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Abstract
Previous studies have found that acute stress can modulate response inhibition. However, the effect of chronic stress on 
response inhibition has not been investigated. A major examination was adopted as a chronic stressor in this study. Both 
the stress and control groups performed a modified Go/Nogo task. In each trial, a probe stimulus (left or right arrow) was 
presented immediately after the Go/Nogo task. The probe reaction time (RT) was used as an index of cognitive load during 
the task. Event-related potentials (ERPs) evoked by Go/Nogo stimuli were investigated. The RTs for the Go stimulus and 
the probe stimulus were shorter for the stress group than for the control group. This superior performance by stressed par-
ticipants might suggest a promoted task processing efficiency during the dual task under stress. A smaller probe RT effect 
 (RTNogo -  RTGo) was found in the stress group than in the control group, indicating a facilitatory effect of stress on conflict 
resolution. The ERP results showed that the P2 Go/Nogo effect was smaller for the stress group than for the control group, 
driven by an increased P2 amplitude after Go trials for the stress group. This might indicate an enhancement of attentional 
resource allocation to the Go stimuli under stress. Both the Nogo P3 amplitude and the P3 Go/Nogo effect were enhanced 
in the stress group than in the control group, suggesting that conflict resolution was enhanced under stress. These results 
demonstrate that chronic academic stress might facilitate response inhibition by promoting conflict resolution.
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Introduction

Stress should be considered a cognitive perception of 
uncontrollability and/or unpredictability that is expressed 
via a physiological and behavioral response (Koolhaas et al. 
2011). Chronic stress is usually a repetitive event that lasts 
for more than 1 month (Chrousos & Gold 1992). Exposure 
to long-term and sustained stress has a variety of conse-
quences on the brain, cognition, and behavior (Lupien et al. 
2009). Among these consequences, chronic stress may lead 
to neuropsychiatric disorders in the prefrontal cortex, includ-
ing depression, bipolar disorder, schizophrenia, and anxiety 
disorders (Liston et al. 2009). Meanwhile, chronic stress has 
been linked with impaired higher-order cognitive prefrontal 

functions, such as attentional control, working memory, and 
executive function (Arnsten 2011; Cho 2001; Liston et al. 
2009).

Executive function is a high-level cognitive process that 
guarantees individual planned behavior, expected behav-
ior, and the accomplishment of goal-oriented tasks (Dia-
mond 2013). As a major component of executive function, 
response inhibition refers to the suppression of a prepotent 
response and often is measured using the Go/Nogo paradigm 
(Nieuwenhuis et al. 2003). Participants need to respond to a 
designated stimulus (Go) and inhibit the response to another 
stimulus (Nogo). Numerous event-related potential (ERP) 
studies have reported that Nogo stimuli evoke more negative 
frontocentral N2 and positive frontocentral P3 components 
than Go stimuli. The N2 and P3 components are associated 
with different aspects of response inhibition. N2 is related to 
the detection of the conflict between the internal representa-
tion of the Go response and the Nogo stimulus (i.e., conflict 
monitoring) (Donkers & van Boxtel 2004). P3 is associ-
ated with conflict resolution through top–down inhibition 
processing (Bruin & Wijers 2002). These results indicate 
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stronger conflict monitoring and conflict resolution for Nogo 
than Go trials (Donkers & van Boxtel 2004; Smith et al. 
2008). In addition, a shorter latency of the frontal P2 com-
ponent for Nogo relative to Go trials was found in previous 
studies (Johnstone et al. 2007; Qi et al. 2017; Zhang et al. 
2021). P2 has been associated with perceptual processing, 
and the P2 peak latency has been considered to be an indica-
tion of the time required for perceptual analysis (Lenartow-
icz et al. 2014). The shorter P2 latency might suggest faster 
orienting and processing of Nogo stimuli.

