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Attention bias (ABs) to threat is essential in the etiology and maintenance of test anxiety. However, little is
known about the attention pattern of ABs in test anxiety. The stimulus duration affects the attention pattern in
anxiety. Thus, the present research combined the dot-probe paradigm and event-related potentials (ERPs) and
varied the stimulus duration (100 ms or 500 ms) to test the ABs in test anxiety. Consequently, both groups
showed a threat N2pc in 100 ms and 500 ms duration, suggesting that both groups allocated attention to the test-
related threat. However, in the 100 ms duration, the high test-anxious (HTA) group had smaller target-elicited P1
and greater target-elicited N2 in the threat-congruent condition than in the neutral condition. In the 500 ms
duration, an earlier threat N2pc and a threat PD followed a greater target P1, and smaller target N2 were
pronounced in the HTA group. The current results provided electrophysiological evidence that the HTA group
kept a dynamic attention pattern that fluctuated shift between vigilance and avoidance in the 100 ms and 500 ms
duration. The HTA group was more vigilant than the LTA group in the 500 ms duration when strategic attention

was concerned, proposing that vigilance in test anxiety was not an automatic process.

1. Introduction

Test anxiety is situation-specific trait anxiety (Spielberger et al.,
1976), where individuals are characterized by excessive fear or worry of
poor performance and resulting anxiety-related cognitive, physiological,
or emotional reactions before, during, and after test situations (Burcas
et al. (2020); von der Embse et al., 2018; Zeidner, 1998). High
test-anxious (HTA) individuals consider anything concerning the test or
evaluative situation as a threat and have been associated with attention
bias (ABs) to test-related threats (Dong et al., 2017; Jastrowski Mano
etal., 2018), which is an essential factor in the etiology and maintenance
of anxiety (Bar-Haim et al., 2007; Colin et al., 2019; Goodwin et al.,
2017; McNally, 2018). Also, attentional bias modification (ABM) has
been proposed as an efficient enhancing treatment for anxiety reduction
(Bar-Haim, 2010) and a prevention tool for decreasing anxiety suscep-
tibility (e.g., MacLeod et al. (2016); Reutter et al., 2019).

Researchers have mixed findings on ABs in anxiety. Some assumed
that ABs in anxiety are expressed in a consistent manner, which is

characterized as either vigilance or maintenance of threats (e.g., Boll
et al., 2016; Capriola-Hall et al., 2020; Cui et al., 2020; Wermes et al.,
2018). Other research suggested dynamic ABs variability fluctuating
toward or away from threatening information from moment to moment
(Evans et al., 2020; Zvielli et al., 2015; Zvielli et al., 2014). The ABs in
test anxiety have been widely proved in a consistent manner. For
example, previous research with a dot-probe task found that HTA stu-
dents exhibit ABs to test-related words unique in the evaluative situation
(Putwain et al., 2011). Moreover, Jastrowski Mano and colleagues
(2018) reported ABs toward school-related images without the evalua-
tive stressor. Zhang et al. (2018) concluded that high test-anxious in-
dividuals showed ABs by enhanced N2 amplitude toward the test-related
threat. However, Liu et al. (2015) indicated a difficult disengagement
when test-related threats appeared as an invalid cue in an emotional
spatial cue task.

The threat discrimination and cognitive control model (TDCM)
suggests that the dynamic variability in ABs may be attributed to the
higher sensitivity to threats and poorer cognitive control in anxiety
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(Dennis-Tiwary et al., 2019). The higher sensitivity to threats and poor
cognitive control in test anxiety has been proved as the HTA individuals
were more vigilant to the low-threatening information and showed in-
hibition deficits in the flanker and Stroop task (Dong et al., 2017; Wei
et al. (2021); Wei et al. (2021); Zhang et al., 2019). According to the
TDCM (Dennis-Tiwary et al., 2019), the higher sensitivity to threats and
poorer cognitive control in test anxiety possibly resulted in a dynamic
attention pattern. Previous research did not temporally distinguish the
patterns of ABs in test anxiety and failed to find a dynamic pattern (e.g.,
Jastrowski Mano et al., 2018; Liu et al. (2015); Putwain et al., 2011;
Zhang et al., 2018). Event-related potentials (ERPs) findings suggested
that ABs to threats may rapidly fluctuate from initial vigilance to
avoidance under 500 ms (Buodo et al., 2010). Thus, the sensitive
physiological ERPs could temporally measure the dynamic pattern of
ABs anxiety over the time course of the assessment. It would be crucial to
examine whether the HTA individuals showed a dynamic ABs variability
with the temporal ERPs.

Previous research suggests that automatic vigilance to threats is the
main factor in the vulnerability to anxiety disorders (Beck & Clark,
1997; Mathews & Mackintosh, 1998). However, Hu et al. (2021) indi-
cated that early vigilance to the test-related threat is specified in the
task-relevant condition, suggesting that vigilance in test anxiety may not
be automatic. A few competing items in a visual search task increase the
perceptual load and greater stimulus eccentricity, affecting the early
orienting to threat (Richards et al., 2014). Thus, the previous finding
may be caused by the specific task used. Besides, a 100 ms duration
probably reflects automatic initial shifts in attention, and multiple
attentional shifts can occur within 500 ms stimulus presentation (Cooper
& Langton, 2006). Thus, 100 ms and 500 ms durations could assess both
the automatic covert attention and the controlled overt attention
(Cooper et al., 2006; Gronchi et al., 2018; Mingtian et al., 2011). The
present research would vary the stimulus duration (100 ms/500 ms) to
investigate whether vigilance in test anxiety is automatic. Previous
findings commonly show ABs toward threatening information at shorter
stimulus durations (<500 ms Bar-Haim et al., 2007), whereas no bias or
threat avoidance appears at longer durations (500 ms; Gronchi et al.,
2018; Mogg et al. (2016)). Thus, it is unclear whether the stimulus
duration would affect attention patterns in test anxiety.

ERPs measures can help elucidate the cognitive processes in the
temporal processing stream. Previous research found a dynamic ABs
variability in anxiety relies on a single response time measure per trial
(e.g., Zvielli et al., 2014). The behavioral index concerning several
processing stages (e.g., action preparation, motor execution) may
interfere with assessing ABs towards the threat (Wieser et al. (2020)).
Thus, the present research aimed to characterize ABs patterns in test
anxiety by combining the temporal ERPs components and classic
dot-probe tasks. The cue and probe ERPs are analyzed separately in the
dot-probe task paradigm. Amplitude or latency modulations of the cue
ERPs may indicate ABs occurring at the early processing stages. In
contrast, the probe ERPs may indicate ABs occurring at later processing
stages (Gupta et al., 2019). For the cue-locked ERPs, we would analyze
the threat N2pc (The posterior contralateral N2, N2pc) and PD (Dis-
tractor positivity, PD). The N2pc reflected attentional selection of the
stimuli, which occurs 200-300 ms after the onset of a search display (e.
g., Hickey et al.,, 2006; Luck et al. (1994))). The N2pc was more
remarkable to the attended than the unattended stimulus (Holmes et al.,
2009; Kappenman et al., 2014). Attentional selection of threat or salient
distractor indexed by N2pc is magnified for individuals with high anx-
iety levels (Gaspar et al. (2018); Salahub et al., 2020). The PD is an
enhanced positive component elicited over posterior brain areas
contralateral to the distractor 300 and 400 ms after search display onset.
The PD has been used to measure active inhibition/ suppression of the
distractor (e.g., Hickey et al., 2009; Sawaki et al., 2012). Previous
research on PD found that anxiety was related to the reactive suppres-
sion of conditioned threats (Kappenman et al., 2021). In addition to
recording the cue-elicited N2pc and PD, we also analyzed the target P1,
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N2, and P3. The P1 amplitudes reflect attentional and arousal differ-
ences in early-stage perceptual processing (Luck, 2006). The N2 is an
early negative-going visual component appearing just after the P1.
Greater amplitudes for this component have been linked to discrimi-
nating between stimuli (Ehrlich et al., 2015). The P3 appears as a pos-
itive deflection at the posterior parietal 300 ms after stimulus onset,
particularly sensitive to attention selection (Polich, 2007).

