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Abstract 

 Attending toward fearful faces and other threatening stimuli increase the chance of 

survival. The dot-probe task is a commonly used measure of spatial attention. Event-related 

potentials (ERPs) have been found to be a reliable measure of attentional bias. The dot-probe 

literature suggests that posterior contralateral N170 amplitudes are more enhanced by fearful 

faces compared to ipsilateral amplitudes. However, ERP methods remove non-phase locked 

frequencies, which provides additional information about neural activity. Specifically, theta 

oscillations (5-7 Hz) have been linked to attentional processing. The purpose of this study was to 

examine the relationship between posterior contralateral theta oscillations and N170 amplitudes 

in the dot-probe task. A modified dot-probe task was used with fear and neutral facial 

expressions and EEG data was recorded from 33 electrodes. The ERP and time-frequency data 

were extracted from the P7 and P8 electrodes (left and right occipitotemporal regions). This 

study found enhanced N170 amplitude and theta oscillations in the electrodes posterior 

contralateral to the fearful face.  Contralateral N170 amplitudes and theta oscillations were 

related such that greater N170 amplitudes were associated with greater theta oscillations. The 

results indicated that increased contralateral N170 and theta oscillations are related to each other 

and underlie attentional bias to fearful faces. 

Keywords: ERP, Attentional bias, Fearful faces, Theta, N170  
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1.1 Introduction 

 Rapidly responding to threat-related stimuli has been necessary for survival in 

mammalian evolution and development (Boyer & Bergstrom, 2011; Lobue & Rakison, 2013). A 

variety of stimuli that indicate danger have been found to capture attention, including threat-

related faces (e.g. angry and fearful) (Carlson et al., 2013; Holmes et al., 2009), evolution-related 

stimuli (e.g. snakes), and non-evolution-related stimuli (e.g. guns) (Carlson, Fee, et al., 2009). 

Although pleasant stimuli also capture attention, threat-related stimuli capture attention more 

rapidly (Fox et al., 2000; Torrence et al., 2017).  

Studies of patients with amygdala damage indicate that the amygdala is necessary for the 

preferential capture of attention by emotional stimuli (Anderson & Phelps, 2001; Bach et al., 

2015). Similarly, in healthy participants, fMRI BOLD activity is increased in the amygdala when 

attending to emotionally salient stimuli (Carlson, Reinke, et al., 2009; Garavan et al., 2001; 

Hamann & Mao, 2002; Yang et al., 2012). The amygdala appears to enhance attention, at least in 

part, by increasing visual cortical activity (Morris et al., 1996; Pessoa et al., 2002; Vuilleumier et 

al., 2004) via the longitudinal fasciculus (Fischer et al., 2016). Connections between the 

amygdala and cognitive control regions such as the anterior cingulate cortex (ACC), medial 

prefrontal cortex (mPFC), and the insula influence the duration of attentional engagement toward 

emotional salient stimuli (Carlson et al., 2013; Carlson, Reinke, et al., 2009; Fu et al., 2015; 

Liddell et al., 2005; Price et al., 2014; White et al., 2016).  

Although this body of research has identified the systems level neural circuitry involved 

in emotional attention, the poor temporal resolution of these methodologies have provided little 

information about the timing of attentional bias. Given that attention is dynamic, studying the 

neural timecourse of attentional bias is essential for determining the timepoint in which attention 
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is captured and the duration for which attention remains captured. Electroencephalography 

(EEG) and event-related potential (ERP) however, have excellent temporal resolution which 

enables examination of the timing of attentional bias. Early differences are typically associated 

with more automatic processing whereas later differences are associated with more effortful or 

higher order processing. Hence, this study examined EEG oscillations and ERP components in 

an attentional bias paradigm.   

One commonly used ERP component in facial expression research is the N170. This 

component is thought to reflect activity in the fusiform face area (FFA), occipital face area 

(OFA), and the superior temporal sulcus (STS) (Gao et al., 2019). Furthermore, as evidenced by 

meta-analysis (Hinojosa et al., 2015), N170 amplitudes are enhanced by emotional expression. 