In the laboratory, some studies have investigated 
response inhibition under acute stress. By adopting a men-
tal arithmetic task as a stressor, Qi et al. (2017) found that 
the N2 component evoked by the Go/Nogo stimuli was 
more negative for the stressful than the controlled con-
dition. Similarly, Dierolf et al. (2017) reported increased 
amplitudes of the N2 difference waves (Nogo minus Go) 
but reduced amplitudes of the P3 difference waves imme-
diately after stress induction via the socially evaluated cold 
pressor test. Dierolf et al. (2018) found increased N2 and 
P3 amplitudes in the Go/Nogo task 20 min after the Trier 
Social Stress Test (TSST). For behavioral performance, 
a higher accuracy in the Go/Nogo task and shorter reac-
tion time (RT) in a stop signal task were reported after 
the TSST (Chang et al. 2020; Dierolf et al. 2018). These 
results suggest that the effect of acute stress on response 
inhibition might depend on multiple factors (e.g., stressor 
type, stress intensity or time interval between stressor and 
cognitive task).

Some researchers began to investigate the effect of 
chronic academic stress on cognitive processes. Kof-
man et al. (2006) reported a faster response in the Stroop 
task during a stressful period (the 2-week period before 
examinations), indicating a stress-induced facilitation of 
performance of executive function. Wu et al. (2014) used 
postgraduate entrance examination as a chronic source 
of academic stress, and the classical Go/Nogo paradigm 
was adopted to explore the impact of chronic academic 
stress on error processing. The examination group reported 
significantly higher levels of perceived stress. Although 
behavioral results revealed that neither the error rate nor 
the RT was different between the examination and nonex-
amination groups, the ERP results showed that the error 
positivity amplitude (which reflects the awareness of the 
error) was higher in the examination group than in the non-
examination group, suggesting an enhancement of motiva-
tion-related attentional allocation to error for the examina-
tion group. However, the impact of chronic academic stress 
on response inhibition and its neural correlations were not 
yet made clear.

In previous studies of response inhibition using the 
Go/Nogo paradigm, the commission error (i.e., key press 
response to the Nogo stimulus) was usually used as a 

behavioral index to evaluate response inhibition. However, 
the commission error rate only indicates the result of indi-
vidual inhibition control failure, and the difference in RTs 
between response inhibition (Nogo) and response activa-
tion (Go) cannot be measured. Gao et al. (2017) developed 
a dual task paradigm by embedding a probe task in the Go/
Nogo task, requiring participants to determine the direction 
of an arrow. Probe RTs were used as an index of cogni-
tive load in the Go/Nogo task. The results showed that 
longer RTs were found for Nogo-probes than Go-probes, 
indicating that response inhibition was more cognitively 
demanding than response activation (Gao et al. 2017). 
Alternatively, some studies have suggested that the Nogo 
stimulus can trigger a global suppression of the motor sys-
tem (Aron 2011; Wiecki & Frank 2013). Thus, the longer 
RTs for Nogo-probes than Go-probes might be the result 
of an ongoing global inhibition after the previous response 
inhibition.

In this study, we investigated the effect of chronic aca-
demic stress on response inhibition. Many researchers 
have chosen major examinations as the source of chronic 
natural stress (González-Cabrera et al. 2014; Lines et al. 
2021; Liston et al. 2009; Zhang et al. 2016). The National 
Postgraduate Entrance Examination (NPEE) is the main 
way for college graduates to further their studies. Students 
often spend approximately 6 months preparing for this 
examination, during which they experience great chronic 
academic stress. In this study, we adopted the NPEE as a 
chronic academic stressor. The dual-task paradigm devel-
oped by Gao et al. (2017) was used to examine response 
inhibition.

An increased frontocentral P3 amplitude for Nogo than 
Go stimuli has been believed to reflect response inhibition 
in Go/Nogo-type tasks (Huster et al. 2013; Wessel 2018). 
However, the P3 amplitude was shown to be sensitive to 
stimulus frequency, with rare stimuli inducing larger parietal 
P3 amplitudes than frequent stimuli (e.g., oddball effect) 
(Duncan-Johnson & Donchin 1977; Verleger 2020). Given 
that the neural differences between the Go and Nogo stimuli 
might be confounded by the effect of stimulus frequency 
(Verleger 2020; Verleger et al. 2016), equiprobable Go/Nogo 
trials were involved in this study. P2 was considered to index 
stimulus–response activation (Gajewski & Falkenstein 2013) 
and/or attentional resource allocation processes (Bonne-
fond et al. 2010; Stock et al. 2016), which are important for 
response inhibition. An increased P2 amplitude was found 
for Nogo relative to Go stimuli (Barry & De Blasio 2013), 
indicating enhanced resource allocation processes in Nogo 
trials. In this study, we hypothesized that if chronic stress 
facilitated response inhibition, compared with the control 
group, the stress group might show a reduced behavioral 
(i.e., probe RT) Go/Nogo effect but increased P2 and P3 
amplitudes.
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Methods