The TDCM suggests that the higher sensitivity to threats and poorer
cognitive control shown in anxious individuals contributed to the dy-
namic variability of ABs in anxiety (Dennis-Tiwary et al., 2019). More-
over, previous research proved that HTA individuals have a higher
sensitivity to test-related threats and deficits in cognitive control (Dong
et al., 2017; Wei et al., 2021a; Wei et al., 2021b; Zhang et al., 2019).
Accordingly, we hypothesized that the HTA group would express a dy-
namic attention pattern to the test-related threat. For 100 ms duration,
the HTA group would show vigilance towards the test-related threat by
showing a threat cue-elicited N2pc and rapid attentional avoidance after
the vigilance by offering a smaller target P1. For 500 ms duration, the
HTA group would show a dynamic vigilance-avoidance pattern by a
threat cue-elicited N2pc and followed a PD in a cue display and a greater
target P1 with a smaller target N2 in a probe display. Besides, previous
research suggested that the automatic vigilance of the threat is the main
characteristic of anxiety (Beck et al., 1997; Mathews et al., 1998). Thus,
we predicted that the HTA group would emerge earlier threat
cue-elicited N2pc than the low test-anxious (LTA) group in 100 ms
duration.

2. Method
2.1. Participants

Initially, 386 students volunteered to fill out the Chinese version of
the test anxiety scale (TAS-Q)' (Wang, 2001). TAS-C scores of 20 or
above were considered for HTA (89) and 12 or lower for LTA (76)
(Newman, 1996). In line with this, we obtained 159 participants, 83 in
the HTA and 76 in the LTA group. Other students refused to participate
in the experiment after they knew the details of the electroencepha-
lography (EEG) experiments. Fifty-two participants (age range: 18-25)
divided into one HTA and one LTA group attended the final experiments,
with 26 participants in the HTA group (15 males, M TAS-C scores =
24.38; SD TAS-C scores =4.03, M age = 21.23; SD age = 1.48) and 26 in
the LTA group (11 males, M TAS-C scores = 8.92, SD TAS-C scores
=3.41, M age = 21.12; SD age = 1.88). An independent-sample t-test
conducted with TAS-C scores showed that the scores of the HTA group
were significantly higher than the LTA group, #(50) = 14.94, p < 0.01.

All participants who attended experiments gave informed consent
and were paid ¥ 40 for their time. All were naive to the purpose of the
study and reported having normal or corrected to normal vision and
declared themselves free of neurological disorders. All procedures were
in accordance with the ethical principles of human experimentation and
with the approval of the ethical committee of the University.

2.2. Stimulus, apparatus, and procedure

Thirty test-related words and 30 neutral words were used as word
pairs. Word pairs were presented between the left and right sides in Song
font size 36 and were 4 cm apart. These words were selected from the
Test Anxiety Word System, which provided a standard set of test-

1 TAS-C was revised from the test anxiety scale (TAS) by Sarason (1978).
There are 37 items of TAS-C, which are scored using the two true/false answer
categories. The total score of TAS-C ranges from 0 to 37, while the higher score
indicates higher test anxiety. The reliability and validity have been established
in previous research (Wang, 2001). Moreover, the internal reliability coefficient
for the present study was 0.82.
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relevant stimuli with normative ratings on test relevance, arousal, and
familiarity. The test-related word is a Chinese two-character noun used
to describe testing or evaluative situation (i.e., “test papers”). The
neutral word is a Chinese two-character noun for daily supplies (i.e.,
“chairs”) (Yu et al, 2011). A paired-sample t-test found that the
test-relevant scores of test-relevant words were significantly higher than
test-irrelevant words (4.62 vs. 2.89), t(52) = 11.94, p < 0.001. No dif-
ferences were found with the scores of familiarities, t(58) = 1.17, p =
0.245; 5.97 vs. 6.09).

Participants took part in the experiment individually. As shown in
Fig. 1, each trial started with a 1° x 1° fixation cross on the center for
750-1350 ms, followed by a word pair for 100 ms or 500 ms. The
location of the neutral words in each trial was equally likely to be left or
right. After the cue and a 300 ms interval, a target (one upper or lower
arrow) was presented with a duration of 150 ms. In threat-congruent
trials, the target appeared at the location previously occupied by the
test-related words; in threat-incongruent trials, the target was previ-
ously occupied by the neutral words. In the neutral condition (the word
pairs were the neutral word), the target equally appeared on the left and
right. In the response trials (10%), targets were either upper or lower
arrows (upper or bottom pointing with equal regularity) again decided
randomly at the outset but presented in the same sequence for each
participant. Participants were instructed to press the F key in response to
an upper arrow key and the J key in response to a bottom arrow. In the
trials without response (90%), the target was the “< >,” and participants
were instructed not to respond.

Participants had to complete 400 trials with a word pair consisting of
a test-related word and a neutral word in each duration (200 trials for
threat-congruent condition and 200 trials for threat-incongruent con-
dition). The word pair in the other 200 trials consisted of two neutral
words. Each participant did 24 practice trials and performed 1200
formal trials. Participants had a break every 100 trials.

2.3. Electrophysiology

The electrophysiological (EEG) data were using 66 Ag-AgCl scalp
electrodes placed according to the International 10/20 system at a
1000 Hz sampling rate with “Neuroscan (USA)” amplifiers. The im-
pedances were kept below10 kQ. The electrode placed on the left mas-
toid served as a reference during recording and re-referenced offline to
the average left/right mastoid. The horizontal and vertical EOG signals
were measured from electrodes 1 cm lateral to the outer canthi of each
eye and from an electrode placed below the right eye.

The EEG data analyses were performed in MATLAB using EEGLAB
Toolbox (Delorme et al., 2004) and ERPLAB Toolbox (Lopez-Calderon
etal., 2014) and resampled offline to 500 Hz. Continuous EEG data were
filtered with a 30 Hz low-pass filter and a 0.1 Hz high-pass filter.

1000ms ZEEE + %W

100ms 2%
500ms

300ms

150ms

1700ms

Fig. 1. Example of the flow of events on trial.
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Cue-locked epochs were computed with a 500 ms epoch starting 100 ms
before and ending 400 ms after the onset of the word pair in the 100 ms
duration. A 600 ms epoch starting 100 ms before and ending 500 ms
after the beginning of the word pair was computed in the 500 ms
duration. Target locked epochs were extracted from 100 ms before
target onset, lasting 600 ms in both 100 ms and 500 ms duration.
Baselines were computed using 100 ms pre-stimulus. Independent
component analysis (ICA) was applied to correct eye blinks and hori-
zontal eye movements. The criterion for excluding an ICA component
was the consistency between the shape, timing, and spatial location of
the component. Finally, trials with amplitude values exceeding + 75pV
at any electrode were rejected.

Four participants (2 participants of the HTA group and 2 participants
of the LTA group) were excluded from the final analyses as more than
25% of trials were rejected. The average percentage of abandoned trials
was 11% (range 1.6-23.47%).

We selected five pairs of sites (P3 and P4, P5 and P6, P7 and P8, PO3
and PO4, and PO7 and PO8) for calculating N2pc and PD as these pos-
terior electrodes usually selected by previous research (Luck, 2011;
Wieser et al., 2018). The N2pc and PD were quantified based on mean
amplitudes within three successive time windows (early N2pc:
180-250 ms; late N2pc: 250-320 ms; PD: 360-430 ms) (Holmes et al.,
2009). The N2pc and PD were quantified as the
contralateral-minus-ipsilateral difference waveform of the test-related
threat cue. A significant effect of contra-laterality would indicate the
presence of the N2pc and PD. For the cue-locked ERPs, we aimed to
distinguish the ERPs data between the threat-present and neutral con-
ditions data. Thus, we combined the threat-congruent and
threat-incongruent condition data and regarded them as the
threat-present condition. Accordingly, we conducted 2 (group: HTA,
LTA) x 2 (contra-laterality: contralateral, ipsilateral) x 2 (condition:
threat-present, neutral) repeated measures ANOVA for the cue-locked
N2pc and PD in 100 ms and 500 ms duration. Onset latencies of the
N2pc were measured using jack-knife sub-averages (each sub-averaged
based on data sets of each group) following conventional jack-knife
methods to correct statistical values. Onset latency was defined as
when the activity reached 75% of its peak amplitude. Before testing for
significance, the t-values should be adjusted according to (Ulrich et al.
(2001)).

t. = t/(n-1)

The t was the t-value of t-tests, and n was the number of samples.

For the target-locked ERPs, we analyzed the P1 (140-190 ms), N2
(150-250 ms), and P3 (350-500 ms) components. The time window is
selected around the peak of each ERPs component (Pintzinger et al.,
2017). The electrode site was selected from posterior electrodes sug-
gested by previous studies (Pintzinger et al., 2017; Santesso et al., 2008).
To increase analysis sensitivity and because of differential hemispheric
effects, we combined electrodes into three clusters: posterior left (P3,
P7, 01, PO3, PO7) and posterior right (P4, P8, 02, PO4, PO8) (Wieser
et al., 2018). We did a 2 (group: HTA, LTA) x 2 (stimulus duration:
100 ms, 500 ms) x 3 (condition: threat-congruent, threat-incongruent,
neutral) repeated-measures ANOVAs for the target-locked P1, N2, and
P3 separately for 2 clusters.