The N170 has a negative amplitude deflection maximally elicited at occipitotemporal scalp 

electrode sites, which occurs approximately 170 ms post-stimulus onset and is enhanced (i.e., 

more negative amplitude) for faces, relative to other visual stimuli (Ashley et al., 2004; Batty & 

Taylor, 2003; Bentin, 1996; Blau et al., 2007; Eimer & Holmes, 2003, 2007; Haxby et al., 2000; 

Rellecke et al., 2012). Following the N170 at posterior electrode sites, the N2pc is a negative 

peak between 180 and 320 ms post-stimulus onset. The N2pc reflects the initial orientation of 

attention toward a stimulus (Diao et al., 2017; Dowdall et al., 2012; Luck & Hillyard, 1994a, 

1994b; Tan & Wyble, 2015) and has been found to be modulated by emotional expression (Diao 

et al., 2017; Holmes et al., 2008, 2014; Reutter et al., 2017). Torrence and Troup (2017) 

examined the ERP literature of attentional bias to emotional faces and found that enhanced N170 

amplitudes (Carlson & Reinke, 2010; Rossignol et al., 2013) and N2pc amplitudes (Holmes et 

al., 2008, 2014; Osinsky et al., 2014; Reutter et al., 2017) were among the most consistently 

observed effects in the literature.  
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Although ERPs have excellent temporal resolution, the ERP time-domain averaging 

ignores task-relevant effects in the frequency domain. Time frequency analysis is used to 

examine dynamic changes in oscillatory activity over time (Makeig et al., 2004). These 

oscillations offer information about microcircuits and cortical-subcortical loops, which cannot be 

examined with ERP. Within the frequency domain, theta oscillations (5-7Hz) have previously 

been linked to attentional processing. Diao and colleagues (2017) found enhanced theta activity 

for emotional compared to neutral faces at contralateral electrodes sites relative to ipsilateral 

locations. In addition, enhanced (contralateral vs ipsilateral) N2pc amplitudes were correlated 

with enhanced theta oscillations—indicating that theta oscillations are related to visuospatial 

attentional bias toward salient stimuli and the attention-related modulation of the N2pc ERP 

component. However, it is unclear if other attention-related ERP components such as the N170 

are related to theta activity. 

 Accordingly, the purpose of this current study was to examine the relationship between 

theta and N170 amplitudes in attentional bias toward fearful faces. Given evidence from past 

research (Carlson & Reinke 2010; Rossignol et al., 2013) that the N170 is enhanced posterior-

contralateral to emotional faces (e.g. fear), we expected to replicate this effect. In addition, we 

hypothesized that theta oscillations would be enhanced in electrodes posterior-contralateral to the 

fearful face and this increase in theta power would correlate with enhanced (more negative) 

N170. We also conducted the same analyses on the late N2pc (Holmes et al., 2009, 2014) and 

expected the same results. Given that contralateral modulations of the N170 and N2pc have 

previously been reported in the dot-probe task, we hypothesized that differences in N170 and 

N2pc amplitudes would have a positive relationship. Given that disorders such as posttraumatic 

stress disorder (PTSD) (El Khoury-Malhame et al., 2011), depression (Peckham et al., 2010), 
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and anxiety (Bar-Haim et al., 2007) have been related to differences in attentional bias toward 

emotional facial expressions, we included these assessments to explore the relationship between 

these variables and the EEG data.  

2.1 Material and methods 

2.2 Participants  

Forty-six undergraduate students (29 female) enrolled in Introduction to Psychology and 

Research Methods from Colorado State University participated in this study and received course 

credit. Ages ranged from 18 to 27 (M = 19.69; SD = 2.14) years old. All participants had normal 

or corrected to normal vision in both eyes and no history of neurological disorders. Two 

participants reported being left-handed and two reported being ambidextrous. This research was 

approved by the Institution Review Board at Colorado State University (12-3716H). All 

participants gave written informed consent before the experiment.  

