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Disgust face captures more attention in individuals with high social anxiety 
when cognitive resources are abundant: Evidence from N2pc 
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A B S T R A C T   

There is a debate about the relative contributions of top-down and bottom-up attention to the threat-related 
attentional bias. In this study we investigated the attentional bias in individuals with social anxiety under 
conditions of no, low and high visual working memory (WM) load. Event-related potential (ERP) and response 
time (RT) data were recorded while participants performed the dot-probe task and a concurrent change-detection 
task. The ERP results revealed that the maximum N2pc effect emerged in no visual WM load condition in in-
dividuals with social anxiety. The difference of N2pc effect between high socially anxious (HSA) and low socially 
anxious (LSA) groups was observed in no visual WM load condition, whereas this difference was eliminated 
under low and high load conditions. However, no significant main effects or interactions were observed in the 
behavioral index (reflected by Trial Level-Bias Score variability). Overall, the findings indicate the critical role of 
top-down attention on social anxiety-related attentional bias, which have important implication for attentional 
bias modification.   

1. Introduction 

Studies have shown that threatening stimuli have priority in 
attracting attention (Kappenman et al., 2015; Koster et al., 2004). For 
individuals with social anxiety, this hypervigilance of threatening 
stimuli, especially social related threats, is enhanced (Tsuji and Shi-
mada, 2017; Lazarov et al., 2016). Such atypical allocation of attention 
to threatening stimuli thought to play an important role in the mainte-
nance and development of social anxiety disorder (Rapee and Heimberg, 
1997; Heimberg et al., 2010). 

The attentional preference for threatening stimuli in individuals with 
anxiety has been postulated as an automatic bottom-up attention (Ros-
signol et al., 2012; Mueller et al., 2009). It is an involuntary, rapid, and 
inflexible process that selects visual information based on the salience of 
the stimulus features (Corbetta and Shulman, 2002). Klumpp et al. 
(2010) using functional MRI found the amygdala which prioritizes the 
attentional selection of stimuli with high emotional significance, 
exhibited greater reactivity to threat faces in patients with social anxiety 
disorder. 

Recently, however, some researchers have challenged the idea that 
attentional bias of anxious individuals to threats is automatic and 

reflexive, proposing that attentional bias to threat stimuli is driven by 
top-down attention (Dodd et al., 2017). Top-down attention refers to the 
voluntary allocation of attention toward particular objects, features, or 
spatial locations based on one’s current goals (Corbetta and Shulman, 
2002). Dodd et al. (2017) used two visual search tasks to examine the 
attention allocation of high and low trait anxious individuals to 
emotional faces, and found that when participants were instructed to 
identify the age of the target face, individuals with high trait anxiety 
expressed a bias for angry over happy faces. This finding suggests even 
when emotion is not task relevant, trait anxious individuals may have 
chronically activated threat-related goals serving as background goals. 

In attempting to disentangle whether the attentional bias predomi-
nately operates via a stimulus-driven or a goal-driven attention, working 
memory (WM) load tasks are employed (Judah et al., 2013; Berggren 
et al., 2013; MacNamara and Proudfit, 2014; Qi et al., 2014; MacNamara 
et al., 2019). WM is the set of mental processes holding limited infor-
mation in a temporarily accessible state in service of cognition, 
including the central executive system, as well as two subsidiary storage 
systems: the phonological loop and the visuospatial sketchpad. The 
former stores verbal information, and the latter stores visual information 
(Baddeley and Hitch, 1974; Baddeley, 2010). The logic to explore the 
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influence of top-down attention on attentional bias to threats is whether 
the performance on attentional bias task is modulated by the WM load 
task. That is, if an attentional bias toward threat is unaffected by a WM 
load, it suggests that the attentional bias to threat is predominantly 
driven by bottom-up attention. However, if an attentional bias is 
changed under different WM load, it indicates that the bias is signifi-
cantly driven by top-down attention. 

However, the results of WM load on attentional bias are quite 
inconsistent (Delchau et al., 2020; Boal et al., 2018; Goodwin et al., 
2017). Boal et al. (2018) employed a variation dot-probe paradigm 
developed by Grafton and MacLeod (2014), along with a no/low/high 
WM task (memorizing digit strings). In their study, participants were 
first instructed to focus on a blank screen. Then two white rectangular 
outlines were initially presented, one to the left and one to the right of 
fixation. A smaller red rectangle was also presented inside one of the 
white rectangles to indicate the location of the to-be-presented cue. A 
small red line as the cue was then presented within the rectangle. After 
these stimuli disappeared, a typical dot-probe task was presented. Two 
faces were presented on the screen with one on the left and one on the 
right, followed by a probe (a small red line) oriented horizontally or 
vertically. In the high load condition, a six-digit number was used. In the 
low load condition, a single-digit number was used. They found that 
high social anxiety was associated with a bias away from the threatening 
faces, whereas low social anxiety was associated with a bias toward 
threat. The WM load manipulation didn’t affect these results, which 
suggests that orienting to threatening faces occurs relatively 
automatically. 

But Delchau and her colleagues (2020) questioned these results. 
They thought the WM load manipulation in Boal et al. (2018) did not 
comprehensively exhaust WM resources. Delchau et al. (2020) repli-
cated Boal et al. (2018)’s experiment with a more complex WM task. 
They asked participants to calculate mathematical problems. In the high 
load condition, complex mathematical problems (A + B–C + D) were 
used. In the low load condition, simple mathematical problems (A + B) 
were used. In the no load condition, there was only a variation dot-probe 
task. They found that the top-down attention played a critical role on the 
engaging attention with threat. That is, the levels of social anxiety were 
positively associated with attentional engagement in no load condition, 
whereas this effect was eliminated under low and high load conditions. 
Manipulation of information in WM, such as complex calculation, re-
flects executive functions of WM (Wager and Smith, 2003), which con-
sumes more cognitive resources than the memorizing digit strings task. 

Follow Delchau et al. (2020)’s reasoning, in this study we used the 
change-detection task (a visual array task) as the secondary task, which 
is used to measure visual WM (Adam et al., 2018; Luria et al., 2016). In a 
change-detection task, a memory array containing colored squares is 
presented. After an inter-stimulus interval, a test array is shown, and 
participants have to indicate whether the colour of encircled square is 
the same as the colour they initially see. Visual arrays performance is 
closely associated with a person’s attentional control ability (Shipstead 
et al., 2014; Miyake et al., 2001). And as a visual WM task, the 
change-detection task will compete with the dot-probe task (also related 
to spatial attention allocation) for individuals’ top-down attention 
resource. 