Data were analyzed with SPSS 23.0. A p-value less than 0.1 but
greater than 0.05 was considered marginally significant (e. g., Gaspelin
et al. (2018)). Pairwise comparisons and simple effects were conducted
with a Bonferroni correction. To avoid contamination from the motor
response, ERPs analyses were restricted to trials without manual
response to avoid contamination from the motor response (Holmes et al.,
2008).
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3. Results
3.1. Behavioural data

Firstly, we analyzed the accuracy of the task. A 2 (group: HTA, LTA)
x 2 (stimulus duration: 100 ms, 500 ms) x 3 (condition: threat-
congruent, threat-incongruent, neutral) repeated-measures ANOVAs of
accuracy found the main effect of the stimulus duration, F(1, 46)= 5.15,
p =0.028, ng = 0.103, the accuracy with 100 ms duration (M = 99.6%,
95% CI = [99.48%, 99.72%]) was greater than 500 ms duration (M =
99.43%, 95% CI = [99.27%, 99.59%]). No other significant effects were
observed (see Table 1), F < 1.9, p > 0.175, 1]1% < 0.04.

Secondly, we analyzed the response times (RTs) of 10% trials with
motor response. A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms,
500 ms) x 3 (condition: threat-congruent, threat-incongruent, neutral)
repeated-measures ANOVAs of RTs found the main effects of the stim-
ulus duration, F(1, 46)=9.47, p = 0.004, ng =0.171, the RTs with
100 ms duration (M = 670, 95% CI = [641,698]) were shorter than
500 ms duration (M = 692, 95% CI = [660,724]). The main effects of
group were significant, F(1, 46)= 4.72, p = 0.035, n% = 0.093, the RTs
of the HTA group (M = 649, 95% CI = [608,691]) were faster than the
LTA group (M = 712, 95% CI = [671,754]). No other significant effects
were observed, F < 2.051, p > 0.134, 12 < 0.043.

3.2. ERP data

3.2.1. The Cue-locked early N2pc

The grand average cue-locked ERPs are shown in Fig. 2. In the
100 ms duration, a 2 (group: HTA, LTA)x 2 (contra-laterality: contra-
lateral, ipsilateral) x 2 (condition: threat-present, neutral) repeated
measures ANOVA for early N2pc amplitude revealed a significant main
effect of contra-laterality, F(1, 46)=7.21, p = 0.01, ng =0.136. The
condition x Contra-laterality interaction was significant, F(1, 46)=
4.85, p=0.033, ng = 0.095. Further simple effect analysis found a
significantly enhanced contralateral effect in the neutral condition
(contralateral: M = —1.54, 95% CI = [—2.07, —1.01], p = 0.005; ipsi-
lateral: M = —1.38, 95% CI = [-1.91, —0.86]), whereas no significant
contralateral effect emerged in the threat-present condition (contralat-
eral: M = —1.46, 95% CI = [-1.96, —0.98], p = 0.506; ipsilateral: M =
—1.45, 95% CI = [—1.94, —0.95]). No other significant effects were
observed, F < 2.16, p > 0.149, n2 < 0.045.

In the 500 ms duration, a 2 (group: HTA, LTA)x 2 (contra-laterality:
contralateral, ipsilateral) x 2 (condition: threat-present, neutral)
repeated measures ANOVA for early N2pc had no significant effects, F
<0.93,p > 0.34, p® < 0.02.

3.2.2. The Cue-locked late N2pc

In the 100 ms duration, a 2 (group: HTA, LTA)x 2 (contra-laterality:
contralateral, ipsilateral) x 2 (condition: threat-present, neutral)
repeated measures ANOVA for late N2pc amplitude revealed that a
significant main effect of contra-laterality, F(1, 46)= 17.33,p < 0.01, n%
= 0.274. The condition x Contra-laterality interaction was significantly,
FQ1, 46)=6.47, p = 0.014, ng = 0.123, further simple effect analysis
found no significant enhanced contralateral effect in the neutral con-
dition (contralateral: M = —0.25, 95% CI = [—0.7, 0.2], p = 0.181;
ipsilateral: M = —0.18, 95% CI = [—0.63, 0.26]), whereas a significant
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(contralateral: M = —0.39, 95% CI = [—0.83, 0.06], p < 0.001; ipsilat-
eral: M = —0.15, 95% CI = [—0.58, 0.28]). No other significant effects
were observed, F < 1.66, p > 0.204, n3 < 0.035.

In the 500 ms duration, a 2 (group: HTA, LTA) x 2 (contra-laterality:
contralateral, ipsilateral) x 2 (condition: threat-present, neutral)
repeated measures ANOVA for late N2pc amplitude revealed that a
significant main effect of contra-laterality, F(1, 46)= 4.27, p = 0.044, T]IZ,
= 0.085. The condition x Contra-laterality interaction was significant, F
(1, 46)=5.09, p = 0.029, ng = 0.1. Further simple effect analysis found
no significant enhanced contralateral effect in the neutral condition
(contralateral: M = 1.08, 95% CI = [0.59, 1.57], p = 0.839; ipsilateral:
M = 1.07, 95% CI = [0.56, 1.57]), whereas a significant contralateral
effect emerged in the threat-present condition (contralateral: M = 0.94,
95% CI = [0.44, 1.43], p = 0.002; ipsilateral: M = 1.1, 95% CI = [0.63,
1.58]). No other significant effects were observed, F < 0.48, p > 0.494,
13 < 0.01.

An independent-sample t-test conducted for N2pc latency (HTA: M
=294 ms, 95% CI = [294.81, 294], LTA: M =306 ms, 95% CI = [302.23,
310.61]) observed no significant differences between the HTA and LTA
group in the 100 ms duration, t/(23) = —0.24, p = 0.8, whereas the
N2pc latency of the HTA group (M =288 ms, 95% CI = [287.72,
288.38]) was significantly earlier than the LTA group (M = 315 ms, 95%
CI = [314.65, 315.08]) in the 500 ms duration, t. (46) = —3.1,
p = 0.005.

3.2.3. The Cue-locked PD

In the 100 ms duration, the target appeared during the time window
of the PD. The cue-locked PD could be overlapped with the target ERPs,
and we could not analyze the cue-elicited PD.

In the 500 ms duration, a 2 (group: HTA, LTA) x 2 (contra-laterality:
contralateral, ipsilateral) x 2 (condition: threat-present, neutral)
repeated measures ANOVA for PD amplitude observed a significant
main effect of the condition, F(1, 46)= 10.94, p = 0.002, ng =0.192.
The Condition x Contra-laterality x Group interaction was significant, F
(1, 46)= 3.79, p = 0.058, nf) = 0.076. In the HTA group, no significant
enhanced contralateral effect in the neutral condition (contralateral: M
=1.06, 95% CI = [0.23, 1.89], p = 0.409; ipsilateral: M = 1.13, 95% CI
= [0.32, 1.94]), whereas a significant contralateral effect emerged in the
threat-present condition (contralateral: M = 0.89, 95% CI = [0.01,
1.76], p = 0.018; ipsilateral: M = 0.73, 95% CI = [-0.15, 1.62]). No
significant enhanced contralateral effect was found in the neutral
(contralateral: M = 0.86, 95% CI = [0.04, 1.68], p = 0.362; ipsilateral:
M = 0.79, 95% CI = [-0.02, 1.6]) and threat-present conditions
(contralateral: M = 0.61, 95% CI = [—0.27, 1.49], p = 0.644; ipsilateral:
M = 0.58, 95% CI = [—0.31, 1.47]) in the LTA group. No other signif-
icant effects were observed, F < 1.78, p > 0.188, qg < 0.037.

3.2.4. The target-locked P1

The grand average target ERPs components and the topographic
scalp maps are shown in Fig. 3 and Fig. 5.