Participants

The Beck Depression Inventory (BDI; Beck et al. 1996) 
and Life Events Scale (LES; Tennant & Andrews 1976; 
Zhang & Yang 1999) were used to screen participants via 
an online survey. The BDI scale was used to evaluate the 
severity of depression and exclude those with depression 
(BDI score > 14). The control group comprised students 
who, in the past month, had not previously taken part in 
any academic examinations or interviews and had reported 
no other major stressors, as assessed using the LES. The 
stress group comprised students who had spent an esti-
mated 7.7 months (range: 5–14, SD = 2.6) preparing for 
the NPEE for approximately 8.4 hours (range: 6–12, SD 
= 1.8) every day. The participants in the stress group also 
were assessed by using the LES to exclude other major life 
stressors that affected them during the past month. None of 
the participants had mental or physical disorders (assessed 
via subjective self-reports).

In total, 65 undergraduate participants were recruited 
for this study. Five participants were excluded due to 
excessive artifacts during electroencephalography (EEG) 
recordings, and only data from participants whose aver-
age ERP contained more than 50% of the trials per condi-
tion were included. Therefore, data from 60 participants 
were included in the analyses, including 30 participants in 
the stress (examination) group (10 males and 20 females, 
mean age = 22.2 years; SD = 1.45) and 30 participants 
in the control (nonexamination) group (13 males and 17 
females, mean age = 20.5 years; SD = 2.30). The stress 
and control groups were matched with respect to sex, 
χ2(1, 60) = 0.635, p = 0.426. The participants in the stress 
group were senior students, but most of the participants 
in the control group were students from lower grades. 
Therefore, the ages of the participants in the stress group 
were significantly greater than those of the participants 
in the control group, t (58) = 3.358, p = 0.002. All par-
ticipants were right-handed and had normal or corrected-
to-normal vision. The research protocol was approved 
by the Research Ethics Committee of Liaoning Normal 
University of China, and the research followed the ethi-
cal guidelines of the Declaration of Helsinki. All partici-
pants signed a written, informed consent form and were 
compensated for their participation. The current sample 
size was based on heuristics and time constraints, which 
are commonly encountered in research with humans. Spe-
cifically, an estimated 50 participants (range: 40–61) were 
involved in previous studies on chronic academic stress 
(Kofman et al. 2006; Lines et al. 2014; Liston et al. 2009; 
Wu et al. 2014). The recruitment and data collection were 

completed approximately 2–4 weeks before the NPEE 
(Duan et al. 2015; Lines et al. 2014), and only 3 weeks 
of measurement time were allocated to this experiment.

Design and materials

A between-subjects design was used. Both groups of par-
ticipants (stress, control) performed the dual task paradigm 
designed by Gao et al. (2017). In each trial, the Go/Nogo 
stimulus was followed by a probe stimulus. The stimuli 
in the Go/Nogo task were letters (“O” or “X”) and were 
presented with the same probability of occurrence. The 
participants were required to press the space bar when a 
Go stimulus was presented and to refrain from responding 
when a Nogo stimulus was presented. The probe stimuli 
were left or right arrows. Participants were asked to make 
left or right responses according to the arrow direction as 
quickly and accurately as possible by pressing the “f” or 
“j” key.

Before the formal experiment, the participants practiced 
30 trials. The formal experiment consisted of 160 trials (40 
trials per block). Participants took a 3-min rest between 
blocks.

Questionnaires

Chronic academic stress was assessed using Cohen’s Per-
ceived Stress Scale (PSS, 10-item version, Cohen 1988a, 
b). Furthermore, participants’ emotional states and anxi-
ety levels were assessed using the Positive and Negative 
Affect Scale (PANAS, Watson et al. 1988) and S-Anxiety 
subscale of State-Trait Anxiety Inventory (SAI, Wang et al. 
1999), respectively, after they arrived at the laboratory.