The dot-probe task is the most commonly used task to measure 
anxiety-related attentional bias (Cisler and Koster, 2010; McNally, 
2019). In a dot-probe task, participants are required to respond to a 
probe that appears in a different location to that just occupied by a cue. 
When the probe appears in the position of the threatening face, it is the 
congruent trial (CT), otherwise, it is the incongruent trial (IT). Usually, 
the response time (RT) of CTs and ITs is considered as an indicator of 
attentional bias (Moriya and Tanno, 2011; Goodwin et al., 2017). But 
the reliability and validity of this indicator have been questioned by 
many researchers (Zvielli et al., 2014; Waechter et al., 2014; Waechter 
and Stolz, 2015). Zvielli et al. (2015) posted that attentional bias was 
expressed in fluctuating and dynamic, toward or away from target 

stimuli over time. They developed a new attentional bias index–the trial 
level-bias score (TL-BS) variability. The TL-BS variability reflects an 
individual’s attention moving forth and back over time, shifting be-
tween vigilance and avoidance of threatening stimuli. Many studies 
have demonstrated the superiority of TL-BS variability in psychometrics 
(Amir et al., 2016; Caudek et al., 2017; Cox et al., 2017). In addition to 
the RT of CTs and ITs, in this study, we pay more attention to this newer 
indicator to index the attentional bias in behavior. 

Electrophysiological measures can provide insight into the atten-
tional bias processing of threatening stimuli. In this study we focused on 
the N2pc component, which is widely accepted as an index of spatial 
attention (Luck and Hillyard, 1994). It is typically elicited between 200 
and 300 ms post stimulus onset, especially at temporal and occipital 
scalp sites, which is enhanced at electrode sites contralateral to an 
attended location (Luck and Hillyard, 1994; Woodman and Luck, 2003). 
Kiss et al. (2008) suggested that N2pc reflected a spatially selective 
attentional mechanism after attention shifts. In recent years, ERP studies 
have found that relative to neutral faces, an initial attention allocated to 
threat faces, reflecting by the N2pc (Kappenman et al., 2014, 2015). 
Reutter et al. (2017) used a dot-probe task to measure the attentional 
bias of socially anxious individuals, found a significant correlation be-
tween N2pc amplitude and the anxiety score. That is, the higher N2pc 
amplitude, the more severe symptoms of social anxiety. Wieser et al. 
(2018) in a visual search task found that individuals with high social 
anxiety showed enhanced N2pc amplitudes in response to emotional 
facial expressions (angry and happy) compared with individuals with 
low social anxiety. 

To recap briefly, the selective attention of anxious individuals is 
affected by top-down attention and bottom-up attention. If the anxiety- 
related attentional bias is largely driven by bottom-up attention, the 
attention preference of social threats in individuals with social anxiety 
would be unaffected by the WM load manipulation. However, if top- 
down attentional resources are required, the difference of attentional 
bias in individuals with high social anxiety under different WM load 
would be observed. In order to dissociate the top-down attention from 
the bottom-up attention, a visual WM task (change-detection task) was 
taken as a concurrent task of the primary task (dot-probe task) in present 
study. Attentional bias was indexed by TL-BS variability and N2pc 
amplitude separately, and were compared under three WM-load con-
ditions: no load, low load, and high load conditions. Based on Delchau 
et al. (2020)’s finding and the secondary task we used, it was hypoth-
esized that the greatest attentional bias of the high socially anxious 
(HSA) group would emerge in no visual WM load condition, and reduce 
with visual WM load. Accordingly, the largest difference of attentional 
bias between HSA group and low socially anxious (LSA) group would 
emerge in the no visual WM load condition, and disappear in low visual 
WM load and high visual WM load conditions. 

2. Method 

2.1. Participants 

Participants were enrolled from a screening sample (n = 149) of 
undergraduates who completed the Chinese version of Liebowitz Social 
Anxiety Scale (LSAS; He and Zhang, 2004; Liebowitz, 1987). Using 
G*Power calculations (ANOVA: Repeated measures, within-between 
interaction) with power of 0.8 and an effect size f of 0.20. The recom-
mended sample size was 42. Therefore, the sample size of 46 was suf-
ficient. Individuals in the HSA group were comprised of 25 participants, 
who scored above 60 on the LSAS (Lv et al., 2014). One participant with 
trial rejection rates over 30% and one participant with no record of EEG 
data were excluded from the HSA group. The LSA group comprised 24 
participants with 35 or lower score on the LSAS (Pan et al., 2006), and 
one participant with trial rejection rates over 30% was excluded from 
the LSA group. In the end, there were 23 participants in the HSA group 
(4 males, 19 females), with an average age 20.78 ± 1.78 years old, and 
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23 participants in the LSA group (2 males, 21 females), with an average 
age 20.91 ± 2.45 years old. The HSA and LSA groups had significant 
differences in LSAS (MHSA = 76.96, SDHSA = 15.82, MLSA = 23.17, SDLSA 
= 7.12, F (1, 44) = 221.02, p < 0.001, partial η2 = 0.83), and in Beck 
Depression Scale (BDI, Beck and Beck, 1972, MHSA = 9.65, SDHSA = 5.44, 
MLSA = 2.57, SDLSA = 3.34, F (1, 44) = 28.34, p < 0.001, partial η2 =

0.39). Hence, the results of this study may not be solely explained by the 
group differences in social anxiety, but rather a combination social 
anxiety and depression. All participants passed the Ishihara Colour Test, 
which is a test for colour blindness. They were right-handed and had 
normal or corrected-to-normal vision. The study was approved by the 
Research Ethics Committee of Capital Normal University. All partici-
pants were given written informed consents and received 80 yuan 
payment. 

2.2. Questionnaires 

2.2.1. Liebowitz Social Anxiety Scale 
The Chinese version of the LSAS (He and Zhang, 2004) was employed 

to evaluate individual differences in social anxiety. The LSAS comprises 
a fear and an avoidance subscale. Each subscale includes 24 items, 
listing socially relevant situations. Participants were required to rate 
each item on a 4-point Likert scale ranging from 0 (none) to 3 (severe-
ly/usually). In our study, we calculated the total score by summing 
scores from both subscales, yielding a maximum score of 144. Higher 
scores were associated with higher levels of social anxiety. Internal 
consistency was excellent in this study (Cronbach’s α = 0.96). 

2.2.2. Beck depression inventory 
In this study we used the 13-items version of BDI (Beck and Beck, 

1972) to assess the level of depression of participants. It consists of 13 
items that are rated on a Likert scale ranging from 0 (no depressive 
mood) to 3 (severe depressive mood). 

2.2.3. Ishihara color test (ICT) 
ICT is a test for color blindness. It consists of a series of colored disks, 

each of which is covered with dots of various colors and sizes. Some of 
the dots consist of one or more Numbers in colors. People with a normal 
color vision can easily distinguish these Numbers, while people with 
color blindness can’t. 

2.3. Materials 

In the change-detection task, the colored squares (1.23 ◦ × 1.23 ◦) 
were chosen as stimuli. The color was selected from a set of five colors: 
red, yellow, green, blue, purple.1 All stimuli were presented in a rect-
angular region (7.78 ◦ × 11.05 ◦). In the high visual WM load, there were 
four colored squares with random positions, and the spacing between 
two colored squares was greater than 2◦ (center to center). In the low 
visual WM load, only one colored square was presented in the center of 
the rectangular region. 