2.3 Materials and procedure 

 The participants completed three questionnaires: the state portion of the State-Trait 

Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), Center for 

Epidemiological Studies Depression (CESD; Radloff, 1977), and PTSD Checklist for DSM-5 

(PCL-5; Weathers et al., 2013). These data were used to examine correlations between EEG-

based attentional bias measures and mood/anxiety symptoms.  

Stim2 (Compumedics USA, Inc., Charlotte, NC, USA) was used to program the dot-

probe task. The stimuli were displayed on a 20-inch PC monitor with a 60 Hz refresh rate and 

screen resolution of 1600  900. The facial stimuli used were from a standardized facial database 

(Gur et al., 2002) which included two female and two male identities with grey scaled fearful and 

neutral expressions. The faces were cropped to remove all extraneous non-face-related 



THETA AND N170 7 

features/information (e.g., hair, neck, etc.). These stimuli have been used in previous research 

(Carlson & Reinke, 2010; Torrence et al., 2017). See supplemental material for all the faces used 

in this study. The facial expressions were displayed horizontally along the midline and subtended 

5º x 7º and separated by 14º of the visual angle at 59 cm from the screen. 

 Trials were presented against a black background and started with a white fixation cross 

in the center of the screen for 2000 ms. The faces were then simultaneously presented for 50 ms 

on the left and the right side of the monitor. There was a 500 ms delay from face offset to dot 

onset (to prevent stimulus overlap in the EEG/ERP data), which was a black screen with a white 

fixation cross. A dot appeared either on the left or the right side of the screen and remained there 

until the participant indicated the location of the dot (Figure 1). There were 240 of each trial type 

(fear-neutral, neutral-fear, and neutral-neutral) for a total 720 trials. The task was divided into 5 

blocks with an equal number of trial types in each block. The trials were randomly presented 

within each block. Participants were instructed to indicate the location of the dot when it appears 

and were only told that there were stimuli that appeared before the dot appeared.   

 

Figure 1: The dot-probe task started with a fixation cue for 2000 ms, then two faces briefly 

appeared for 50 ms. There was a 500 ms delay between face offset and dot onset. The dot 

remained until the participant indicated the location of the dot, via button press (left or right). 

This figure is an example of a fear right, incongruent trial, the dot appears in the location of the 

neutral face (incongruent of the fearful face). 
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2.4 EEG collection 

 The EEG data were acquired using Curry 7 with 33 Ag/AgCl electrodes on a SynAmps2 

64-channel QuickCap (Compumedics, USA, Inc., Charlotte, NC, USA). Ground was between FZ 

and FPZ and a right mastoid was used for the reference. The 32 electrodes using the 10-20 

system included: FP1, FP2, F7, F3, FZ, F4, F8, FC5, FC1, FC2, FC6, T7, C3, CZ, C4, T8, CP5, 

CP1, CP2, CP6, P7, P3, PZ, P4, P8, PO7, PO3, POZ, PO4, PO8, O1, and O2. The horizontal 

electrode oculograms were placed on the outer canthi of both eyes, the data from these electrodes 

were combined and were the 33rd electrode. Impedances were kept below 10 k and sampling 

rate was 500 Hz. However, there was a recording bandwidth of DC to 250 Hz.  

2.5 ERP analysis 

 The Curry 7 EEG data was converted to EEGLAB format using EEGLAB toolbox 

(Delorme & Makeig, 2004). We used EEGLAB and ERPLAB (Lopez-Calderon & Luck, 2014) 

to preprocess the data and ERPLAB to analyze the ERP data. The data were rereferenced to a 

common average reference. We used a Butterworth bandpass filter of 0.1 to 40 Hz and a roll-off 

slope of 12 dB/octave. The data were epoched to -200 to 1000 ms, with 0 ms aligned at face 

onset. Blink artifacts were detected within a -200 to 500 ms time window using a blinkwidth of 

400 and a cross-covariance of 0.7 on the HEO channels. A simple voltage threshold of -100 to 

100 V with -200 to 500 ms on the 32 scalp electrodes was used to remove artifacts. The data 

were also visually inspected for motion artifacts and other abnormalities, no trials ended up 

being removed during this step. Participants with greater than 30% of trials rejected were 

excluded from the analysis. N170 was measured as the mean amplitude between 150 and 190 ms 