Fig. 1  Experimental procedure for the Go/Nogo dual task
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Procedure

In each trial, a fixation cross (+) appeared for 500 ms, fol-
lowed by a 1,000-ms blank screen. The Go/Nogo stimuli 
were then displayed for 300 ms, followed by a 500-ms blank 
screen. Then, the probe stimuli were displayed for 1,000 ms, 
followed by a 1,500-ms blank screen (Fig. 1).

During the experiment, participants sat comfortably, 
approximately 80 cm from a computer screen, in an electri-
cally shielded room. All stimuli were presented in black on 
a white background. Participants were instructed to try to 
minimize blinking, keep movement to a minimum, fixate 
their eyes on the center of the screen, and avoid looking 
down at their fingers while responding.

Behavioral data analysis

Independent t-tests were conducted for different groups 
(stress, control) on perceived stress (PSS score), state anxi-
ety (SAI score), and emotional state (PANAS score). Inde-
pendent t-tests were performed for different groups (stress, 
control) on the RT for correctly responded Go trials, the rate 
of omission errors (OE) in Go trials, and the commission 
errors (CE) in Nogo trials.

The mean probe accuracies were greater than 98.1% 
across all conditions. A preliminary inspection of the data 
indicated no accuracy differences across the different con-
ditions. For probe RT, incorrect responses to both the Go/
Nogo task and the probe task were excluded from the probe 
RT analyses. In addition, RTs that were shorter than 100 ms 
or longer than 1,000 ms were excluded from the analyses. 
Finally, 3.6% of the data from the stress group and 2.9% 
from the control group were excluded because of deviant 
RTs. Repeated measures analysis of variance (ANOVA) with 
the probe type (Go-probe, Nogo-probe) as a within-subject 
factor and the group (stress, control) as a between-subject 
factor was then performed on the probe RT of the correct 
trials. In this study, the difference in probe RT between 
the Nogo and Go trials was defined as the probe RT effect 
 (RTNogo -  RTGo). To examine the difference in the probe RT 
effect between the stress and control groups, an independ-
ent t-test between both groups was performed on the probe 
RT effect.

ERP recording and analysis

Brain electrophysiological activity was recorded from a 
64-channel electroencephalogram (EEG) recording system 
(Brain Production, GmbH, Germany) with references on a 
central midline electrode. All interelectrode impedance was 
maintained below 5 kΩ. EEG and electrooculogram (EOG) 
were amplified using a 0.05–100-Hz bandpass filter and 
sampled continuously at 500 Hz.

A temporospatial principal component analysis (PCA) is 
effective in separating components that may overlap in space 
and/or in time (Clawson et al. 2013; Endrass et al. 2012). 
The EEG data were initially processed in EEGLAB (14.0b) 
and ERPLAB (version 6.1.3). First, the EEG data were re-
referenced to the average of the left and right mastoids. Eye 
blinks and horizontal saccades were removed by applying an 
independent components analysis implemented in EEGLAB 
(14.0b). Subsequently, the EEGs were digitally filtered with 
a 0.01-Hz infinite impulse response filter, a 50-Hz notch 
filter, and a 35-Hz finite impulse response filter. Next, the 
EEGs were segmented into epochs from 200 ms before to 
800 ms after the onset of the Go/Nogo stimulus and were 
baseline-corrected with respect to the 200 ms prestimulus. 
The MATLAB ERP PCA Toolkit (version 2.80; Dien 2010a) 
was then used for temporospatial PCA. Varimax was used 
to rotate to a simple structure in the temporal domain, and 
Infomax was used to rotate to independence in the spatial 
domain (Dien 2010b). First, a temporal PCA was performed 
on the data. In the control group, eight temporal factors 
were extracted from the ERPs based on a 94.3% variance-
accounted-for criterion from Scree plot (Cattell 1966). In 
the stress group, seven temporal factors were extracted from 
the ERPs carrying 94.4% variance. Then, a separate spatial 
PCA was performed for each temporal factor in the control 
and stress groups, respectively. Seven spatial factors were 
extracted (carrying 88.9% variance) in the control group, and 
six spatial factors were extracted (carrying 89.2% variance) 
in the stress group. The temporospatial factors (TFSFs) that 
most closely matched the expected scalp topography and 
latency for P2 and P3 were chosen based on a visual inspec-
tion of the grand average waveform. Temporal factor 4 spa-
tial factor 1 (TF4SF1) reflected P2 (control group: 2.7% of 
total variance; stress group: 4.1% of total variance), whereas 
TF1SF1 reflected P3 (control group: 30.5% of total variance; 
stress group: 20.7% of total variance).