In the dot-probe task, 24 disgust and 24 neutral faces (12 males and 
12 females) were selected from the Chinese Facial Affective Picture 
System (CFAPS) (Bai et al., 2005) as the dot-probe task stimuli.2 CFAPS 
composes of different emotional (angry, disgust, fear, sad, surprise, 

peaceful, happy) faces of Chinese young men and women, providing 
localized standard stimulation. Face images are rated on two dimensions 
(identification and arousal). The dimension of identification refers to the 
degree of identifying the particular expression (angry, disgust, fear, sad, 
surprise, peaceful, happy), from 0 (totally disagree) to 100 (totally 
agree). The dimension of arousal is rated at 9 points Likert scale (1 = low 
arousal, 9 = high arousal). Two pair-conditions were used: dis-
gust–neutral, neutral–neutral. All face stimuli were grey-scale photo-
graphs (4.91 ◦ × 4.26 ◦). They were presented with the same contrast 
and brightness. Facial pairs were presented at equal distance on the left 
and the right part of the screen. The target stimulus consisted of two 
white dots (0.55 cm center-to-center, 0.22 ◦ × 0.22 ◦). The dot pair was 
oriented either horizontally (..) or vertically () and presented against the 
black background at the location of the emotional face. All stimuli were 
presented on a 17-inch Sony CRT monitor (1024 × 768 pixels, 100 Hz 
refresh-rate), running by Presentation software. Participants were 
seated in a comfortable chair in a dimly lit room at a 70 cm viewing 
distance. 

2.4. Procedure 

Each visual WM load trial contained a memory array and a test array, 
interspersed by a dot-probe trial, as is described below (Fig. 1). After a 
1000 ms fixation cross, a memory array was presented for 400 ms. Under 
the high visual WM load, the memory array contained four different 
colored squares. Under the low visual WM load, only one colored square 
was presented. Under no visual WM load, there was only a dot-probe 
task. To match the visual WM load conditions, a blank screen was pre-
sented for 400 ms in no visual WM load condition. Participants were 
instructed to remember the color of squares in the memory array in the 
initially, which would be tested at the end of the trial. Then, a fixation 
cross was presented for 400 ms, followed by the dot-probe task. Spe-
cifically, a disgust–neutral or a neutral–neutral face pair appearing for 
500 ms. After the cue (a face pair) and a short interval (100–150 ms), a 
probe (two horizontal or vertical dots) was presented until a response 
was made. Participants were asked to press two different keys to 
determine whether the orientation of the probe was horizontal or ver-
tical. RTs were measured as the time between the onset of the probe and 
the participants’ key press. After a 500 ms blank, the test array was 
presented, and the participant was instructed to determine whether the 
colored square with a white circle was identical or not from the memory 
array by pressing two different keys from the dot-probe task. 

The high/low/no visual WM load condition was designed as blocks, 
and four blocks for each condition, 72 trials for each block (48 disgust- 
neutral, 24 neutral-neutral). All trial types (varying as a function of the 
position of disgust face, probe position, probe type, square color) were 
equiprobable across the experimental trials. Participants were given 
three short practice blocks (one high, one low and one no visual WM 
load block); each consisting of 8 trials. This was followed by 12 exper-
imental blocks. The order of conditions was counterbalanced, and the 
order of blocks in each condition was random. 

2.5. Behavior measurement and attentional bias index (TL-BS variability) 
calculation 

The data was excluded from trials if the response was not correct on 
either the dot-probe task or the change-detection task. For the incorrect 
response in the dot-probe task reflects participants may not have been 
attending in the correct location at the beginning of the trial. Addi-
tionally, trials in which participants responded incorrectly on the 
change-detection task were excluded because the load manipulation 
may not have been successful (Delchau et al., 2020). Mean accuracy on 
both dot-probe task and change-detection task was 97.46% (SD = 2.46) 
in the no-load condition (that is, the accuracy of dot-probe task under 
the condition of no-load), 93.35% (SD = 3.84) in the low-load condition 
and 79.50% (SD = 8.49) on the high-load condition. 

1 The colour selected in this study is based on the colour parameters in the 
CIE-LCH model, red (53, 60, 40), yellow (53, 58, 102), green (53, 60, 140), blue 
(53, 53, 270), purple (53, 60, 320).  

2 The numbers of the faces we chose in this study were: DF1, DF2, DF4, DF8, 
DF9, DF10, DF14, DF15, DF16, DF18, DF19, DF20, DM1, DM4, DM5, DM7, 
DM10, DM13, DM14, DM15, DM16, DM17, DM19, DM22, NEF22, NEF24, 
NEF28, NEF54, NEF60, NEF76, NEF88, NEF100, NEF101, NEF102, NEF105, 
NEF109, NEM9, NEM30, NEM31, NEM57, NEM76, NEM89, NEM91, NEM97, 
NEM99, NEM102, NEM109, NEM110. 
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For dot-probe task, mean accuracy was 97.46% (SD = 2.46) in the 
no-load condition, 97.70% (SD = 1.87) in the low-load condition, and 
97.12% (SD = 2.18) in the high-load condition. Two kinds of the index 
of attentional bias were calculated, RT of CTs and ITs, and TL-BS vari-
ability. Trials with RT< 200 ms or RT> 3SD above mean RT (of correct 
response) for individual participant for each visual WM load condition 
were also excluded. Based on this criterion, the percentage of excluded 
trials were 1.52%, 1.94%, and 1.99% for the no-load, low-load, and 
high-load load conditions, respectively. RT of CTs and ITs were recorded 
from the onset of the target stimuli. If the RT of CTs in HSA group is 
shorter than that of LSA group, which suggests there is a facilitated 
attention to threats in individuals with social anxiety. If the RT of ITs in 
the HSA group is longer than that of LSA group, which suggests there is a 
difficult disengagement attention to threats in socially anxious in-
dividuals. TL-BS variability was computed according to the method 
proposed by Zvielli et al. (2015). Each IT matched with a CT that was 
temporally as close as possible and no further than five trials away 
(before or after) from the IT. In this study if the distance between IT was 
the same, the following CT would be matched by default. After match-
ing, computing the sum of the absolute values of IT- CT, divided by the 
total number of pairs. If the participant performs consistently 
throughout the task, his/her TL-BS variability is relatively low. In 
contrast, if the performance of the participant fluctuates greatly in the 
task, his/her TL-BS variability will be high. In this study out of 96 ITs 
and 96 CTs (in each visual WM load condition), the mean number of 
matched pairs in no, low, and high visual WM load was 53.43 (range =
39–62, SD = 4.83), 51.30 (range = 38–62, SD = 5.33）and 44.39 (range 
= 28–57, SD = 6.50), respectively. 

For visual WM load, accuracy, rather than speed, was emphasized to 
participants. Mean accuracy on the change-detection task was 95.34% 
(SD = 3.19) in the low-load condition and 81.91% (SD = 8.61) on the 
high-load condition. 

2.6. EEG recording and analysis 

In this study electroencephalogram (EEG) was recorded by Neuro-
scan ESI 64-channel recording system using Ag/AgCl electrode cap of 
the international 10–20 extended electrode sites. EEG data were recor-
ded by the left mastoid as a reference and re-referenced to the average of 
the left and right mastoids offline. Horizontal and vertical 

electrooculograms (EOGs) were recorded using four facial bipolar 
electrodes placed on the outer canthi of the eyes and in the inferior and 
superior areas of the left orbit. The electrode impedances were kept 
below 5 kΩ through the task. The EEG was amplified by SynAmps2 
amplifiers with a bandpass of 0. 1–125 Hz and sampled at 500 Hz. An-
alyses were performed using MATLAB (2016a)software. EEG data were 
filtered with high cutoffs of 30 Hz with 48 dB/oct. Trials with large 
muscle artifacts or extreme voltage offsets artifacts (a voltage exceeding 
±75 μV at any electrode) were removed. Independent component 
analysis (ICA) was then performed for each participant to identify and 
remove components that were clearly associated with eyeblink activity. 
The EEG was segmented from 200 ms prior to the onset of the face pair 
until 600 ms, with a 200 ms baseline correction. 