(Carlson & Reinke, 2010) and the N2pc was the mean amplitude between 250 and 320 ms 

(Holmes et al., 2009) after face onset. The P7 (left hemisphere) and P8 (right hemisphere) 



THETA AND N170 9 

electrodes were used for N170 (Carlson & Reinke, 2010; O’Toole & Dennis, 2012; Rossignol et 

al., 2013; Torrence et al., 2018) and N2pc (Brosch et al., 2011; Holmes et al., 2009, 2014; 

Osinsky et al., 2014; Reutter et al., 2017). For N170 and N2pc analysis we collapsed across 

hemispheres and used repeated measures one-way ANOVAs to assess the effect of laterality 

(contralateral, ipsilateral, and neutral) on mean ERP amplitudes. Contralateral was computed by 

averaging P8 during the fear-neutral trials with P7 during the neutral-fear trials and the opposite 

for ipsilateral, and neutral was assessed by averaging P7 and P8 electrodes during neutral-neutral 

trials.  Given that the N170 has been shown to be right hemisphere lateralized, we used a 2 

(hemisphere)  3 (condition) repeated measures ANOVA to explore any lateralization effects. 

Adjusted partial eta squares (adj 
𝑝
2) were calculated using the equations from Mordkoff (2019). 

Bonferroni corrections and Greeenhouse-Geisser adjustments were used when appropriate. 

Incorrect responses were included in the analyses since the ERPs occurred before the behavioral 

response and we hypothesized that RT will not reflect attentional bias given the delay. 

2.6 Time-frequency analysis 

 Time-frequency transforms were used to analyze theta oscillations, which used the same 

preprocessed data as ERP analyses with the exception of an increased epoch, -380 to 1000 ms. 

Custom MATLAB scripts that used the EEGLAB structure (Delorme & Makeig, 2004) were 

used for the analysis. The data was first decomposed into time-frequency representations from 1 

to 40 Hz in 1 Hz steps. A 3-cycle morlet wavelet was used across frequencies. Spectral power 

data were scaled to percent of frequency-specific power change relative to baseline. The time 

windows were determined by examining the peak theta power in previous research and adding 

and subtracting the wavelet standard deviation. The spectrograms were examined in Diao et al. 

(2017) and we estimated the peak theta power around 130 ms for N170 and 380 for N2pc. To 
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determine the frequency resolution, we used the equation from Roach and Mathalon, (2008) f = 

f/m, where wavenumber (m) of 3 and the mean frequency (f) of 6 Hz, the frequency resolution 

equaled 2 Hz (f). For the time resolution we used t = 1/(2f), the time resolution equaled 

0.0796 seconds, the time resolution was rounded to 80 ms (t). Therefore, theta was defined as 

the mean power between 50 to 210 ms for N170 and 300 to 460 ms for N2pc, both at 5 to 7 Hz in 

the P7 and P8 electrodes. For each theta window, we used a repeated measures one-way 

ANOVAs (contralateral, ipsilateral, and neutral). Bonferroni correction and Greeenhouse-

Geisser adjustments was applied when appropriate.  

2.7 Correlation of N170 and theta 

To examine the relationship between theta and ERP components, we used two 

regressions: N170 difference (contralateral – ipsilateral) with theta difference and N2pc 

difference was regressed to theta difference. The regressions were only conducted if the 

ANOVAs for each component was significant. 

2.8 Behavioral data analysis 

To analyze the behavioral data, only correct responses between 150 and 750 ms post 

target onset were used for analysis. A repeated measures ANOVA was used to examine main 

effect of trial type (congruent, incongruent, and neutral). However, we hypothesized there would 

be no significant difference between trials given that Torrence et al. (2017) found that attention is 

only held in the location of the fearful face for 300 ms. That is, after 300 ms the reaction time 

data was no longer significant. Given the 500 ms delay from face offset and dot onset and we 

used a keyboard (low reliability) instead of a response pad (Li et al., 2010). We required 

participants to respond to keep them engaged, not to measure an attentional bias through reaction 

time (RT). 
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2.9 Exploratory analysis 

 To examine the relationship of attentional bias related ERPs and theta oscillations to 

mood/anxiety symptoms, we used a correlation matrix with Bonferroni corrected p-values. We 

compared the mean scores of the questionnaires, the mean amplitude of N170 and N2pc, and the 

mean power of theta.  