A preliminary inspection of the data indicated that the 
maximum voltage and the maximum difference across dif-
ferent conditions for P2 and P3 were shown in frontocen-
tral scalp sites, especially at the FCz electrode site. This is 
consistent with previous ERP studies on Go/Nogo tasks (Qi 
et al. 2017; Wessel 2018). In this study, the FCz electrode 
site was selected for statistical analysis. A mean amplitude of 
5 ms before the peak and 5 ms after the peak was extracted 
for the P2 (control group: 146–156 ms; stress group: 
170–180 ms) and P3 components (370–380 ms). Repeated 
measures ANOVAs with the response type (Go, Nogo) as 
a within-subject factor and the group (stress, control) as a 
between-subject factor were performed on mean amplitudes 
of the P2 and P3 components. In this study, the difference 
in mean amplitudes between the Nogo trials and Go trials 
was defined as an ERP Go/Nogo effect. To examine the dif-
ference in the ERP Go/Nogo effect between the stress and 
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control groups, independent t-tests between the groups were 
performed on the ERP Go/Nogo effects for the P2 and P3 
components, respectively.

In addition, associations between the P3 amplitude and 
behavioral performance (RT) on the probe task were exam-
ined. Specifically, for the Go trials, Pearson correlations 
were performed between the Go-P3 amplitude and probe RT. 
For the Nogo trials, Pearson correlations were performed 
between the Nogo-P3 amplitude and probe RT.

Statistical calculations were carried out with IBM SPSS 
Statistics for Windows, version 19.0 (IBM cooperation, 
Armonk, NY). All effects with more than one degree of free-
dom were adjusted for sphericity violations using the Green-
house-Geisser correction. Partial eta squared (ηp

2) was used 
as an estimate of effect size in interpreting ANOVA results. 
Cohen’s standards (1988) for the interpretation of partial eta 
squared effect size were used: small (0.01), medium (0.06), 
and large (0.14). Cohen’s d was used as used an estimate of 
effect size in interpreting t tests. The standards were small 
(0.20), medium (0.50), and large (0.80).

Results

Behavioral results

The stress group reported significantly higher stress (PSS 
score) than the control group, t (58) = 3.530, p = 0.001, d = 
0.911 (Fig. 2a). The levels of state anxiety were higher for 
the stress than the control group, t (58) = 5.161, p < 0.001, 
d = 1.332 (Fig. 2b). The levels of positive affect were lower 
for the stress than the control group, t (58) = 2.469, p = 
0.017, d = 0.637 (Fig. 2c). The levels of negative affect were 
higher for the stress than the control group, t (58) = 3.175, 
p = 0.002, d = 0.820 (Fig. 2d).

For the Go/Nogo task, faster RTs were found for the stress 
(371.0 ms) than the control group (402.8 ms), t (58) = 2.141, 
p = 0.037, d = 0.553 (Fig. 3a). No OE difference was found 
between the stress (0.024) and control (0.015) groups in the 
Go trials, t (58) = 1.245, p = 0.218, and no CE difference 
was found between the stress (0.005) and control (0.007) 
groups in the Nogo trials, t (58) = 0.598, p = 0.552.

Fig. 2  Mean subjective ratings of PSS (a), state anxiety (b), positive affect (c), and negative affects (d) for both the stress and control groups. 
The error bars indicate standard error of the mean. *p < 0.05, **p < 0.01, ***p < 0.001
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For the probe RT, the Group × Probe type interaction 
was significant, F (1, 58) = 10.477, p = 0.002, ηp

2 = 0.153. 
Simple effect analysis revealed that, 1) RTs were longer 
for the Nogo-probe than the Go-probe in both the stress 
and control groups, ps < 0.001; 2) for the Go trials, RTs 
were marginally significantly longer for the control than 
the stress group, p = 0.068; for the Nogo trials, RTs were 
longer for the control than the stress group, p = 0.008 
(Fig. 3b). The probe RT effect was larger for the control 
than the stress group, t (58) = 3.237, p = 0.002, d = 0.835.