Based on the previous N2pc studies (Holmes et al., 2014; Reutter 
et al., 2017) and inspection of the mean amplitudes of disgust-neutral 
pair, we looked for the N2pc component in the 170–232 ms time win-
dow using two pairs of sites distributing in the temporal lobe (P7/8, 
PO7/8). The contralateral waveforms were computed by averaging the 
activity recorded at right hemisphere electrode sites when disgust face 
was presented on the left side of the screen with the activity recorded 
from the left hemisphere electrode sites when disgust face was presented 
on the right side. The ipsilateral waveforms were computed by aver-
aging the activity recorded at right hemisphere electrode sites when 
disgust face was presented on the right side of the screen with the ac-
tivity recorded from the left hemisphere electrode sites when disgust 
face was presented on the left side. The N2pc was defined to be quan-
tified as the difference between the mean amplitude contralateral minus 
ipsilateral to the disgust face position. 

All data were statistically analyzed using SPSS 21.0. If interactions 
were significant (p < 0.05), further simple effects would be analyzed 
with Bonferroni adjustments. 

3. Results 

3.1. Behavior data 

The mean and standard deviation of wo kinds of index of attentional 
bias, RT of CTs and ITs, and TL-BS variability were shown in Table 1. 

Fig. 1. Example of the sequence of events within a high visual working memory load trial (top panel), a low visual working memory load (middle panel) and a no 
visual working memory load trial (down panel). 
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3.1.1. Attentional bias (dot-probe task) 
According to Goodhew and Edwards (2019)’s view, it is important to 

consider the reliability of experimental tasks used in 
individual-difference designs like this. Hence, we calculated the internal 
consistency reliability of the dot-probe task in the HSA and LSA groups 
under different conditions by taking the RTs of all trials (or the absolute 
value of IT-CT of each pair) under different conditions (based on each 
condition with the least correct responses) as item scores. The scores of 
internal consistency reliability were as follows (Table 2). The results 
showed that the internal consistency reliability of the dot-probe task in 
this study was good. 

The mean RTs in each condition were entered into a 3 × 2 × 2 
repeated measures ANOVA, with the Visual WM Load (no, low, high) 
and Probe Location (CT, IT) as within-subject factors, Group (HSA, LSA) 
as a between-subject factor. We found a significant main effect of visual 
WM load, F (2, 88) = 76.34, p < 0.001, partial η2 = 0.63. Post hoc tests 
revealed that there were significant differences between the three con-
ditions (p < 0.001), as responses were faster on no visual WM load trials 
(M = 535.36, SD = 11.23) than that of low visual WM load (M = 657.13, 
SD = 15.53), and the response of high visual WM load trials was the 
slowest (M = 844.06, SD = 33.68). No other significant main effect of 
Probe Location (F (1, 44) = 0.06, P = 0.807, partial η2 = 0.001) and 
Group (F (1, 44) = 1.23, P = 0.274, partial η2 = 0.03) nor interactions 
Group × Position Location (F= (1, 44) = 0.87, P = 0.357, partial η2 =

0.02), Group × Visual WM load (F= (2, 88) = 1.36, P = 0.254, partial η2 

= 0.03), Probe Location × Visual WM load (F= (2, 88) = 0.94, P =
0.374, partial η2 = 0.02) and Group × Probe Location × Visual WM load 
(F= (2, 88) = 0.64, P = 0.493, partial η2 = 0.01) were observed. 

We performed a 3 × 2 repeated measures ANOVA on TL-BS vari-
ability, with the Visual WM Load (no, low, high) as the within-subject 
factor, Group (low, high) as the between-subjects factor. We observed 
a significant main effect of Visual WM load, F (2, 88) = 48.74, p < 0.001, 
partial η2 = 0.53. Carlson and Fang (2020) suggested TL-BS variability 
measure was strongly correlated with general reaction time variability. 
Hence, we calculated the standard deviation of the RT from neu-
tral–neutral trials of no Visual WM load condition as a covariate variable 
and performed a 3 × 2 repeated measures ANCOVA. We observed no 
significant main effect of Group (F (1, 43) = 0.57, P = 0.456, partial η2 =

0.01), Visual WM load (F (2, 86) = 2.04, P = 0.156, partial η2 = 0.05 or 
interaction Group × Visual WM load (F (2, 86) = 0.34, P = 0.606, partial 
η2 = 0.008) emerged. 

3.1.2. Visual working memory test (change-detection task) 
Performance on the memory test indicated that the visual WM load 

manipulation was effective. The descriptive data was shown in Table 1. 
One-way repeated measures ANOVA was performed on accuracy, F (2, 
90) = 187.46, p < 0.001, partial η2 = 0.81. Post hoc test result showed 
that there were significant differences between any two visual WM load 

conditions (p < 0.001). Participants gave most correct responses to the 
change-detection task in the no visual WM load condition (M = 0.97, SD 
= 0.02), followed by the low visual WM load condition (M = 0.93, SD =
0.04) and the high visual WM load condition (M = 0.79, SD = 0.08). 

3.2. EEG data 

We performed paired-samples t-tests to examine the N2pc effect 
(disgust faces had a more negative wave on the contralateral side than 
on the ipsilateral side) in the HSA and LSA groups under three visual WM 
load conditions. Fig. 2 shows the amplitudes obtained at average elec-
trode sites (PO7/8, P7/8) contralateral to the disgust face location and 
ipsilateral to the disgust face location of the HSA and LSA groups under 
the no visual WM load, low visual WM load, and high visual WM load 
conditions. The results revealed that there was a significant N2pc effect 
of the HSA group under no (t = 9.14, df = 22, p < 0.001, d = 1.91) and 
high (t = 2.65, df = 22, P = 0.015, d = 0.55) visual WM load conditions, 
no significant N2pc effect emerged under low visual WM load condition. 
In the LSA group, only under high visual WM load condition, a signifi-
cant N2pc effect was observed (t = 2.19, df = 22, P = 0.04, d = 0.46). 

N2pc amplitudes (see Table 1, Contralateral-Ipsilateral) were 
entered into a 2 × 3 repeated measures ANOVA, with the Group (HSA, 
LSA) as the between-subject factor, Visual WM Load (no, low, high) as 
the within-subject factor. The result revealed significant main effects of 
Group, F (1, 44) = 5.84, P = 0.02, partial η2 = 0.12, and visual WM load, 
F (2, 88) = 3.16, P = 0.049, partial η2 = 0.07, as well as a significant 
interaction of Group × Visual WM load, F (2, 88) = 5.36, P = 0.007, 
partial η2 = 0.11. Compared with the LSA group, the HSA group showed 
greater N2pc effect. Further simple effect analysis revealed that for vi-
sual WM load, the largest difference of N2pc effect between the HSA 
group and the LSA group emerged in no visual WM load condition3(p <
0.001). In contrast, there was no significant difference in N2pc effect 
between the HSA and LSA group in low visual WM load and high visual 
WM load (see Fig. 3 and Fig. 4). For group, the N2pc effect under no 
visual WM load condition was significantly larger than the low and high 
visual WM load conditions4 in HSA group. However, there was no sig-
nificant difference in N2pc amplitude under no, low and high visual WM 
load conditions in the LSA group. 