A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms, 500 ms) x 3
(condition: threat-congruent, threat-incongruent, neutral) repeated-
measures ANOVAs for P1 amplitude in the posterior left area found a
marginally significant condition x stimulus duration interaction, F(2,
92)= 2.84, p = 0.064, nlz, = 0.058. Moreover, the condition x stimulus
x group interaction was significant (see details in the left figure of

contralateral effect emerged in the threat-present condition Fig. 4A), F(2, 92)=4.44, p =0.018, ng =0.088, no significant
Table 1
The accuracy (M(SE)) of the task.
100 ms 500 ms
Group Threat-congruent Threat-incongruent Neutral Threat-congruent Threat-incongruent Neutral
HTA 99.6%(0.001) 99.58%(0.001) 99.46%(0.001) 99.46%(0.001) 99.46%(0.001) 99.46%(0.001)
LTA 99.73%(0.001) 99.48%(0.001) 99.64%(0.001) 99.41%(0.001) 99.41%(0.001) 99.36%(0.001)

Note: HTA represents high test anxiety; LTA represents low test anxiety.
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Fig. 2. shows the event-related potentials elicited by the cue display. Fig. 2 A shows the grand-averaged event-related potential waveforms recorded contralaterally
and ipsilaterally to the threat cue for the 100 ms duration. Fig. 2B shows the grand-averaged event-related potential waveforms recorded contralaterally and
ipsilaterally to threat cue for the 500 ms duration. The left figure shows the grand-averaged event-related potential waveforms for the HTA group. The middle figure
shows the grand-averaged event-related potential waveforms for the LTA group. The right figure shows the contralateral-minus-ipsilateral (Contra-Ipsi) difference
waveforms of the cue display (The full line shows the difference waveforms of the HTA group, and the dotted line shows the difference waveforms of the LTA group).
Note: HTA represents high test anxiety; LTA represents low test anxiety.
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Fig. 3. shows the event-related potentials elicited by the target display. Fig. 3 A shows the grand-averaged event-related potential waveforms of the target for the
100 ms duration. Fig. 3B shows the grand-averaged event-related potential waveforms of the target for the 500 ms duration. The left figure shows the posterior left
(P3, P7, O1, PO3, PO7) grand-averaged event-related potential waveforms of the target. The right figure shows the posterior right (P4, P8, 02, PO4, PO8) grand-
averaged event-related potential waveforms of the target. The full line shows the grand-averaged event-related potential waveforms of the HTA group, the
dotted line shows the grand-averaged event-related potential waveforms of the LTA group. Note: HTA represents high test anxiety; LTA represents low test anxiety.
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Fig. 4. shows the mean values of the target elicited event-related potential waveforms. Fig. 4A shows the mean values of the target P1 (140-190 ms) amplitude.
Fig. 4B shows the mean values of the target N2 (150-250 ms) amplitude. Fig. 4C shows the mean values of the target P3 (350-500 ms) amplitude. The left figure
shows the posterior left (P3, P7, O1, PO3, PO7) grand-averaged event-related potential waveforms of the target. The right figure shows the posterior right (P4, P8,
02, PO4, PO8) grand-averaged event-related potential waveforms of the target. Note: HTA represents high test anxiety; LTA represents low test anxiety.

differences were for the HTA group (ps>0.118). For the LTA group, no
differences were found in the 100 ms duration (ps>1). In the 500 ms
duration, the P1 amplitude in the threat-congruent condition (M =
—0.401, 95% CI = [—1.02, 0.22]) was significantly smaller than in the
threat-incongruent (M = 0.03, 95% CI = [—-0.56, 0.6], p = 0.002) con-
dition and showed a smaller trend than the neutral conditions (M =
0.105, 95% CI = [—0.69, 0.48], p = 0.08). No other significant effects
were observed, F < 2.884, p > 0.096, ng < 0.059.

A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms, 500 ms) x 3
(condition: threat-congruent, threat-incongruent, neutral) repeated-
measures ANOVAs for P1 amplitude in the posterior right area found a
significant interaction between condition and stimulus duration, F(2,
92)= 6.95, p = 0.002, ng = 0.131. The condition x stimulus duration
x group interaction was significant (see details in the right figure of
Fig. 4A), F(2, 92)= 5.08, p = 0.008, 12 = 0.099. For the HTA group, the
P1 amplitude of the neutral condition (M = 1.319, 95% CI = [0.63,
2.01]) was significantly greater than in the threat-congruent condition
(M = 0.89, 95% CI = [0.22, 1.56], p = 0.008) and had a greater trend
than of the threat-incongruent condition (M = 0.98, 95% CI = [0.29,
1.66], p = 0.148) in the 100 ms duration. In the 500 ms duration, the P1
amplitude of the neutral condition (M = 0.364, 95% CI = [—0.26, 0.99])
was smaller than the threat-congruent (M = 0.7, 95% CI = [0.01, 1.37],
p = 0.039) and the threat-incongruent conditions (M = 0.72, 95% CI =
[0.04, 1.39], p = 0.045). For the LTA group, no significant differences
were found in 100 ms duration (ps>0.426). The P1 amplitude of the

threat-congruent condition (M = 0.18, 95% CI = [-0.5, 0.86]) was
smaller than that of the threat-incongruent (M = 0.55, 95% CI = [—0.12,
1.22], p = 0.023) condition but showed no differences from the neutral
condition (M = 0.45, 95% CI = [—0.18, 1.08], p = 0.104) in the 500 ms
duration. No other significant effects were observed, F < 1.839,
p > 0.165, 1% < 0.38.

3.2.5. The target-locked N2

A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms, 500 ms) x 3
(condition: threat-congruent, threat-incongruent, neutral) repeated-
measures ANOVAs for N2 amplitude in the posterior left area found a
significant condition x stimulus duration x group interaction (see de-
tails in the left figure of Fig. 4B), F(2, 92)= 4.64, p = 0.012, ng = 0.092.
No differences were found for the HTA group, (ps>0.178). For the LTA
group, no differences were found in the 100 ms duration (ps>1). In the
500 ms duration, the N2 amplitude of the threat-congruent condition (M
= —1.15,95% CI = [—1.86, —0.45]) was more negative than the threat-
incongruent condition (M =-0.88, 95% CI = [-1.53, —0.23],
p =0.026) and showed no differences in the neutral condition (M =
—0.97, 95% CI = [-1.67, —0.27], p = 0.329). No other significant ef-
fects were observed, F < 1.51, p > 0.23, ng < 0.032.

A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms, 500 ms) x 3
(condition: threat-congruent, threat-incongruent, neutral) repeated-
measures ANOVAs for N2 amplitude in the posterior right area found
a significant interaction between condition and stimulus duration, F(2,
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Fig. 5. shows the topography of the target elicited event-related potential waveforms. Fig. S5A shows the topography of the target P1 (140-190 ms) amplitude.
Fig. 5B shows the topography of the target N2 (150-250 ms) amplitude. Fig. 5 C shows the topography of the target P3 (300-350 ms) amplitude. Note: HTA rep-

resents high test anxiety; LTA represents low test anxiety.

92)=6.22, p = 0.003, ng = 0.119. Moreover, the condition x stimulus
duration x group interaction was significant (see details in the right
figure of Fig. 4B), F(2, 92)= 4.83, p = 0.01, ng = 0.095. For the HTA
group, the N2 amplitude of the threat-congruent condition (M = 0.17,
95% CI = [—0.44, 0.79]) was more negative than the neutral condition
(M = 0.57,95% CI = [-0.03, 1.16], p = 0.003) and had no differences
with the threat-incongruent condition (M = 0.33, 95% CI = [—0.29,
0.95], p = 0.491) in the 100 ms duration. In the 500 ms duration, the N2
amplitude of the neutral condition (M = —0.49, 95% CI = [-1.12, 0.15])
was more negative than the threat-congruent (M =—0.17, 95% CI =
[—0.82,0.49], p = 0.051) and threat-incongruent conditions (M = —0.1,
95% CI = [—0.73, 0.53], p = 0.037). For the LTA group, no significant
differences were found (ps>0.393). No other significant effects were
observed, F < 1.92, p > 0.172, qg < 0.04.

3.2.6. The target-locked P3

A 2 (group: HTA, LTA) x 2 (stimulus duration: 100 ms, 500 ms) x 3
(condition: threat-congruent, threat-incongruent, neutral) repeated-
measures ANOVAs for P3 amplitude in the left posterior area found no
significant effects (see details in the left figure of Fig. 4C), F < 2.53,
p >0.12, n3 < 0.052.