3.1 Results 

 Four participants (one of these four was a left-handed participant) were excluded for high 

rejection rate (> 30%) leaving 42 participants (26 females). After removing these four 

participants, on average 218.09 (SD = 21.24) trials for the fear left, 218.29 (SD = 21.62) trials for 

fear right, and 221.05 (SD = 20.58) trials for the neutral condition. One participant was removed 

from the STAI correlation due to missing data, but they were included for all other analyses. 

3.2 Behavioral results 

 After removing incorrect responses that were outside 150 and 750 ms post target onset, 

only 3.99% (minimum = 0.13% and maximum = 17.22%; SD = 4.34%) of trials were removed. 

The repeated measures ANOVA indicated that there was a significant main effect for trial types, 

F(2, 82) = 4.32, p = .017, 𝜂𝑝
2 = .095, adj 

𝑝
2  = .073. Bonferroni post hoc comparisons indicated 

that RT (in ms) for incongruent trials (M = 361.67; SE = 9.95) were significantly faster than 

neutral trials (M = 364.81; SE = 10.10), t(41) = -2.90, p = .013, There was no significant 

difference between congruent (M = 362.75; SE = 10.11) and incongruent, t(41) = 0.89, p = 1.00, 

nor was there a difference between congruent and neutral, t(41) = -2.057 p = .138.  

3.3 ERP results 

3.3.1 N170  
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The ANOVA examining contralateral, ipsilateral, and neutral was significant, F(2, 82) = 

18.04, p = .000, 
𝑝
2  = .306, adj 

𝑝
2  = .289. Contralateral (M = -2.12, SE = 0.40) was significantly 

more negative than ipsilateral (M = -1.73, SE = 0.37), t(41) = -6.07 p = .000 and neutral (M = -

1.83, SE = 0.37), t(41) = -3.64, p = .002. No differences between ipsilateral and neutral, t(41) = 

1.78, p = .250 (Figure 2). 

In the 2 (hemisphere)  3 (condition) repeated measures ANOVA, we found a significant 

main effect for hemisphere, F(1, 41) = 4.57, p = .039, 
𝑝
2  = .100, adj 

𝑝
2  = .078. The mean 

amplitudes in the P7 electrode (M = -2.28; SE = 0.40) were more negative than the amplitudes in 

P8 (M = -1.50; SE = 0.44), t(41) = -2.14, p = .039. No significant main effect found for 

condition, F(2, 82) = 2.20, p = .118, 
𝑝
2  = .051, adj 

𝑝
2  = .028. Interaction between hemisphere 

and condition was significant, F(1, 41) = 18.85, p = .000, 
𝑝
2  = .315, adj 

𝑝
2  = .298. Bonferroni 

corrected post hoc comparisons indicated that the N170 amplitude in the P7 electrode, fear right 

(M = -2.48, SE = 0.43) was more negative than fear left (M = -2.18, SE = 0.39), t(41) = -3.40, p = 

.005, and neutral (M = -2.20, SE = 0.40), t(41) = -2.74, p = .027. Whereas the P8 N170 amplitude 

were more negative in fear left (M = -1.76, SE = 0.45) compared to fear right (M = -1.28, SE = 

0.44), t(41) = -5.42, p = .000, but no difference between fear left and neutral (M = -1.46, SE = 

0.43), t(41) = 2.12, p = .121. However, neutral was more negative than fear right, t(41) = 2.92, p 

= .017.1  

3.3.2 N2pc 

 
1 To account for any handedness effects from the three non-right-handed participants, we compared their N170 

means for each electrode in each condition. The left-handed participant’s means were all within one standard 

deviation and the two ambidextrous participants’ means were within two standard deviations, indicating no 

handedness effects on N170 for these participants.  
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The effect of laterality was also significant for the N2pc, F(2, 82) = 9.81, p = .000, 
𝑝
2  = 

.193, , adj 
𝑝
2  = .173. Bonferroni corrected post hoc comparisons indicated that contralateral (M 

= 0.89, SE = 0.28) was more negative than ipsilateral (M = 1.26, SE = 0.23) t(41) = -4.34, p = 

.000. Neutral (M = 1.05, SE = 0.24) was not different than contralateral, t(41) = 1.66 p = .312, 

but was more negative than ipsilateral, t(41) = -3.11, p = .010 (Figure 2). 