4. Discussion 

The purpose of this study is to further understand the role of top- 

Table 1 
Descriptive statistics for response times, trial level-bias score, N2pc amplitudes, and accuracy from both dot-probe and change-detection tasks.   

Index of attentional bias N2pc (μV) Memory 

CT (ms) IT (ms) TL-BS variability Ipsila-teral Contra-lateral Difference Accuracy 

HSA no load M 548.75 535.90 118.25 − 0.87 − 1.51 − 0.64 0.97 
SD 72.27 76.20 42.53 1.77 1.76 0.34 0.03 

low load M 661.18 666.57 177.21 − 1.35 − 1.53 − 0.16 0.94 
SD 130.46 117.72 82.63 1.18 1.26 0.55 0.03 

high load M 887.75 886.01 277.17 0.35 0.07 − 0.28 0.78 
SD 285.01 263.79 155.89 1.92 1.87 0.50 0.07 

LSA no load M 524.99 531.81 98.88 − 0.88 − 0.97 − 0.10 0.98 
SD 83.33 82.13 28.03 1.87 1.94 0.39 0.02 

low load M 644.76 656.03 170.15 − 0.93 − 1.06 − 0.13 0.93 
SD 83.57 89.85 52.03 2.13 2.12 0.50 0.04 

high load M 802.39 800.10 242.89 1.71 1.51 − 0.20 0.81 
SD 192.57 156.06 122.89 2.54 2.48 0.44 0.09 

Note: HSA = high socially anxious group; LSA = low socially anxious group; CT = congruent trial; IT = incongruent trial. 

3 No visual working memory (WM) load, MHSA-LSA = − 0.55, Standard Error 
(SE) = 0.11, p < 0.001; low WM load, MHSA-LSA = − 0.042, SE = 0.16, P = 0.786; 
high WM load, MHSA-LSA = − 0.08, SE = 0.14, P = 0.588.  

4 In the HSA group, Mno-low = − 0.47, SE = 0.11, p＜0.001; Mno-high =
− 0.37, SE = 0.12, P = 0.013; Mlow-high = 0.10, SE = 0.13, P = 1.00. 
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down and bottom-up attention on attentional bias in individuals with 
high social anxiety. To this end, participants were asked to perform a 
dot-probe task to measure their attentional bias and a change-detection 

task to compete their cognitive resource with the dot-probe task, and 
their RT and EEG were recorded. If the attentional bias toward threats is 
not affected by WM load, it suggests that the role of bottom-up attention 
in attentional bias is greater than that of top-down attention, vice versa. 
It was predicted that the HSA group would show the largest attentional 
bias toward threatening stimuli in no visual WM load condition, and 
reduce with visual WM load. Also, the greatest difference in attentional 
bias between the HSA and LSA groups would express in no visual WM 
load condition, and disappear with load. In electrophysiological results, 
we confirmed the modulation role of visual WM load in attentional bias 
in HSA group, which suggests the attentional bias in individuals with 
social anxiety could be influenced by top-down attention. Contrary to 
our prediction, we didn’t find this result in TL-BS variability, because of 
no significant interaction of Group × Visual WM load in TL-BS 
variability. 

In terms of behavioral results, the participants showed no group or 
visual WM load differences in TL-BS variability after controlling the 
standard deviation (SD) of neutral-neutral pair RT. Studies that conclude 
trial level bias score metrics are more reliable than the traditional 
attention bias measure (Amir et al., 2016; Caudek et al., 2017; Cox et al., 
2017) do not take into account the effect of RT SD on attentional bias 

Table 2 
The internal consistency reliability of the dot-probe task in the HSA and LSA groups under different conditions.   

CT no load IT no load CT low load IT low load CT high load IT high load variability no load variability low load variability high load 

HSA 0.95（92） 0.94（89） 0.96（84） 0.92（83） 0.97（70） 0.96（68） 0.90（78） 0.93（76） 0.94（52） 
LSA 0.97（92） 0.97（89） 0.91（84） 0.92（83） 0.96（70） 0.94（68） 0.88（78） 0.80（76） 0.95（52） 

Note: HSA = high socially anxious group; LSA = low socially anxious group; CT = congruent trial; IT = incongruent trial; the number of trials was shown in brackets 
(each participant each condition). 

Fig. 2. The grand averaged waveforms of ipsilateral and contralateral ERPs to disgust faces of HSA group and LSA group. The grey window represents the time 
window 170–232 ms. 

Fig. 3. The grand averaged waveforms of N2pc between HSA and LSA group under different visual WM load conditions. The grey window represents the time 
window 170–232 ms. 

Fig. 4. The N2pc amplitude of the HSA group and LSA group under no visual 
WM load, low visual WM load and high visual WM load (the error bar was 
standard error). 
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variability. TL-BS indices were found highly sensitive to increasing SD at 
the response time level, significant differences may be observed even if 
there is no bias present (Kruijt et al., 2016). Carlson and Fang (2020) 
found in non-clinical samples the superiority in reliability of the TL-BS 
variability due to the reliability of RT in general. And we extend this 
conclusion to individuals with social anxiety. As Carlson and Fang 
(2020) suggested general response variability should be removed from 
trial level bias score measures to ensure that they truly reflect attention 
bias variability. 

We confirmed Delchau et al. (2020)’s findings that higher levels of 
social anxiety were associated with increased attentional bias to threats 
under no visual WM load, not appeared under low and high visual WM 
load conditions by event-related potential (ERP) technique. In our study 
the largest N2pc effect appeared in no visual WM load condition in in-
dividuals with social anxiety. In addition, we added a LSA group as the 
control group, and found the greatest difference in N2pc between HSA 
and LSA groups showed in no visual WM load condition and was elim-
inated under low and high visual WM load conditions. Although some 
behavioral studies have shown the opposite (Boal et al., 2018; Goodwin 
et al., 2017), that the attentional bias to threatening in socially anxious 
individuals is automatic. On the one hand, the WM load manipulation in 
their studies did not comprehensively exhaust participants’ cognitive 
resources (Delchau et al., 2020). On the other hand, it should be noted 
that the RT index is not as direct as the ERP measures and is obtained 
after the offset of the threatening stimuli. It reflects attention allocation 
to probes that replace threat cues, rather than attention allocation to the 
cues per se. Hence, electrophysiological measures are an important 
complement to the attentional bias literature and should be widely used 
in measuring attentional bias. 

