res. 84, 784–809. doi: 10.1007/s00426-018-1087-3 

 Calvo, M. G., Fernández-Martín, A., and Nummenmaa, L. (2014). Facial expression recognition in peripheral versus central vision: role of the eyes and the mouth. Psychol. Res. 78, 180–195. doi: 10.1007/s00426-013-0492-x 

 Cooper, R. M., and Langton, S. R. H. (2006). Attentional bias to angry faces using the dot-probe task? It depends when you look for it. Behav. Res. Ther. 44, 1321–1329. doi: 10.1016/j.brat.2005.10.004 

 De Gelder, B., Vroomen, J., Pourtois, G., and Weiskrantz, L. (1999). Non-conscious recognition of affect in the absence of striate cortex. Neuroreport 10, 3759–3763. doi: 10.1097/00001756-199912160-00007 

 Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including independent component analysis. J. Neurosci. Methods 134, 9–21. doi: 10.1016/j.jneumeth.2003.10.009 

 Dolan, R. J., and Vuilleumier, P. (2003). Amygdala automaticity in emotional processing. Ann. N. Y. Acad. Sci. 985, 348–355. doi: 10.1111/j.1749-6632.2003.tb07093.x 

 Eastwood, J. D., Smilek, D., and Merikle, P. M. (2001). Differential attentional guidance by unattended faces expressing positive and negative emotion. Percept. Psychophys. 63, 1004–1013. doi: 10.3758/BF03194519 

 Eimer, M., and Kiss, M. (2007). Attentional capture by task-irrelevant fearful faces is revealed by the N2pc component. Biol. Psychol. 74, 108–112. doi: 10.1016/j.biopsycho.2006.06.008 

 Esteves, F., and Öhman, A. (1993). Masking the face: recognition of emotional facial expressions as a function of the parameters of backward masking. Scand. J. Psychol. 34, 1–18. doi: 10.1111/j.1467-9450.1993.tb01096.x 

 Finkbeiner, M., and Palermo, R. (2009). The role of spatial attention in nonconscious processing: a comparison of face and nonface stimuli. Psychol. Sci. 20, 42–51. doi: 10.1111/j.1467-9280.2008.02256.x 

 Folk, C. L., Remington, R. W., and Johnston, J. C. (1992). Involuntary covert orienting is contingent on attentional control settings. J. Exp. Psychol. Hum. Percept. Perform. 18, 1030–1044. doi: 10.1037/0096-1523.18.4.1030 

 Fox, E., Russo, R., Bowles, R., and Dutton, K. (2001). Do threatening stimuli draw or hold visual attention in subclinical anxiety? J. Exp. Psychol. Gen. 130, 681–700. doi: 10.1037/0096-3445.130.4.681 

 Frith, C. D. (2008). Social cognition. Philos. Trans. R. Soc. B Biol. Sci. 363, 2033–2039. doi: 10.1098/rstb.2008.0005 

 Frith, C. D., and Frith, U. (2007). Social cognition in humans. Curr. Biol. 17, R724–R732. doi: 10.1016/j.cub.2007.05.068

 Gaspelin, N., Ruthruff, E., and Lien, M.-C. (2016). The problem of latent attentional capture: easy visual search conceals capture by task-irrelevant abrupt onsets. J. Exp. Psychol. Hum. Percept. Perform. 42, 1104–1120. doi: 10.1037/xhp0000214 

 Gromer, D. (2017). apa: Format Outputs of Statistical Tests According to APA Guidelines. R package version 0.3.3. Available at: https://CRAN.R-project.org/package=apa

 Hedger, N., Gray, K. L. H., Garner, M., and Adams, W. J. (2016). Are visual threats prioritized without awareness? A critical review and meta-analysis involving 3 behavioral paradigms and 2696 observers. Psychol. Bull. 142, 934–968. doi: 10.1037/bul0000054 

 Holmes, A., Green, S., and Vuilleumier, P. (2005). The involvement of distinct visual channels in rapid attention towards fearful facial expressions. Cognit. Emot. 19, 899–922. doi: 10.1080/02699930441000454

 Horstmann, G., and Bauland, A. (2006). Search asymmetries with real faces: testing the anger-superiority effect. Emotion 6, 193–207. doi: 10.1037/1528-3542.6.2.193 