A 2 x 2 x 3 repeated-measures ANOVAs for P3 amplitude in the
posterior right area found a marginally significant main effect of the
group, F(1, 46)= 4.02, p = 0.051, ng = 0.08, the P3 amplitude of the
HTA group (M = 3.37, 95% CI = [2.49, 4.25]) was greater than the LTA
group (M = 2.14, 95% CI = [1.26, 3.01]). The condition x stimulus
duration interaction was marginally significant, F(2, 92)= 2.66,
p =0.075, nf, = 0.055. Moreover, the condition x stimulus duration
x group interaction was marginally significant (see details in the right
figure of Fig. 4 C), F(2, 90)= 2.77, p = 0.068, 1112) = 0.057. For the HTA
group, no differences were found in the 100 ms duration (ps>0.654). In
500 ms duration, the P3 amplitude of the threat-incongruent condition
(M = 3.44, 95% CI = [2.41,4.48]) was greater than the neutral condition
(M =3.02, 95% CI = [2.05, 3.99], p = 0.009), and showed no differences
in the threat-congruent condition (M = 3.17, 95% CI = [2.21, 4.12],
p=0.199). No other significant effects were observed, F < 1.85,
p > 0.163, n2 < 0.039.

4. Discussion

The present study combined the ERPs techniques with the dot-probe
task and precisely characterized dynamic attention patterns in test
anxiety. As a result, both groups showed a threat cue-elicited late N2pc
in the 100 ms and 500 ms duration, and only the HTA group had a threat
cue-elicited PD in the 500 ms duration. These results indicated attention
vigilance for both groups and followed a form of threat avoidance in the
500 ms for the HTA group. The onset latency of the cue-elicited late
N2pc for the HTA group was earlier than the LTA group in 500 ms
duration. In contrast to the neutral condition, the HTA group exhibited a
decreased target P1 amplitude and enhanced target N2 amplitude of the
threat-congruent condition in the 100 ms duration and a greater target
P1 amplitude and smaller N2 amplitude in the threat-congruent and
threat-incongruent conditions in the 500 ms duration. The target-locked
ERPs components revealed a greater target P1 amplitude of the threat-
incongruent condition than the threat-congruent condition in the
500 ms duration for the LTA group. Besides, the parietal-right remained
an augmented P3 amplitude of the threat-incongruent condition than
the neutral condition for the HTA group.

In the 100 ms duration, the threat cue-elicited N2pc observed in both
groups supported the idea that immediate attention allocation to the
threat is a normal and adaptive phenomenon. Given the concise stimulus
duration, these data align with the models of attention to the threat that
have emphasized the evolutionary function of immediate attention to
threat (Koster et al., 2005; Mogg et al., 1998). Following the threat
cue-elicited N2pc, the HTA individuals decreased the target P1 ampli-
tude and enhanced N2 amplitude in the threat-congruent condition. The
P1 and N2 amplitude might reflect distinct aspects of spatial attention
(Hillyard et al., 1994; Luck et al., 1994). The probe P1 reflects the sus-
tained attention in the early perceptual process of the target, whereas
the N2 demonstrates the later discrimination process within the focus of
attention (Natale et al., 2006). It was indicated that HTA individuals
showed reduced visual processing of the threatening cued locations at
the early target processing and enhanced attendance later, suggesting
that the HTA individuals alternated between vigilance and avoidance of
the test-related threat.

Similarly, both groups attended to the test-related threat indexed by
the threat cue-locked N2pc in the 500 ms duration. However, a threat
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cue-locked PD emerged in the HTA group. PD is a specific index of
attentional suppression to the attended location (Kappenman et al.,
2021; Sawaki et al., 2012). These findings demonstrated that the HTA
individuals showed rapid attention avoidance to the test-related threat
after the initial orientation. For the target-locked ERPs, the greater P1
and smaller N2 amplitude found in HTA individuals could be the same as
the enhanced P1 amplitude and attenuated negative components found
in high-anxious individuals in previous research (Helfinstein et al.,
2008; Holmes et al., 2008). The greater P1 amplitude seen in HTA in-
dividuals was signed as the enhanced sensory processing of the threat at
the target display, possibly caused by the greater activation of the
amygdala (Helfinstein et al., 2008; Holmes et al., 2008). The decreased
N2 effects in HTA participants might suggest that attention avoidance
was exerted following initial vigilance (Helfinstein et al., 2008; Holmes
et al.,, 2008). Thus, the HTA group showed a dynamic pattern that
fluctuated shift between vigilance and avoidance at the early (cue) and
later processing (target) in the 500 ms duration.

Previous research proposed that individuals with greater emotion
dysregulation exhibit dynamic ABs, characterized by dynamic variabil-
ities between vigilance and avoidance (Bardeen et al., 2017). Overall,
the present findings were consistent with this idea as HTA individuals
varied between vigilance and avoidance in the 100 ms and 500 ms
duration when the test-related threat appeared. The TDCM suggested
that the higher sensitivity to threats and weakened cognitive control in
anxiety contributed to the dysregulated threat responses and resulted in
the dynamic variability in ABs over time (Dennis-Tiwary et al., 2019).
The current study presented the test-related threat and neutral stimuli
synchronously. The HTA individuals failed to distinguish between the
threat and neutral stimuli, then showed vigilance and avoidance of the
test-related threat back and forth. The dynamic variability between the
vigilance and avoidance pattern potentially reflected the attention
dyscontrol in test anxiety (e.g., Zvielli et al., 2014).

The target P1 of the LTA individuals was larger for the threat-
incongruent condition than for the threat-congruent condition, con-
firming that test-related threats can affect spatial attention in LTA in-
dividuals (see Santesso et al., 2008). Previous research found that
anxious individuals had more significant ABs toward threat-related in-
formation (Reutter et al., 2017; Salahub et al., 2020). However, we
found that both groups allocated attention to test-related threats and
showed no differences in the cue N2pc. In contrast to the LTA group,
HTA showed attention avoidance after the initial vigilance. These
findings were consistent with ideas linking anxiety to the avoidance
behavior suggested by the previous research (Kappenman et al., 2021).
Kappenman et al. (2021) demonstrated that anxious individuals might
have a more aversive response to a threat and engage more cognitive
resources to suppress or avoid threat-related stimuli. Previous research
suggested that the enhanced posterior P3 indicated that more cognitive
resources were being allocated toward the task-relevant but previously
less perceived location to ensure the effective achievement of task goals
and provide compensatory responses at the later stage (Cui et al., 2020;
Liu et al., 2015; Zhang et al., 2017). The HTA group showed greater
target P3 in the threat-incongruent condition for 500 ms duration. In the
threat-incongruent condition, the HTA individual had to disengage the
attention from the location of the test-related threat and orient to the
target location. Zhang et al. (2019) indicated that HTA individuals
consume more top-down attentional resources to process task-relevant
information and inhibit interference in a Stroop task. Similarly, the
greater target P3 supported the idea that the HTA individuals engaged
more top-down cognitive resources to avoid task-irrelevant threats
during more detailed and sustained processing stages for 500 ms
duration.

Previous models suggest that automatic vigilance to threats is the
main factor in the vulnerability to anxiety disorders (Beck et al., 1997;
Mathews et al., 1998). However, the current findings indicated that the
HTA individuals quickly attended the test-related threat only in 500 ms
duration as the HTA group showed an earlier threat cue-elicited N2pc
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than the LTA group in the 500 ms duration and not in the 100 ms
duration. Stimulus appeared 500 ms duration are supraliminal, which
implies strategic attention processing that is effortful, intentional, and
conscious (Cooper et al.,, 2006; Gronchi et al., 2018; Putwain et al.,
2020). In other words, the results obtained in the 500 ms duration do not
necessarily reflect automatic ABs to threat (Cooper et al., 2006). Thus,
the current research was inconsistent with previous models (Beck et al.,
1997; Mathews et al., 1998) and suggested that attention vigilance in
test anxiety was not an automatic process (Hu et al., 2021; Putwain
et al., 2020).

For the HTA group, the test-related threat elicited more significant
effects indexed by the target P1, N2, and P3 amplitudes in right hemi-
sphere locations. This lateralization in the emotional expression ERPs
effects were consistent with previous findings that anxious individuals
show enhanced attentional engagement to both happy and angry facial
expressions, especially when they appear in the left visual hemifield
(Wieser et al., 2018). The right hemisphere had superior visual pro-
cessing during sustained alertness conditions (Wieser et al., 2018). The
current findings were in accordance with the idea that the right hemi-
sphere dominates the threat processing (Holmes et al., 2008; Najt et al.,
2013).

Our study has some shortcomings that should be further investigated
in future research. The dynamic attention pattern in test anxiety found
in the current study showed in a dot-probe task, in which only one
neutral item competed for attention resources with the test-related
threat. Previous research suggested that visual display will affect the
attention pattern in anxiety (Richards et al., 2014). When in a complex
visual display, numerous competing stimuli would increase the
perceptual load and result in greater stimulus eccentricity, affecting
early orienting bias in anxiety. Thus, future studies would welcome
exploring whether the dynamic attention pattern in test anxiety would
be extended in a visual display with a large sample of stimuli.