Because enhanced N2pc effect to threatening stimuli in individuals 
with social anxiety decreased with the visual WM load, the results 
suggest that top-down attention can be used to orient attention to threats 
in individuals with social anxiety. That is, individuals with social anxiety 
did not show a generic inability to use top-down attention. Indeed, the 
deficit in top-down attention in individuals with social anxiety was more 
selective. When they have few requirements on cognitive resource and 
they will, thus, allocate those spare resources to attending to threat. 
However, when cognitive resources are scarce, individuals with social 
anxiety can exert top-down control and inhibit the attraction of task- 
neutral stimuli. Anterior cingulate cortex mechanisms play a role in 
emotion regulation (Ochsner et al., 2012). Perceptual load modulated 
anterior cingulate cortex response to threat distractors. That is, in low 
perceptual load patients with social anxiety showed deficient rostral 
anterior cingulate cortex recruitment to fearful distractors. In high 
perceptual load, increased activation to fearful distractors was observed 
(Wheaton et al., 2014). 

The result that top-down attention plays a critical role in attentional 
bias has new implications for attentional bias modification training. As 
so far, the threat-avoidance modification is most widely used in atten-
tional bias training (MacLeod et al., 2002). It is based on the dot-probe 
task, and always present the probe in a neutral (or happy) face location, 
using implicit training to modify the direction of attention-orienting 
responses away from threat. Threat-avoidance modification showed 
promising effects in the early stage (Amir et al., 2009). But in recent 
years, more and more studies have found that threat-avoidance modi-
fication did not play the expected role in changing attentional bias to-
ward threatening stimuli (McNally et al., 2013; Rapee et al., 2013) and 
social anxiety symptoms (Boettcher et al., 2012, 2013). A positive search 
training which is developed in recent years shows a promising result in 
attentional bias modification (De Voogd et al., 2014; Waters et al., 2015, 
2016). In the positive search training, a picture array (9 or 16 pictures) is 
presented, which contains one or two nonthreat pictures (targets) 
embedded among negative and threat-related pictures (distractors). 
Participants are explicitly encouraged to ‘look for good’ or ‘look for 
calm’. The positive search training recruits top-down attention to 
oppose processing of task-irrelevant threat, and appears to be a 

promising candidate for attentional bias modification. 
One limitation of our study is the samples we used were non-clinical 

individuals with social anxiety and overwhelmingly female, so the 
generalizability of the results is limited. The other is, we didn’t find an 
effective behavioral indicator for attentional bias measurement. 

In this study we explore the relative contributions of top-down and 
bottom-up attention to attentional bias towards threatening stimuli in 
individuals with social anxiety. To our knowledge, this is the first study 
to employ the visual WM load as a secondary task that concurrent with 
the dot-probe task. In addition, the electrophysiological indicator, N2pc, 
provides insight into attentional bias toward threatening stimuli. We 
find the critical role of top-down attention for engaging attention with 
threat in socially anxious individuals, and the disgust face will be 
maximized only when individuals with high social anxiety have suffi-
cient cognitive resources. As the task becomes more difficult, the pref-
erence for disgust face in socially anxious individual is reduced. These 
results point out the direction of attentional bias modification training. 
It suggests that we can modify socially anxious individuals’ attentional 
bias towards threatening stimuli from the top-down attention, in turn, 
reduce their social anxiety. 

Credit author statement 

Jing Yuan/Writing, Data curation/ data Formal analysis /Writing – 
original draft, Qin Zhang-Methodology, Lixia Cui/Writing, Writing – 
review & editing, Funding acquisition, Supervision 

Funding 

This research was funded by the National Natural Science Founda-
tion of China (31571143 and 31470980). 

References 

Adam, K.C.S., Robison, M.K., Vogel, E.K., 2018. Contralateral delay activity tracks 
fluctuations in working memory performance. J. Cognit. Neurosci. 30 (9), 
1229–1240. 

Amir, N., Beard, C., Taylor, C.T., Klumpp, H., Elias, J., Burns, M., Chen, X., 2009. 
Attention training in individuals with generalized social phobia: a randomized 
controlled trial. J. Consult. Clin. Psychol. 77 (5), 961–973. 

Amir, I., Zvielli, A., Bernstein, A., 2016. (de)coupling of our eyes and our mind’s eye: a 
dynamic process perspective on attentional bias. Emotion 16 (7), 978–986. 

Bai, L., Ma, H., Huang, Y.X., Luo, Y.J., 2005. The development of native Chinese affective 
picture system – a pretest in 46 college students. Chin. Ment. Health J. 19 (11), 
719–722. https://doi.org/10.1016/j.molcatb.2005.02.001. 

Baddeley, A., 2010. Working memory. Curr. Biol. 20 (4), R136–R140. 
Baddeley, A.D., Hitch, G.J., 1974. Working memory. In: Bower, G.A. (Ed.), Recent 

Advances in Learning and Motivation, vol. 8. Academic Press, New York, pp. 47–89. 
Beck, A.T., Beck, R.W., 1972. Screening depressed patients in family practice. PGM 

(Postgrad. Med.) 52 (6), 81–85. 
Berggren, N., Richards, A., Taylor, J., Derakshan, N., 2013. Affective attention under 

cognitive load: reduced emotional biases but emergent anxiety-related costs to 
inhibitory control. Front. Hum. Neurosci. 7 article 188.  

Boal, H.L., Christensen, B.K., Goodhew, S.C., 2018. Social anxiety and attentional biases: 
a top-down contribution? Attention, Perception. & Psychophysics 80, 42–53. 

Boettcher, J., Berger, T., Renneberg, B., 2012. Internet-based attention training for social 
anxiety: a randomized controlled trial. Cognit. Ther. Res. 36, 522–536. 

Boettcher, J., Leek, L., Matson, L., Holmes, E.A., Browning, M., MacLeod, C., 
Andersson, G., Carlbring, P., 2013. Internet-based attention bias modification for 
social anxiety: a randomized controlled comparison of training towards negative and 
training towards positive cues. PloS One 8 (9), e71760. 

Carlson, J.M., Fang, L., 2020. The stability and reliability of attentional bias measures in 
the dot-probe task: evidence from both traditional mean bias scores and trial-level 
bias scores. Motiv. Emot. 44, 657–669. 

Caudek, C., Ceccarini, F., Sica, C., 2017. Facial expression movement enhances the 
measurement of temporal dynamics of attentional bias in the dot-probe task. 
Behavior Research & Therapy 95, 58–70. 

Cisler, J.M., Koster, E.H.W., 2010. Mechanisms of attentional biases towards threat in 
anxiety disorders: an integrative review. Clin. Psychol. Rev. 30 (2), 203–216. 

Corbetta, M., Shulman, G.L., 2002. Control of goal-directed and stimulus-driven 
attention in the brain. Nat. Rev. Neurosci. 3 (3), 215–229. 

Cox, J.A., Christensen, B.K., Goodhew, S.C., 2017. Temporal dynamics of anxiety-related 
attentional bias: is affective context a missing piece of the puzzle? Cognit. Emot. 32 
(3), 1–10. 