 Huynh, C. M., and Balas, B. (2014). Emotion recognition (sometimes) depends on horizontal orientations. Atten. Percept. Psychophysiol. 76, 1381–1392. doi: 10.3758/s13414-014-0669-4 

 Itti, L., Koch, C., and Niebur, E. (1998). A model of saliency-based visual attention for rapid scene analysis. IEEE Trans. Pattern Anal. Mach. Intell. 20, 1254–1259. doi: 10.1109/34.730558

 JASP, Team (2019). JASP (Version 0.14.1). Available at: https://jasp-stats.org/

 Jolicæur, P., Brisson, B., and Robitaille, N. (2008). Dissociation of the N2pc and sustained posterior contralateral negativity in a choice response task. Brain Res. 1215, 160–172. doi: 10.1016/j.brainres.2008.03.059 

 Kahneman, D. (1968). Method, findings, and theory in studies of visual masking. Psychol. Bull. 70, 404–425. doi: 10.1037/h0026731 

 Khalid, S., Horstmann, G., Ditye, T., and Ansorge, U. (2017). Measuring the emotion-specificity of rapid stimulus-driven attraction of attention to fearful faces: evidence from emotion categorization and a comparison with disgusted faces. Psychol. Res. 81, 508–523. doi: 10.1007/s00426-016-0743-8 

 Kiss, M., and Eimer, M. (2008). ERPs reveal subliminal processing of fearful faces. Psychophysiology 45, 318–326. doi: 10.1111/j.1469-8986.2007.00634.x 

 Klein, R. M. (2000). Inhibition of return. Trends Cogn. Sci. 4, 138–147. doi: 10.1016/S1364-6613(00)01452-2

 Lawrence, M. A. (2016). ez: Easy Analysis and Visualization of Factorial Experiments. R package version 4.4-0. Available at: https://CRAN.R-project.org/package=ez

 Liddell, B. J., Williams, L. M., Rathjen, J., Shevrin, H., and Gordon, E. (2004). A temporal dissociation of subliminal versus supraliminal fear perception: an event-related potential study. J. Cogn. Neurosci. 16, 479–486. doi: 10.1162/089892904322926809 

 Lopez-Calderon, J., and Luck, S. J. (2014). ERPLAB: an open-source toolbox for the analysis of event-related potentials. Front. Hum. Neurosci. 8:213. doi: 10.3389/fnhum.2014.00213 

 Luck, S. J. (2012). “Electrophysiological correlates of the focusing of attention within complex visual scenes: N2pc and related ERP components,” in The Oxford Handbook of Event-Related Potential Components. eds. S. J. Luck and E. S. Kappenman (Oxford, UK: Oxford University Press), 329–360.

 Luck, S. J., and Gaspelin, N. (2017). How to get statistically significant effects in any ERP experiment (and why you shouldn’t). Psychophysiology 54, 146–157. doi: 10.1111/psyp.12639 

 Luck, S. J., and Hillyard, S. A. (1994). Electrophysiological correlates of feature analysis during visual search. Psychophysiology 31, 291–308. doi: 10.1111/j.1469-8986.1994.tb02218.x 

 Lundqvist, D., Flykt, A., and Öhman, A. (1998). The Karolinska directed emotional faces (KDEF). CD ROM from Department of Clinical Neuroscience, Psychology section, Karolinska Institutet, 91–630.

 McKelvie, S. J. (1995). Emotional expression in upside- down faces: evidence for configurational and componential processing. Br. J. Soc. Psychol. 34, 325–334. doi: 10.1111/j.2044-8309.1995.tb01067.x 

 Mogg, K., and Bradley, B. P. (1999). Orienting of attention to threatening facial expressions presented under conditions of restricted awareness. Cognit. Emot. 13, 713–740. doi: 10.1080/026999399379050

 Morris, J. S., deBonis, M., and Dolan, R. J. (2002). Human amygdala responses to fearful eyes. NeuroImage 17, 214–222. doi: 10.1006/nimg.2002.1220

 Morris, J. S., Öhman, A., and Dolan, R. J. (1998). Conscious and unconscious emotional learning in the human amygdala. Nature 393, 467–470. doi: 10.1038/30976 

 Nothdurft, H. C. (1993). The role of features in preattentive vision: comparison of orientation, motion and color cues. Vis. Res. 33, 1937–1958. doi: 10.1016/0042-6989(93)90020-W 

 Öhman, A. (1993). “Fear and anxiety as emotional phenomenon: clinical phenomenology, evolutionary perspectives, and information-processing mechanisms,” in Handbook of Emotions. eds. M. Lewis and J. M. Haviland (New York: Guilford Press), 511–536.