The dynamic attention pattern that fluctuated between vigilance and
avoidance in test anxiety is in line with empirical evidence suggesting
attentional dyscontrol of threatening information may be critical to
emotional dysregulation (e.g., Bardeen et al., 2017; Schafer et al., 2016).
The current findings have several implications for the research con-
cerning ABs in anxiety. Firstly, previous studies suggested ABs may be
expressed in fluctuating patterns with attention toward or away from
threat with the behavioral index computed by trial-level bias score
(TL-BS) (Zvielli et al., 2015; Zvielli et al., 2014). The present neuro-
physiological component provided direct evidence for the dynamic
time-course ABs variability in test anxiety and suggested that the
observed effects of dynamic ABs in anxiety were not accounted for using
a specific TL-BS computational methodology. Besides, the dynamic
variability between vigilance and avoidance in test anxiety may provide
a feasible empirical explanation of previous ABs heterogeneity in anxi-
ety. Notably, previous research expressed either vigilance, avoidance, or
no bias as the presence of dynamic ABs in anxiety, then responses in
some trials terminated by the ABs toward the threat and some away from
the threat, and canceled each other when averaged (e.g., Dennis-Tiwary
etal., 2019). Additionally, previous research proposed threat-avoidance
training based on the assumption that anxious individuals have an
automatic tendency to attend preferentially to threats can reduce anxi-
ety (MacLeod et al., 2015; MacLeod et al., 2002). However, we found
that the dynamic ABs variability in test anxiety potentially suggested
that the attention control training designed to reduce threat attentional
dyscontrol (rapid shifts between vigilance and avoidance of the
test-related threat) by balancing attention allocation may be an efficient
way to intervene in test anxiety (e.g., Badura-Brack et al., 2015; Bardeen
et al., 2017).

5. Conclusions

The results found that the HTA group showed a dynamic attention
pattern that fluctuated between vigilance and avoidance at 100 ms and
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500 ms. The HTA group was more vigilant than the LTA group in the
duration of 500 ms when strategic attention was concerned, proposing
that the attentional vigilance in test anxiety was not an automatic
process.

Declarations

All procedures were in accordance with the ethical principles of
human experimentation and with the approval of the ethical committee
of the Nanjing University. All participants who attended the experiments
gave informed consent for participation and publication. The datasets
and materials generated during and analyzed during the current study
are available from the corresponding author on reasonable request.

Data Availability
Data will be made available on request.
Acknowledgments

This study was financially supported by the Fundamental Research
Funds for the Central Universities [2020300048] and Nanjing Institute
of Minor Mental Health Research [2020ZK-ZK05]. We would like to
express their gratitude for the support of these projects. The authors
declare that there are no conflicts of interest.

Contributors

Cenlou Hu developed the study concept. Cenlou Hu, Xueling Song
and Renlai Zhou contributed to the study design. Testing and data
collection were performed by Cenlou Hu, Jintao Song, and Yan Hong.
Cenlou Hu performed the data analysis and interpretation under the
supervision of Renlai Zhou. Cenlou Hu drafted the manuscript.

Role of the funding source

The funders had no role in the study design, conduct of the study; in
collection, management, analysis, and interpretation of the data, or in
the preparation, review, or approval of the manuscript, and decision to
submit the manuscript for publication.

References

Badura-Brack, A. S., et al. (2015). Effect of attention training on attention bias variability
and PTSD symptoms: Randomized controlled trials in Israeli and U.S. combat
veterans. American Journal of Psychiatry, 172(12), 1233-1241. https://doi.org/
10.1176/appi.ajp.2015.14121578

Bar-Haim, Y. (2010). Research review: Attention bias modification (ABM): A novel
treatment for anxiety disorders. Journal of Child Psychology Psychiatry, 51(8),
859-870. https://doi.org/10.1111/j.1469-7610.2010.02251.x

Bar-Haim, Y., et al. (2007). Threat-related attentional bias in anxious and nonanxious
individuals: A meta-analytic study. Psychological Bulletin, 133(1), 1-24. https://doi.
0rg/10.1037/0033-2909.133.1.1

Bardeen, J. R., et al. (2017). Emotion dysregulation and threat-related attention bias
variability. Motivation and Emotion, 41(3), 402-409. https://doi.org/10.1007/
s11031-017-9604-z

Beck, A. T., et al. (1997). An information processing model of anxiety: automatic and
strategic processes. Behaviour Research and Therapy, 35(1), 49-58.

Boll, S., et al. (2016). Attentional mechanisms of social perception are biased in social
phobia. Journal of Anxiety Disorders, 40, 83-93. https://doi.org/10.1016/j.
janxdis.2016.04.004

Buodo, G., et al. (2010). The neural correlates of attentional bias in blood phobia as
revealed by the N2pc. Social Cognitive and Affective Neuroscience, 5(1), 29-38.
https://doi.org/10.1093/scan/nsp050

Burcas, S., et al. (2020). Multidimensional perfectionism and test anxiety: A meta-
analytic review of two decades of research. Educational Psychology Review, 33(1),
249-273. https://doi.org/10.1007/5s10648-020-09531-3

Capriola-Hall, N. N, et al. (2020). Attention deployment to the eye region of emotional
faces among adolescents with and without social anxiety disorder. Cognitive Therapy
and Research. https://doi.org/10.1007/510608-020-10169-2

Colin, et al. (2019). Anxiety-linked attentional bias: Is it reliable? Annual Review Clinical
Psychology.

Biological Psychology 175 (2022) 108427

Cooper, R. M., et al. (2006). Attentional bias to angry faces using the dot-probe task? It
depends when you look for it. Behaviour Research and Therapy, 44(9), 1321-1329.

Cui, L., et al. (2020). ERP evidence for emotional sensitivity in social anxiety. Journal of
Affective Disordorders, 279, 361-367. https://doi.org/10.1016/j.jad.2020.09.111

Delorme, A., et al. (2004). EEGLAB: an open source toolbox for analysis of single-trial
EEG dynamics including independent component analysis. Journal of Neuroscience
Methods, 134(1), 9-21. https://doi.org/10.1016/j.jneumeth.2003.10.009

Dennis-Tiwary, T. A, et al. (2019). Heterogeneity of the anxiety-related attention bias: A
review and working model for future research. Clinical Psychological Science, 7(5),
879-899. https://doi.org/10.1177/2167702619838474

Dong, Y., et al. (2017). Eye-movement evidence of the time-course of attentional bias for
threatening pictures in test-anxious students. Cognition and Emotion, 31(4), 781-790.
https://doi.org/10.1080/02699931.2016.1152953

Ehrlich, K. B., et al. (2015). Hypervigilance to rejecting stimuli in rejection sensitive
individuals: Behavioral and neurocognitive evidence. Personality and Individual
Differences, 85, 7-12. https://doi.org/10.1016/j.paid.2015.04.023

Evans, T. C., et al. (2020). Neural mechanisms underlying heterogeneous expression of
threat-related attention in social anxiety. Behaviour Research and Therapy, 132,
Article 103657. https://doi.org/10.1016/j.brat.2020.103657

Gaspar, J. M., et al. (2018). High level of trait anxiety leads to salience-driven distraction
and compensation. Psychological Science. https://doi.org/10.1177/
0956797618807166

Gaspelin, N., et al. (2018). Combined electrophysiological and behavioral evidence for
the suppression of salient distractors. Journal of Cognitive Neuroscience, 30(9),
1265-1280. https://doi.org/10.1162/jocn_a 01279

Goodwin, H., et al. (2017). Generalized anxiety disorder, worry and attention to threat: A
systematic review. Clinical Psychology Review, 54, 107-122. https://doi.org/
10.1016/j.cpr.2017.03.006

Gronchi, G., et al. (2018). Automatic and controlled attentional orienting in the elderly:
A dual-process view of the positivity effect. Acta Psychologica, 185, 229-234. https://
doi.org/10.1016/j.actpsy.2018.02.008

Gupta, R. S, et al. (2019). The neural chronometry of threat-related attentional bias:
Event-related potential (ERP) evidence for early and late stages of selective
attentional processing. International Journal of Psychophysiology, 146, 20-42. https://
doi.org/10.1016/j.ijpsycho.2019.08.006

Helfinstein, S. M., et al. (2008). Affective primes suppress attention bias to threat in
socially anxious individuals. Behaviour Research and Therapy, 46(7), 799-810.
https://doi.org/10.1016/j.brat.2008.03.011

Hickey, C., et al. (2009). Electrophysiological indices of target and distractor processing
in visual search. Journal of Cognitive Neuroscience, 21(4), 760-775. https://doi.org/
10.1162/jocn.2009.21039

Hickey, C., et al. (2006). Electrophysiological evidence of the capture of visual attention.
Journal of Cognitive Neuroscience, 18(4), 604-613. https://doi.org/10.1162/
jocn.2006.18.4.604

Hillyard, S. A., et al. (1994). The cuing of attention to visual field locations: analysis with
ERP recordings. In H. J. Heinze, T. F. Miinte, & G. R. Mangun (Eds.), Cognitive
Electrophysiology (pp. 1-25). Boston, MA: Birkhduser Boston.