J. Yuan et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0028-3932(20)30403-6/sref1
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref1
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref1
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref2
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref2
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref2
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref3
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref3
https://doi.org/10.1016/j.molcatb.2005.02.001
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref5
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref6
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref6
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref7
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref7
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref8
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref8
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref8
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref9
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref9
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref10
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref10
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref11
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref11
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref11
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref11
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref12
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref12
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref12
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref13
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref13
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref13
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref14
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref14
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref15
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref15
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref16
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref16
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref16


Neuropsychologia 151 (2021) 107731

8

Delchau, H.L., Christensen1, B.K., O’Kearney, R., Goodhew, S.C., 2020. What is top- 
down about seeing enemies? Social anxiety and attention to threat. Atten. Percept. 
Psychophys. 82, 1779–1792. 

De Voogd, E.L., Wiers, R.W., Prins, P.J.M., Salemink, E., 2014. Visual search attentional 
bias modification reduced social phobia in adolescents. J. Behav. Ther. Exp. 
Psychiatr. 45, 252–259. 

Dodd, H.F., Vogt, J., Turkileri, N., Notebaert, L., 2017. Task relevance of emotional 
information affects anxiety-linked attention bias in visual search. Biol. Psychol. 122, 
13–20. 

Goodhew, S.C., Edwards, M., 2019. Translating experimental paradigms into individual- 
differences research: contributions, challenges, and practical recommendations. 
Conscious. Cognit. 69, 14–25. 

Goodwin, H., Eagleson, C., Mathews, A., Yiend, J., Hirsch, C., 2017. Automaticity of 
attentional bias to threat in high and low worriers. Cognit. Ther. Res. 41, 479–488. 

Grafton, B., MacLeod, C., 2014. Enhanced probing of attentional bias: the independence 
of anxiety-linked selectivity in attentional engagement with and disengagement from 
negative information. Cognit. Emot. 28 (7), 1287–1302. 

He, Y.L., Zhang, M.Y., 2004. Psychometric investigation of Liebowitz social anxiety scale. 
Journal of Diagnostics Concepts and Practice 3 (2), 89–93. https://doi.org/10.3969/ 
j.issn.1671-2870.2004.02.009. 

Heimberg, R.G., Brozovich, F.A., Rapee, R.M., 2010. A cognitive-behavioralmodel of 
social anxiety disorder: update and extension. In: Hofmann, S.G., DiBartolo, P.M. 
(Eds.), Social Anxiety: Clinical, Developmental, and Social Perspectives, second ed. 
Academic Press, Waltham, MA, pp. 395–422. 

Holmes, A., Mogg, K., Fockert, J.D., Nielsen, M.K., Bradley, B.P., 2014. 
Electrophysiological evidence for greater attention to threat when cognitive control 
resources are depleted. Cognit. Affect Behav. Neurosci. 14 (2), 827–835. 

Judah, M.R., Grant, D.M., Lechner, W.V., Mills, A.C., 2013. Working memory load 
moderates late attentional bias in social anxiety. Cognit. Emot. 27 (3), 502–511. 

Kappenman, E.S., Farrens, J.L., Luck, S.J., Proudfit, G.H., 2014. Behavioraland ERP 
measures of attentional bias to threat in the dot-probe task: poor reliability and lack 
of correlation with anxiety. Front. Psychol. 5 article 1368.  

Kappenman, E.S., Macnamara, A., Proudfit, G.H., 2015. Electrocortical evidence for 
rapid allocation of attention to threat in the dot-probe task. Soc. Cognit. Affect 
Neurosci. 10 (4), 577–583. 

Kiss, M., van Velzen, J., Eimer, M., 2010. The N2pc component and its links to attention 
shifts and spatially selective visual processing. Psychophysiology 45 (2), 240–249. 

Klumpp, H., Angstadt, M., Nathan, P.J., Phan, K.L., 2010. Amygdala reactivity to faces at 
varying intensities of threat in generalized social phobia: an event-related functional 
MRI study. Psychiatry Res. Neuroimaging. 183 (2), 167–169. 

Koster, E.H.W., Crombez, G., Verschuere, B., De Houwer, J., 2004. Selective attention to 
threat in the dot probe paradigm: differentiating vigilance and difficulty to 
disengage. Behavior Research and Therapy 42 (10), 1183–1192. 

Kruijt, A.-W., Field, A.P., Fox, E., 2016. Capturing dynamics of biased attention: new 
attention bias variability measures the way forward? PloS One 11 (11), e0166600. 

Lazarov, A., Abend, R., Bar-Yair, H., 2016. Social anxiety is related to increased dwell 
time on socially threatening faces. J. Affect. Disord. 193, 282–288. 

Liebowitz, M.R., 1987. Social phobia. Mod. Probl. Pharmacopsychiatr. 22, 141–173. 
Luck, S.J., Hillyard, S.A., 1994. Electrophysiological correlates of feature analysis during 

visual search. Psychophysiology 31 (3), 291–308. 
Luria, R., Balaban, H., Awh, E., Vogel, E.K., 2016. The contralateral delay activity as a 

neural measure of visual working memory. Neurosci. Biobehav. Rev. 62, 100–108. 
Lv, C., Niu, Q.Y., Zhang, X.M., 2014. Attentional bias to negative stimulus in anxiety 

individuals. Chin. Ment. Health J. 28, 208–214. https://doi.org/10.3969/j. 
issn.1000-6729.2014.03.009. 

MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., Holker, L., 2002. Selective 
attention and emotional vulnerability: assessing the causal basis of their association 
through the experimental manipulation of attentional bias. J. Abnorm. Psychol. 111 
(1), 107–123. 

MacNamara, A., Jackson, T.B., Fitzgerald, J.M., Hajcak, G., Phan, K.L., 2019. Working 
memory load and negative picture processing: neural and behavioral associations 
with panic, social anxiety, and positive affect. Biol. Psychiatr.: Cognitive 
Neuroscience & Neuroimaging 4 (2), 151–159. 

MacNamara, A., Proudfit, G.H., 2014. Cognitive load and emotional processing in 
generalized anxiety disorder: electrocortical evidence for increased distractibility. 
J. Abnorm. Psychol. 123 (3), 557–565. 

McNally, R.J., 2019. Attentional bias for threat: crisis or opportunity? Clin. Psychol. Rev. 
69, 4–13. 

McNally, R.J., Enock, P.M., Tsai, C., Tousian, M., 2013. Attention bias modification for 
reducing speech anxiety. Behavior Research and Therapy 51, 882–888. 

Miyake, A., Friedman, N.P., Rettinger, D.A., Shah, P., Hegarty, M., 2001. How are 
visuospatial working memory, executive functioning, and spatial abilities related? a 
latent-variable analysis. J. Exp. Psychol. Gen. 130 (4), 621–640. 

Moriya, J., Tanno, Y., 2011. Exogenous attention to angry faces in social anxiety: a 
perceptual accuracy approach. Cognit. Emot. 25 (7), 1165–1175. 

Mueller, E.M., Hofmann, S.G., Santesso, D.L., Meuret, A.E., Bitran, S., Pizzagalli, D.A., 
2009. Electrophysiological evidence of attentional biases in social anxiety disorder. 
Psychol. Med. 39 (7), 1141–1152. 

Ochsner, K.N., Silvers, J.A., Buhle, J.T., 2012. Functional imaging studies of emotion 
regulation: a synthetic review and evolving model of the cognitive control of 
emotion. Ann. N. Y. Acad. Sci. 1251 (1), E1–E24. 