 Öhman, A. (2002). Automaticity and the amygdala: nonconscious responses to emotional faces. Curr. Dir. Psychol. Sci. 11, 62–66. doi: 10.1111/1467-8721.00169

 Öhman, A., Flykt, A., and Esteves, F. (2001). Emotion drives attention: detecting the snake in the grass. J. Exp. Psychol. Gen. 130, 466–478. doi: 10.1037/0096-3445.130.3.466 

 Pegna, A. J., Landis, T., and Khateb, A. (2008). Electrophysiological evidence for early non-conscious processing of fearful facial expressions. Int. J. Psychophysiol. 70, 127–136. doi: 10.1016/j.ijpsycho.2008.08.007 

 Pizzagalli, D., Regard, M., and Lehmann, D. (1999). Rapid emotional face processing in the human right and left brain hemispheres: an ERP study. Neuroreport 10, 2691–2698. doi: 10.1097/00001756-199909090-00001

 Posner, M. I. (1980). Orienting of attention. Q. J. Exp. Psychol. 32, 3–25. doi: 10.1080/00335558008248231

 Puls, S., and Rothermund, K. (2018). Attending to emotional expressions: no evidence for automatic capture in the dot-probe task. Cognit. Emot. 32, 450–463. doi: 10.1080/02699931.2017.1314932 

 R Core, Team (2017). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. Available at: https://www.R-project.org/

 Rigoulot, S., D’Hondt, F., Defoort-Dhellemmes, S., Despretz, P., Honoré, J., and Sequeira, H. (2011). Fearful faces impact in peripheral vision: behavioral and neural evidence. Neuropsychologia 49, 2013–2021. doi: 10.1016/j.neuropsychologia.2011.03.031 

 Rigoulot, S., D’Hondt, F., Honoré, J., and Sequeira, H. (2012). Implicit emotional processing in peripheral vision: behavioral and neural evidence. Neuropsychologia 50, 2887–2896. doi: 10.1016/j.neuropsychologia.2012.08.015 

 Rohr, M., Degner, J., and Wentura, D. (2012). Masked emotional priming beyond global valence activations. Cognit. Emot. 26, 224–244. doi: 10.1080/02699931.2011.576852 

 Rohr, M., and Wentura, D. (2021). Degree and complexity of non-conscious emotional information processing–a review of masked priming studies. Front. Hum. Neurosci. 15:329. doi: 10.3389/fnhum.2021.689369 

 Schindler, S., Bruchmann, M., Steinweg, A.-L., Moeck, R., and Straube, T. (2020a). Attentional conditions differentially affect early, intermediate and late neural responses to fearful and neutral faces. Soc. Cogn. Affect. Neurosci. 15, 765–774. doi: 10.1093/scan/nsaa098 

 Schindler, S., Busch, N., Bruchmann, M., Wolf, M.-I., and Straube, T. (2022). Early ERP functions are indexed by lateralized effects to peripherally presented emotional faces and scrambles. Psychophysiology 59:e13959. doi: 10.1111/psyp.13959 

 Schindler, S., Caldarone, F., Bruchmann, M., Moeck, R., and Straube, T. (2020b). Time-dependent effects of perceptual load on processing fearful and neutral faces. Neuropsychologia 146:107529. doi: 10.1016/j.neuropsychologia.2020.107529 

 Schindler, S., Tirloni, C., Bruchmann, M., and Straube, T. (2021). Face and emotional expression processing under continuous perceptual load tasks: an ERP study. Biol. Psychol. 161:108056. doi: 10.1016/j.biopsycho.2021.108056 

 Smith, M. L. (2012). Rapid processing of emotional expressions without conscious awareness. Cereb. Cortex 22, 1748–1760. doi: 10.1093/cercor/bhr250 

 Steinweg, A.-L., Schindler, S., Bruchmann, M., Moeck, R., and Straube, T. (2021). Reduced early fearful face processing during perceptual distraction in high trait anxious participants. Psychophysiology 58:e13819. doi: 10.1111/psyp.13819 