 

Figure 2: ERP waveforms for contralateral, ipsilateral, and neutral trial types. Black box outlines 

the N170 time window (150 – 190 ms). The grey box outlines N2pc time window (250 – 320 

ms).  

3.4 Time frequency results 

3.4.1 N170 related theta 

The repeated measures ANOVA was significant, F(2, 82) = 6.34, p = .003, 
𝑝
2  = .134, , 

adj 
𝑝
2  = .113. Post hoc comparisons with Bonferroni corrections suggested greater theta 
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oscillation power in the contralateral (M = 0.30, SD = 0.03) compared to ipsilateral (M = 0.28, 

SD = 0.03) t(41) = 3.08, p = .013 and neutral (M = 0.28, SD = 0.02) t(41) = 2.73 p = .025, Figure 

3). No differences between ipsilateral and neutral, t(41) = 0.11 p = 1.00. 

3.4.2 N2pc related theta 

Theta power during the N2pc time window was not significant, F(2, 82) = 1.35, p = .266, 


𝑝
2  = .032, , adj 

𝑝
2  = .008. 

 

Figure 3: Spectrograms from contralateral (top left), ipsilateral (top right), neutral (bottom left), 

and the difference between contralateral and ipsilateral (bottom right). Black box in the 

difference spectrogram highlights the time and frequency window theta power was extracted. 

3.5 Regression results 

3.5.1 Theta and N170  
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The regression revealed a significant negative relationship between N170 amplitudes and 

theta oscillation, R2 = .17, F(1, 40) = 8.13, p = .007. As N170 difference decreased by 0.05 V 

there was increased power in theta oscillations by 1% baseline change (Figure 4).  

 

Figure 4: A significant correlation between N170 amplitudes and theta oscillations, p < .05. Both 

variables were obtained by subtracting ipsilateral from contralateral.  

3.5.2 Theta and N2pc 

We did not run the regression between theta and N2pc since N2pc related theta was not 

significant.  

3.5.3 N170 and N2pc  

For both components we subtracted contralateral and ipsilateral to obtain the difference 

(more negative = enhanced attentional bias). We found a significant relationship between N170 

posterior contralateral differences and N2pc differences, R2 = .20, F(1, 40) = 10.43, p = .002. For 

R² = 0.1688
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1 V increase in N170, there was a 0.34 V increase in N2pc (Figure 5). That is, as N170 

amplitude decreased, N2pc amplitude decreased.  

 

Figure 5: There was a positive correlation between N170 and N2pc amplitude differences 

(contralateral – ipsilateral). As the difference in N170 amplitude increased, the difference 

between contralateral and ipsilateral increased (more negative), indicating greater attentional 

bias.  

3.6 Exploratory results 

Bonferroni was used to correct for multiple comparisons. The new p value threshold was 

p = .0033. The correlations between the questionnaires and N2pc, N170, and theta (N170) were 

not significant. Theta (N2pc) was not included since there was not statistical difference between 

contralateral and ipsilateral theta during the N2pc time window. Each questionnaire was, 

however, positively correlated with the other two. N170 was correlated with N2pc, however the 

R² = 0.2068
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correlation between N170 and theta in the N170 time window was not robust enough to 

withstand the Bonferroni correction for multiple comparisons, p = .007. For a summary of the 

correlations, means, and standard deviations, see Table 1. 