Holmes, A., et al. (2009). Attentional selectivity for emotional faces: evidence from
human electrophysiology. Psychophysiology, 46(1), 62-68. https://doi.org/10.1111/
j.1469-8986.2008.00750.x

Holmes, A, et al. (2008). Effects of anxiety on the processing of fearful and happy faces:
an event-related potential study. Biological Psychology, 77(2), 159-173. https://doi.
org/10.1016/j.biopsycho.2007.10.003

Hu, C., et al. (2021). Early vigilance and improved processing efficiency to the test-
related target in test anxiety: Evidence from the visual search task and eye-
movements. Current Psychology. https://doi.org/10.1007/s12144-021-02454-4

Jastrowski Mano, K. E., et al. (2018). Attentional bias toward school-related academic
and social threat among test-anxious undergraduate students. Learning and Individual
Differences, 64, 138-146. https://doi.org/10.1016/].]indif.2018.05.003

Kappenman, E. S., et al. (2014). Behavioral and ERP measures of attentional bias to
threat in the dot-probe task: poor reliability and lack of correlation with anxiety.
Frontiers in Psychology, 5, 1368. https://doi.org/10.3389/fpsyg.2014.01368

Kappenman, E. S., et al. (2021). Recoiling from threat: Anxiety is related to heightened
suppression of threat, not increased attention to threat. Clinical Psychological Science,
9(3), 434-448. https://doi.org/10.1177/2167702620961074

Koster, E. H., et al. (2005). Time-course of attention for threatening pictures in high and
low trait anxiety. Behaviour Research and Therapy, 43(8), 1087-1098.

Liu, Y., et al. (2015). How disgust facilitates avoidance: an ERP study on attention
modulation by threats. Social Cognitive and Affective Neuroscience, 10(4), 598-604.
https://doi.org/10.1093/scan/nsu094

Liu, Y., et al. (2015). Cognitive and neural basis of attentional bias in test anxiety
students. Psychological Exploration, 35(3), 233-238.

Lopez-Calderon, J., et al. (2014). ERPLAB: an open-source toolbox for the analysis of
event-related potentials. Fronters in Human Neuroscience, 8(213). https://doi.org/
10.3389/fnhum.2014.00213

Luck, S. J. (2011). Electrophysiological correlates of the focusing of attention within
complex visual scenes: N2pc and related ERP components. In E. S. Kappenman, &
S. J. Luck (Eds.), The Oxford Handbook of Event-Related Potential Components (p. 0).
Oxford University Press.

Luck, S. J., et al. (1994). Electrophysiological correlates of feature analysis during visual
search. Psychophysiology, 31(3), 291-308.

Luck, S. J., et al. (1994). Effects of spatial cuing on luminance detectability:
psychophysical and electrophysiological evidence for early selection. Journal of
Experimental Psychology: Human Perception and Performance, 20(4), 887-904.


https://doi.org/10.1176/appi.ajp.2015.14121578
https://doi.org/10.1176/appi.ajp.2015.14121578
https://doi.org/10.1111/j.1469-7610.2010.02251.x
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1007/s11031-017-9604-z
https://doi.org/10.1007/s11031-017-9604-z
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref5
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref5
https://doi.org/10.1016/j.janxdis.2016.04.004
https://doi.org/10.1016/j.janxdis.2016.04.004
https://doi.org/10.1093/scan/nsp050
https://doi.org/10.1007/s10648-020-09531-3
https://doi.org/10.1007/s10608-020-10169-2
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref10
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref10
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref11
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref11
https://doi.org/10.1016/j.jad.2020.09.111
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1177/2167702619838474
https://doi.org/10.1080/02699931.2016.1152953
https://doi.org/10.1016/j.paid.2015.04.023
https://doi.org/10.1016/j.brat.2020.103657
https://doi.org/10.1177/0956797618807166
https://doi.org/10.1177/0956797618807166
https://doi.org/10.1162/jocn_a_01279
https://doi.org/10.1016/j.cpr.2017.03.006
https://doi.org/10.1016/j.cpr.2017.03.006
https://doi.org/10.1016/j.actpsy.2018.02.008
https://doi.org/10.1016/j.actpsy.2018.02.008
https://doi.org/10.1016/j.ijpsycho.2019.08.006
https://doi.org/10.1016/j.ijpsycho.2019.08.006
https://doi.org/10.1016/j.brat.2008.03.011
https://doi.org/10.1162/jocn.2009.21039
https://doi.org/10.1162/jocn.2009.21039
https://doi.org/10.1162/jocn.2006.18.4.604
https://doi.org/10.1162/jocn.2006.18.4.604
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref26
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref26
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref26
https://doi.org/10.1111/j.1469-8986.2008.00750.x
https://doi.org/10.1111/j.1469-8986.2008.00750.x
https://doi.org/10.1016/j.biopsycho.2007.10.003
https://doi.org/10.1016/j.biopsycho.2007.10.003
https://doi.org/10.1007/s12144-021-02454-4
https://doi.org/10.1016/j.lindif.2018.05.003
https://doi.org/10.3389/fpsyg.2014.01368
https://doi.org/10.1177/2167702620961074
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref33
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref33
https://doi.org/10.1093/scan/nsu094
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref35
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref35
https://doi.org/10.3389/fnhum.2014.00213
https://doi.org/10.3389/fnhum.2014.00213
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref37
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref37
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref37
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref37
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref38
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref38
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref39
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref39
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref39

C. Hu et al.

MacLeod, C., et al. (2015). The attentional bias modification approach to anxiety
intervention. Clinical Psychological Science, 3(1), 58-78. https://doi.org/10.1177/
2167702614560749

MacLeod, C., et al. (2016). Anxiety-linked attentional bias and its modification:
Tllustrating the importance of distinguishing processes and procedures in
experimental psychopathology research. Behaviour Research and Therapy, 86, 68-86.
https://doi.org/10.1016/j.brat.2016.07.005

MacLeod, C., et al. (2002). Selective attention and emotional vulnerability: Assessing the
causal basis of their association through the experimental manipulation of
attentional bias. Journal of Abnormal Psychology, 1.

Mathews, A, et al. (1998). A cognitive model of selective processing in Anxiety. Cognitive
Therapy and Research, 22(6), 539-560.

McNally, R. J. (2018). Attentional bias for threat: Crisis or opportunity. Clinical
Psychology Review. https://doi.org/10.1016/j.cpr.2018.05.005

Mingtian, Z., et al. (2011). Do the early attentional components of ERPs reflect
attentional bias in depression? It depends on the stimulus presentation time. Clinical
Neurophysiology, 122(7), 1371-1381. https://doi.org/10.1016/j.clinph.2010.09.016

Mogg, K., et al. (1998). A cognitive-motivational analysis of anxiety. Behaviour Research
and Therapy, 36(9), 809-848.

Mogg, K., et al. (2016). Anxiety and attention to threat: Cognitive mechanisms and
treatment with attention bias modification. Behaviour Research and Therapy, 87,
76-108. https://doi.org/10.1016/j.brat.2016.08.001

Najt, P., et al. (2013). Models of hemispheric specialization in facial emotion perception—
a reevaluation. Emotion, 13(1), 159-167. https://doi.org/10.1037/a0029723

Natale, E., et al. (2006). ERP and fMRI correlates of endogenous and exogenous focusing
of visual-spatial attention. European Journal of Neuroscience, 23(9), 2511-2521.
https://doi.org/10.1111/j.1460-9568.2006.04756.x

Newman, E. (1996). No more test anxiety: Effective steps for taking tests and achieving
better grades. Learning Skillspubns, 1.

Pintzinger, N. M., et al. (2017). Temperament differentially influences early information
processing in men and women: Preliminary electrophysiological evidence of
attentional biases in healthy individuals. Biological Psychology, 122, 69-79. https://
doi.org/10.1016/j.biopsycho.2016.07.007

Polich, J. (2007). Updating P300: an integrative theory of P3a and P3b. Clinical
Neurophysiology, 118(10), 2128-2148.