 Takamiya, N., Maekawa, T., Yamasaki, T., Ogata, K., Yamada, E., Tanaka, M., et al. (2020). Different hemispheric specialization for face/word recognition: a high-density ERP study with hemifield visual stimulation. Brain Behav. 10:e01649. doi: 10.1002/brb3.1649 

 Tamietto, M., and De Gelder, B. (2010). Neural bases of the non-conscious perception of emotional signals. Nat. Rev. Neurosci. 11, 697–709. doi: 10.1038/nrn2889 

 Theeuwes, J., Atchley, P., and Kramer, A. F. (2000). “On the time course of top-down and bottom-up control of visual attention,” in Control of Cognitive Processes: Attention and Performance XVIII. eds. S. Monsell and J. Driver (Cambridge, MA: MIT Press), 105–124.

 Towler, J., and Eimer, M. (2015). Early stages of perceptual face processing are confined to the contralateral hemisphere: evidence from the N170 component. Cortex 64, 89–101. doi: 10.1016/j.cortex.2014.09.013 

 Van Hooff, J. C., Devue, C., Vieweg, P. E., and Theeuwes, J. (2013). Disgust-and not fear-evoking images hold our attention. Acta Psychol. 143, 1–6. doi: 10.1016/j.actpsy.2013.02.001

 Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional attention. Trends Cogn. Sci. 9, 585–594. doi: 10.1016/j.tics.2005.10.011 

 Walentowska, W., and Wronka, E. (2012). Trait anxiety and involuntary processing of facial emotions. Int. J. Psychophysiol. 85, 27–36. doi: 10.1016/j.ijpsycho.2011.12.004 

 Wang, B., and Theeuwes, J. (2020). Salience determines attentional orienting in visual selection. J. Exp. Psychol. Hum. Percept. Perform. 46, 1051–1057. doi: 10.1037/xhp0000796 

 Weiner, B. (1986). “Attribution, emotion, and action,” in Handbook of Motivation and Cognition: Foundations of Social Behavior. eds. R. M. Sorrentino and E. T. Higgins (New York, NY: Guilford Press), 281–312.

 Wirth, B. E., and Wentura, D. (2018). Attentional bias to threat in the general population is contingent on target competition, not on attentional control settings. Q. J. Exp. Psychol. 71, 975–988. doi: 10.1080/17470218.2017.1307864

 Wirth, B. E., and Wentura, D. (2019). Attentional bias towards angry faces is moderated by the activation of a social processing mode in the general population. Cognit. Emot. 33, 1317–1329. doi: 10.1080/02699931.2018.1561423 

 Woodman, G. F., and Luck, S. J. (2003). Dissociations among attention, perception, and awareness during object-substitution masking. Psychol. Sci. 14, 605–611. doi: 10.1046/j.0956-7976.2003.psci_1472.x 

 Zhang, D., Liu, Y., Wang, L., Ai, H., and Luo, Y. (2017). Mechanisms for attentional modulation by threatening emotions of fear, anger, and disgust. Cogn. Affect. Behav. Neurosci. 17, 198–210. doi: 10.3758/s13415-016-0473-9 

 Zhang, D., Wang, L., Luo, Y., and Luo, Y. (2012). Individual differences in detecting rapidly presented fearful faces. PLoS One 7:e49517. doi: 10.1371/journal.pone.0049517 


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Baier, Kempkes, Ditye and Ansorge. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/inline_1.jpg
)y





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Do Subliminal Fearful Facial Expressions Capture Attention?



		Introduction



		Materials and Methods



		Participants



		Stimuli, Design, Task, and Procedure



		Data Collection and Preprocessing









		Experiment 1



		Hypotheses



		Event-Related Potentials



		Behavioral Results









		Experiment 2



		Hypotheses



		Event-Related Potentials



		Behavioral Results









		Power Calculations and Additional Analyses



		General Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References



















OPS/images/fpsyg-13-840746-t004.jpg
Exp.1 Exp.2 Exp.1and 2
Model

RT Acc RT Acc RT Acc
Validity 0475 0306 0198 0627 0330 0836
Orientation 0282 0250 0194 0.185 0243 0210
Emotion 0223 0412 0296 0218 na. na
Valicity x Orientation 0134 0077 0040 0119 0080 0187
Validity x Emotion 0.103 0.128 0.042 0.142 na. na.
Orientation x Emotion 0063 0.102 0040 0041 na. na.
Validity x Orientation x Emotion 0,028 0.032 0.008 0,027 na. na.