Table 1 

        
Summary of correlations, mean, and standard deviations 

Measure 1 2 3 4 5 6 M SD 

1. PCL-5 ⎯ 

     

15.64 16.46 

2. STAI .57** ⎯ 

    

37.59 9.33 

3. CES-D .72** .76** ⎯ 

   

17.79 10.17 

4. N170 .18    .32    .16   ⎯ 

  

-0.40 0.42 

5. Theta (N170) -.09     -.20    -.14    -.41  ⎯ 

 

0.02 0.05 

6. N2pc .18 .19  .25 .46* -.16 ⎯ -0.37 0.55 

Note: One participant was not included in the STAI (N = 41) due to missing data. The 

questionnaires were positively correlated with one another, but no correlation between 

questionnaires and ERP/EEG. CES-D = Center for Epidemiologic Studies Depression Scale, 

STAI = The State-Trait Anxiety Inventory, PCL-5 = PTSD Checklist for DSM-5, N170, Theta 

(N170), and N2pc are the difference between contralateral and ipsilateral. * p < .003 level (2-

tailed) and  ** p < .001 level (2-tailed)  

4.1 Discussion 

 This study examined the neural correlates of attentional bias to fearful faces using ERP 

and time-frequency analyses. We found N170 and N2pc amplitudes were enhanced at 

occipitotemporal electrodes sites contralateral to the presentation of fearful faces—consistent 

with the notion that these ERP components are modulated by visuospatial attention (Carlson & 
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Reinke, 2010; Holmes et al., 2009, 2014; Reutter et al., 2017; Rossignol et al., 2013; Torrence & 

Troup, 2018). Furthermore, to the best of our knowledge, we present novel evidence that 

attention-related modulations in N170 and N2pc amplitudes are correlated. That is, larger N170 

modulations were associated with larger N2pc modulations in the same electrodes. Mirroring the 

contralateral modulation observed for the N170 and N2pc, theta oscillations had more power 

posterior-contralateral to the fearful face.  This increased contralateral power in theta, correlated 

with the contralateral modulation of the N170. 

 Our results suggest that the capture of attention by emotional stimuli (or at least fearful 

faces) is accompanied by enhanced visual processing in contralateral occipitotemporal cortex. In 

particular, we found this enhanced contralateral processing at two time-points encompassing 

both the N170 and N2pc ERPs.  Enhanced contralateral processing of the N170 (Carlson & 

Reinke, 2010; Rossignol et al., 2013) and N2pc (Holmes et al., 2014; Reutter et al., 2017) have 

previously been reported and these ERPs are among the most consistently modulated in the dot-

probe task of attentional bias (Torrence & Troup, 2018). However, to the best of our knowledge, 

we present the first evidence that modulation of the N170 (i.e., contralateral – ipsilateral 

amplitudes) is related to modulation of the N2pc. Thus, emotion-related attentional modulation 

of these ERPs are related. This indicates that—at least in the current context—attention was 

captured from roughly 150-320 ms post-face onset—a timeframe consistent with the behavioral 

timecourse of attentional bias in the dot-probe task (Torrence et al, 2017).  

In addition to identifying the timeframe of contralateral attentional modulation of visual 

cortical processing, our results further suggest that the frequency domain is enhanced in 

contralateral occipitotemporal cortex, particularly within the theta band. In general, the 

contralateral modulations of occipitotemporal cortex observed in the current study are consistent 
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with findings across various methodologies identifying (location specific) enhanced processing 

in sensory cortex as a mechanism underlying the facilitation of spatial attention by emotional 

stimuli (Carlson et al., 2011; Carlson & Reinke, 2010; Pourtois et al., 2004).  

Attention-related modulation of contralateral theta activity has been previously reported 

for happy and angry faces (Diao et al., 2017). In addition, non-lateralized theta activity has been 

reported for other types of non-face threat-related stimuli (Sun et al., 2012). In addition, previous 

research indicates that individual differences in sensitivity to fearful facial expressions is linked 

to greater theta band activity (Zhang et al., 2012). We present the first evidence that contralateral 

theta activity is also enhanced by fearful faces. Thus, it appears that the processing of emotional 

faces is broadly associated with theta activity in the occipitotemporal cortex. However, further 

research utilizing facial expressions not already assessed (i.e., sad, disgusted, surprised, etc.) is 

needed to substantiate this claim. Although it appears that theta oscillations are commonly 

associated with emotional face processing, theta activity associated with happy and angry faces 

has been found to correlate more strongly with the N2pc ERP component (Diao et al., 2017) 

whereas our results suggest that theta activity associated with fearful faces correlates more 

strongly with the N170 ERP component (even though both the N170 and N2pc ERPs were 

modulated by fearful faces). Thus, there appears to be both common and distinct attention-

related modulations of theta activity by emotionally salient stimuli.        