Pan, J.Y., Zhang, J.H., Ma, P., Liang, H.J., Wang, H.L., Tao, J., Wen, S.L., Zhang, J.P., 
2006. The utility of Liebowitz Social Anxiety Scale in the patients with social anxiety 
disorder in Chinese. Chin. J. Nerv. Ment. Dis. 32, 206–210. https://doi.org/10.3969/ 
j.issn.1002-0152.2006.03.003. 

Qi, S.Q., Zeng, Q.H., Luo, Y.M., Duan, H.J., Ding, C., Hu, W.P., Li, H., 2014. Impact of 
working memory load on cognitive control in trait anxiety: an ERP study. PloS One 9 
(11), e111791. 

Rapee, R.M., Heimberg, R.G., 1997. A cognitive-behavioral model of anxiety in social 
phobia. Behavior research and therapy 35 (8), 741–756. 

Rapee, R.M., MacLeod, C., Carpenter, L., Gaston, J.E., Frei, J., Peters, L., Baillie, A.J., 
2013. Integrating cognitive bias modification into a standard cognitive behavioral 
treatment package for social phobia: a randomized controlled trial. Behavior 
Research and Therapy 51, 207–215. 

Reutter, M., Hewig, J., Wieser, M.J., Osinsky, R., 2017. The N2pc component reliably 
captures attentional bias in social anxiety. Psychophysiology 54 (4), 519–527. 

Rossignol, M., Philippot, P., Bissot, C., Rigoulot, S., Campanella, S., 2012. 
Electrophysiological correlates of enhanced perceptual processes and attentional 
capture by emotional faces in social anxiety. Brain Res. 1460, 50–62. 

Shipstead, Z., Lindsey, D.R.B., Marshall, R.L., Engle, R.W., 2014. The mechanisms of 
working memory capacity: primary memory, secondary memory, and attention 
control. J. Mem. Lang. 72, 116–141. 

Tsuji, Y., Shimada, S., 2017. Socially anxious tendencies affect neural processing of gaze 
perception. Brain Cognit. 118, 63–70. 

Wager, T.D., Smith, E.E., 2003. Neuroimaging studies of working memory: a meta- 
analysis. Cognit. Affect Behav. Neurosci. 3 (4), 255–274. 

Waechter, S., Nelson, A.L., Wright, C., Hyatt, A., Oakman, J., 2014. Measuring 
attentional biases to threat: reliability of dot probe and eye movement indices. 
Cognit. Ther. Res. 38, 313–333. 

Waechter, S., Stolz, J.A., 2015. Trait anxiety, state anxiety, and attentional bias to threat: 
assessing the psychometric properties of response time measures. Cognit. Ther. Res. 
39, 441–458. 

Waters, A.M., Zimmer-Gembeck, M.J., Craske, M.G., Pine, D.S., Bradley, B.P., Mogg, K., 
2015. Look for good and never give up: a novel attention training treatment for 
childhood anxiety disorders. Behavior Research and Therapy 73, 111–123. 

Waters, A.M., Zimmer-Gembeck, M., Craske, M.G., Pine, D.S., Bradley, B.P., Mogg, K., 
2016. A preliminary evaluation of a home-based, computer-delivered attention 
training treatment for anxious children living in regional communities. Journal of 
Experimental Psychopathology 7 (3), 511–527. 

Wheaton, M.G., Fitzgerald, D.A., Phan, K.L., Klumpp, H., 2014. Perceptual load 
modulates anterior cingulate cortex response to threat distractors in generalized 
social anxiety disorder. Biol. Psychol. 101, 13–17. 

Wieser, M.J., Hambach, A., Weymar, M., 2018. Neurophysiological correlates of 
attentional bias for emotional faces in socially anxious individuals – evidence from a 
visual search task and N2pc. Biol. Psychol. 132, 192–201. 

Woodman, G.F., Luck, S.J., 2003. Serial deployment of attention during visual search. 
J. Exp. Psychol. Hum. Percept. Perform. 29, 121–138. 

Zvielli, A., Bernstein, A., Koster, E.H.W., 2014. Dynamics of attentional bias to threat in 
anxious adults: bias towards and/or away? PloS One 9 (8), e104025. 

Zvielli, A., Bernstein, A., Koster, E.H.W., 2015. Temporal dynamics of attentional bias. 
Clinical Psychological Science 3 (5), 772–788. 

J. Yuan et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0028-3932(20)30403-6/sref17
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref17
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref17
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref18
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref18
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref18
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref19
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref19
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref19
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref20
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref20
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref20
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref21
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref21
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref22
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref22
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref22
https://doi.org/10.3969/j.issn.1671-2870.2004.02.009
https://doi.org/10.3969/j.issn.1671-2870.2004.02.009
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref24
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref24
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref24
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref24
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref25
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref25
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref25
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref26
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref26
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref27
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref27
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref27
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref28
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref28
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref28
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref29
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref29
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref30
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref30
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref30
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref31
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref31
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref31
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref32
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref32
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref33
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref33
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref34
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref35
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref35
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref36
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref36
https://doi.org/10.3969/j.issn.1000-6729.2014.03.009
https://doi.org/10.3969/j.issn.1000-6729.2014.03.009
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref38
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref38
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref38
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref38
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref39
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref39
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref39
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref39
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref40
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref40
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref40
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref41
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref41
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref42
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref42
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref43
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref43
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref43
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref44
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref44
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref45
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref45
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref45
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref46
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref46
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref46
https://doi.org/10.3969/j.issn.1002-0152.2006.03.003
https://doi.org/10.3969/j.issn.1002-0152.2006.03.003
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref48
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref48
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref48
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref49
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref49
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref50
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref50
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref50
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref50
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref51
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref51
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref52
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref52
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref52
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref53
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref53
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref53
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref54
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref54
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref55
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref55
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref56
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref56
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref56
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref57
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref57
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref57
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref58
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref58
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref58
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref59
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref59
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref59
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref59
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref60
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref60
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref60
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref61
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref61
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref61
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref62
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref62
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref63
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref63
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref64
http://refhub.elsevier.com/S0028-3932(20)30403-6/sref64

	Disgust face captures more attention in individuals with high social anxiety when cognitive resources are abundant: Evidenc ...
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Questionnaires
	2.2.1 Liebowitz Social Anxiety Scale
	2.2.2 Beck depression inventory
	2.2.3 Ishihara color test (ICT)

	2.3 Materials
	2.4 Procedure
	2.5 Behavior measurement and attentional bias index (TL-BS variability) calculation
	2.6 EEG recording and analysis

	3 Results
	3.1 Behavior data
	3.1.1 Attentional bias (dot-probe task)
	3.1.2 Visual working memory test (change-detection task)

	3.2 EEG data

	4 Discussion
	Credit author statement
	Funding
	References