OPS/images/inline_2.jpg
)y





OPS/images/inline_10.jpg
)y





OPS/images/fpsyg-13-840746-t003.jpg
Exp.1 Exp.2
Validity ~ Orientation

RTs ACCs RTs AcCs

Valid Upright 769 763 693 780
Inverted 784 74.8 691 776

invaiid Upright 757 76.4 685 788

Inverted 763 76.5 692 79.4





OPS/images/fpsyg-13-840746-t002.jpg
Model -
Exp.1 Exp.2  Exp.1and2
Hemisphere 0245 0207 0206
Orientation 0307 0270 0313
Emotion 0274 0824 na
Hemisphere x Orientation 0076 0053 0063
Hemisphere x Emotion 0089 0.169 na.
Orientation x Emotion 0067 0220 na
Hemisphere  Orientation xEmotion 0021 0044 na





OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Do Subliminal Fearful Facial
Expressions Capture Attention?









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology





OPS/images/fpsyg-13-840746-g005.jpg
20

o

S

inverted upright inverted upright

-4





OPS/images/fpsyg-13-840746-g006.jpg
PO7/PO8

contra

‘200

150
time (ms)

100

-50

00

-1

-150

difference

right






OPS/images/fpsyg-13-840746-g003.jpg
PO7/PO8

50 100 150 200 ‘250 300 350 400 450
time (ms)

0

-5

00

A

-150

8
g
g
3
E
5






OPS/images/fpsyg-13-840746-g004.jpg
PO7/PO8

3r fearful-upright
- - - - fearful-inverted
23 . . disgusted-upright
1 N2pe 1 - - - - disgusted-inverted
A5F 1 i
4 ' '
' '
il '
081 .’ 4 i
p ROk g 1 D
AN, WO Ve AV
T

¢
2 b \ = 1
¥ S N '
0.8 L 1 1
| 1
: :

:
15F i i
i i
i :
i i
L i ]
23 1
i i
1 1

L L L L L L L L L L y

3
-150 -100 -50 0 50 100 150 200 250 300 350 400 450






OPS/images/fpsyg-13-840746-t001.jpg
Cueing display Target display
Orientation Facial expressions Validity Facial expressions
Experiment 1 Upright Neutral & fearful Valid Disgusted & neutral
Invalid Neutral & disgusted
Neutral & disgusted Valid Disgusted & neutral
Invalid Neutral & disgusted
Inverted Neutral & fearful Valid Disgusted & neutral
Invaiid Neutral & disgusted
Neutral & disgusted Valid Disgusted & neutral
Invaiid Neutral & disgusted
Experiment 2 Upright Fearful & neutral Vaiid Fearful & neutral
Invaiid Neutral & fearful
Fearful & disgusted Valid Fearful & neutral
Invalid Neutral & fearful
Inverted Fearful & neutral Valid Fearful & neutral
Invalid Neutral & fearful
Fearful & disgusted Valid Fearful & neutral
Invaiid Neutral & fearful

Cue orientation alternated block-wise; all other conditions were randomized throughout blocks.





OPS/images/fpsyg-13-840746-g007.jpg
PO7/PO8

3r
disgusted-upright

231 ' | - - - - disgusted-inverted

1 N2pe ! neutral-upright
45+ ! E - -~ - neutral-inverted

i i
0.8 i E

A §

151

23F

3
-150 -100 -50 0 50 100 150 200 250 300 350 400 450






OPS/images/fpsyg-13-840746-g008.jpg
20

=)

b

inverted upright inverted upright

-4





OPS/images/fpsyg-13-840746-g001.jpg





OPS/images/inline_7.jpg
)y





OPS/images/fpsyg-13-840746-g002.jpg
target display

backward mask

cueing display

forward mask

fixation

1000 ™S

time





OPS/images/inline_9.jpg
)y





OPS/images/inline_8.jpg
)y





OPS/images/inline_4.jpg
)y





OPS/images/inline_3.jpg
)y





OPS/images/inline_6.jpg
)y





OPS/images/inline_5.jpg
)y