Recent research indicates that the enhancement of N170 amplitudes by fearful faces is 

dependent upon an intact amygdala (Framorando et al., 2021).  The coding of information within 

the amygdala makes it aptly suited for a key role in the modulation of spatial attention by 

emotional stimuli as it has been found to have neurons tuned for processing salience-related 

information and location-related information (Peck et al., 2013). Interestingly, the amygdala 
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produces theta activity in response to threat-related stimuli (Maratos et al., 2009), which appears 

to initiate the synchronization of neural activity in efferent regions with that of the amygdala 

(Likhtik & Gordon, 2014; Zheng et al., 2017). In addition, the amygdala is densely connected 

with the basal forebrain and this amygdala-basal forebrain pathway is believed to play an 

important role in the guidance of attention by emotionally salient stimuli (Peck & Salzman, 

2014). Similar to the amygdala, the basal forebrain also produces theta activity, which is thought 

to synchronize activity across various brain regions (Chaves-Coira et al., 2018; Pinto et al., 

2013). Beyond the basal forebrain, the amygdala communicates with a number of other systems 

(e.g., direct connections with visual/sensory cortex as well as indirect connections with 

prefrontal and parietal cortex attention systems) that could facilitate visual cortical processing of 

threat-related stimuli (Domínguez-Borràs & Vuilleumier, 2013; Pourtois et al., 2013; 

Vuilleumier, 2005). Although far from conclusive, it is possible that the increased contralateral 

theta activity elicited by fearful faces in the current study reflects theta activity initiated by an 

amygdala-based attention system2. Yet, further research utilizing methodologies with both high 

spatial and temporal specificity is needed to test the validity of this claim. Nevertheless, the 

current results add to a growing body of literature implicating neuronal oscillatory activity to the 

facilitation of attention by emotional stimuli. 

 Although prior research indicates that attentional biases are elevated in anxiety (Bar-

Haim et al., 2007), we did not find a significant relationship between anxiety, depression, or 

PTSD symptoms and any EEG/ERP measure of attentional bias. These null effects may indicate 

 
2It should be noted that in addition to theta activity, the amygdala also produces gamma activity (Zheng et al., 2017) 

and cortical gamma activity also appears to be involved in the enhancement of attention by emotional stimuli 

(Müsch et al., 2017). Previous work has shown that theta activity in the amygdala initiates synchronous gamma in 

connected regions outside the amygdala. Further research will be needed to determine the unique role of different 

frequency bands in emotionally guided attention.  
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that the attention-related modulation of N170 amplitude, N2pc amplitude, and theta-band activity 

are a (relatively) universal adaptive response to signals of potential threat within the 

environment. Additionally, it should be noted that a recent review has reported that most dot-

probe studies actually fail to find a relationship between anxiety and behavioral measures of 

attentional bias (Mogg et al., 2017). Although our results are consistent with this report, our 

questionnaire results should be interpreted with caution as they were exploratory in nature and 

our sample size was relatively small to assess the effect size of the relationship between anxiety 

and attention bias.  

4.2 Conclusion 

We found that N170 and N2pc amplitudes were enhanced at occipitotemporal electrodes sites 

contralateral to the presentation of fearful faces and the extent of these amplitude modulations 

were correlated with each other. Furthermore, we found a similar contralateral modulation in 

theta-band oscillatory activity, which was correlated with the contralateral modulation of the 

N170, but not the N2pc modulation. The results of the current study add to the understanding of 

visuospatial attention networks and the relationship between theta oscillations and the N170 ERP 

component. 
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