Putwain, D. W., et al. (2011). Developing and piloting a dot-probe measure of attentional
bias for test anxiety. Learning and Individual Differences, 21(4), 478-482. https://doi.
org/10.1016/j.1indif.2011.02.002

Putwain, D. W., et al. (2020). Attention bias in test anxiety: the impact of a test-threat
congruent situation, presentation time, and approach-avoidance temperament.
Educational Psychology, 40(6), 713-734. https://doi.org/10.1080/
01443410.2020.1740653

Reutter, M., et al. (2017). The N2pc component reliably captures attentional bias in
social anxiety. Psychophysiology, 54(4), 519-527. https://doi.org/10.1111/
psyp.12809

Reutter, M., et al. (2019). Attentional bias modification in social anxiety: Effects on the
N2pc component. Behaviour Research and Therapy, 120, Article 103404. https://doi.
org/10.1016/j.brat.2019.05.001

Richards, H. J., et al. (2014). Exploring the function of selective attention and
hypervigilance for threat in anxiety. Clinical Psychology Review, 34(1), 1-13. https://
doi.org/10.1016/j.cpr.2013.10.006

Salahub, C., et al. (2020). Fear not! Anxiety biases attentional enhancement of threat
without impairing working memory filtering. Cognitive, Affective, & Behavioral
Neuroscience. https://doi.org/10.3758/s13415-020-00831-3

10

Biological Psychology 175 (2022) 108427

Santesso, D. L., et al. (2008). Electrophysiological correlates of spatial orienting towards
angry faces: A source localization study. Neuropsychologia, 46(5), 1338-1348.

Sarason, I. G. (1978). The Test Anxiety Scale: Concept and Research. Washington, DC:
Hemisphere.

Sawaki, R., et al. (2012). A common neural mechanism for preventing and terminating
the allocation of attention. Journal of Neuroscience, 32(31), 10725-10736. https://
doi.org/10.1523/JNEUROSCI.1864-12.2012

Schafer, J., et al. (2016). Attentional bias temporal dynamics predict posttraumatic stress
symptoms: A prospective-longitudinal study among soldiers. Depress Anxiety, 33(7),
630-639. https://doi.org/10.1002/da.22526

Spielberger, C. D., et al. (1976). In N. J. Hillsdale (Ed.), The nature and treatment of test
anxiety. Erlbaum.

Ulrich, R., et al. (2001). Using the jackknife-based scoring method for measuring LRP
onset effects in factorial designs. Psychophysiology, 38(5), 816-827.

von der Embse, N., et al. (2018). Test anxiety effects, predictors, and correlates: A 30-
year meta-analytic review. Journal of Affective Disorders, 227, 483-493. https://doi.
0rg/10.1016/j.jad.2017.11.048

Wang, C. K. (2001). Reliability and validity of test-anxiety scale of Chinese version.
Chinese Mental Health Journal, 15(2), 96-97.

Wei, H., et al. (2021). Enhanced or impoverished recruitment of top-down attentional
control of inhibition in test anxiety. Biological Psychology, 161, Article 108070.
https://doi.org/10.1016/j.biopsycho.2021.108070

Wei, H., et al. (2021). Test anxiety impairs inhibitory control processes in a performance
evaluation threat situation: Evidence from ERP. Biological Psychology. , Article
108241. https://doi.org/10.1016/j.biopsycho.2021.108241

Wermes, R., et al. (2018). Anxious and alert? Hypervigilance in social anxiety disorder.
Psychiatry Research, 269, 740-745. https://doi.org/10.1016/j.psychres.2018.08.086

Wieser, M. J., et al. (2018). Neurophysiological correlates of attentional bias for
emotional faces in socially anxious individuals - Evidence from a visual search task
and N2pc. Biological Psychology, 132, 192-201. https://doi.org/10.1016/j.
biopsycho.2018.01.004

Wieser, M. J., et al. (2020). Attentional threat biases and their role in anxiety: A
neurophysiological perspective. International of Journal Psychophysiology, 153,
148-158. https://doi.org/10.1016/j.ijpsycho.2020.05.004

Yu, L., et al. (2011). Development of test anxiety picture system: A pretest in college
students. Chinese Journal of Clinical Psychology, 19(1), 38-41. doi:1005-3611(2011)
01-0038-04.

Zeidner, M. (1998). Test anxiety: The state of the art. Plenum Press.

Zhang, D., et al. (2017). Mechanisms for attentional modulation by threatening emotions
of fear, anger, and disgust. Cognitive, Affective, & Behavioral Neuroscience, 17(1),
198-210. https://doi.org/10.3758/513415-016-0473-9

Zhang, W., et al. (2019). ERP evidence for inhibitory control deficits in test-anxious
individuals. Front Psychiatry, 10, 645. https://doi.org/10.3389/fpsyt.2019.00645

Zhang, X., et al. (2018). Examination stress results in attentional bias and altered neural
reactivity in test-anxious individuals. Neural Plasticity, 2018, 3281040. https://doi.
org/10.1155/2018/3281040

Zvielli, A., et al. (2015). Targeting biased emotional attention to threat as a dynamic
process in time. Clinical Psychological Science, 4(2), 287-298. https://doi.org/
10.1177/2167702615588048

Zvielli, A., et al. (2014). Temporal dynamics of attentional bias. Clinical Psychological
Science, 3(5), 772-788. https://doi.org/10.1177/2167702614551572


https://doi.org/10.1177/2167702614560749
https://doi.org/10.1177/2167702614560749
https://doi.org/10.1016/j.brat.2016.07.005
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref42
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref42
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref42
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref43
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref43
https://doi.org/10.1016/j.cpr.2018.05.005
https://doi.org/10.1016/j.clinph.2010.09.016
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref46
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref46
https://doi.org/10.1016/j.brat.2016.08.001
https://doi.org/10.1037/a0029723
https://doi.org/10.1111/j.1460-9568.2006.04756.x
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref50
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref50
https://doi.org/10.1016/j.biopsycho.2016.07.007
https://doi.org/10.1016/j.biopsycho.2016.07.007
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref52
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref52
https://doi.org/10.1016/j.lindif.2011.02.002
https://doi.org/10.1016/j.lindif.2011.02.002
https://doi.org/10.1080/01443410.2020.1740653
https://doi.org/10.1080/01443410.2020.1740653
https://doi.org/10.1111/psyp.12809
https://doi.org/10.1111/psyp.12809
https://doi.org/10.1016/j.brat.2019.05.001
https://doi.org/10.1016/j.brat.2019.05.001
https://doi.org/10.1016/j.cpr.2013.10.006
https://doi.org/10.1016/j.cpr.2013.10.006
https://doi.org/10.3758/s13415-020-00831-3
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref59
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref59
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref60
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref60
https://doi.org/10.1523/JNEUROSCI.1864-12.2012
https://doi.org/10.1523/JNEUROSCI.1864-12.2012
https://doi.org/10.1002/da.22526
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref63
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref63
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref64
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref64
https://doi.org/10.1016/j.jad.2017.11.048
https://doi.org/10.1016/j.jad.2017.11.048
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref66
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref66
https://doi.org/10.1016/j.biopsycho.2021.108070
https://doi.org/10.1016/j.biopsycho.2021.108241
https://doi.org/10.1016/j.psychres.2018.08.086
https://doi.org/10.1016/j.biopsycho.2018.01.004
https://doi.org/10.1016/j.biopsycho.2018.01.004
https://doi.org/10.1016/j.ijpsycho.2020.05.004
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref72
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref72
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref72
http://refhub.elsevier.com/S0301-0511(22)00170-3/sbref73
https://doi.org/10.3758/s13415-016-0473-9
https://doi.org/10.3389/fpsyt.2019.00645
https://doi.org/10.1155/2018/3281040
https://doi.org/10.1155/2018/3281040
https://doi.org/10.1177/2167702615588048
https://doi.org/10.1177/2167702615588048
https://doi.org/10.1177/2167702614551572

	Neurophysiological correlates for dynamic variability between vigilance and avoidance in test anxiety
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Stimulus, apparatus, and procedure
	2.3 Electrophysiology

	3 Results
	3.1 Behavioural data
	3.2 ERP data
	3.2.1 The Cue-locked early N2pc
	3.2.2 The Cue-locked late N2pc
	3.2.3 The Cue-locked PD
	3.2.4 The target-locked P1
	3.2.5 The target-locked N2
	3.2.6 The target-locked P3


	4 Discussion
	5 Conclusions
	Declarations
	Data Availability
	Acknowledgments
	Contributors
	Role of the funding source
	References