Electrophysiological results

For the P2 component, the Group × Response type inter-
action also was significant, F (1, 58) = 5.401, p = 0.024, 
ηp

2 = 0.085. Simple effects analysis revealed that more 
positive ERPs were evoked for the stress than the control 
group in Go trials (p = .042), but not in Nogo trials (p 
= 0.676). More positive ERPs were evoked for Go than 
Nogo trials in the control group (p < 0.001), but not in 
the stress group (p = 0.095). The P2 ERP Go/Nogo effect 
was smaller for the stress than the control group, t (58) = 
2.478, p = 0.016, d = 0.640.

For the P3 component, the Group × Response type 
interaction also was significant, F (1, 58) = 6.124, p = 
0.016, ηp

2 = 0.096. Simple effects analysis revealed that 
more positive ERPs were evoked for the stress than the 
control group in Nogo trials (p = 0.026), but not in Go 
trials (p = 0.314). More positive ERPs were evoked for 
Nogo than Go trials in both the stress and control groups 
(ps < 0.001). The P3 ERP Go/Nogo effect was larger for 
the stress than the control group, t (58) = −2.475, p = 
0.016, d = 0.640.

Correlation of RT and P3 amplitude

For the Go trials, results of Pearson correlations showed that 
the P3 amplitude were negatively correlated with the probe 
RT (r = −0.396, p = 0.002). For the Nogo trials, results of 
Pearson correlations showed that the P3 amplitude was nega-
tively correlated with the probe RT (r = −0.383, p = 0.003).

Discussion

The present study investigated the influence of chronic aca-
demic stress on response inhibition. The participants in the 
stress group reported higher levels of perceived stress, state 
anxiety, and negative affects (and lower positive affects) than 
those in the control group, indicating that the NPEE success-
fully induced chronic academic stress (Duan et al. 2015; Wu 
et al. 2014; Yuan et al. 2016; Zhang et al. 2016).

In line with the findings of Gao et al. (2017), the behavio-
ral results showed that the probe RTs were longer for Nogo 
than Go trials in both stress and control groups, indicating 
that it is more cognitively demanding to withhold (Nogo) 
than execute (Go) a response. Evidence has suggested that a 
global suppression of the motor system is induced by Nogo 
stimuli (Aron 2011; Wiecki & Frank 2013). Therefore, the 
longer probe RTs might result from an ongoing global sup-
pression triggered by the previous Nogo stimuli.

The Go RTs and the probe RTs were shorter for the stress 
group than for the control group. These results are consistent 
with those of a previous study that found a faster response in 
a task requiring response inhibition under examination stress 
(Kofman et al. 2006). Sandi (2013) suggested that exposure 
to chronic or sustained stress improves performance in sim-
ple or well-rehearsed tasks. Sustained state anxiety induced 

Fig. 3  RTs for the Go/Nogo task (a) and probe task (b). The error bars indicate standard error of the mean. *p < 0.05, **p < 0.01, ***p < 0.001
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by unpredictable shock improved the ability to withhold pre-
potent responses (Löw et al. 2015; Robinson et al. 2013). 
Similarly, the superior performance for stressed participants 
in this study might suggest an increase in processing effi-
ciency in a dual task paradigm under stress.

The ERP results showed that the frontocentral P2 ampli-
tude was larger for Nogo than Go trials in the control group. 
This was in line with findings of a previous study (Barry & 
De Blasio 2013). The P2 amplitude is sensitive to the amount 
of attentional resources recruited for perceptual processing 
(Bonnefond et al. 2010; Lenartowicz et al. 2014; Stock et al. 
2016; Zhang et al. 2021). Therefore, the increased P2 ampli-
tude found in this study might indicate enhanced resource 
allocation processes on Nogo trials. In other words, response 
inhibition was more cognitively demanding than response 
activation (Gao et al. 2017). The P2 Go/Nogo effect was 
smaller for the stress group than for the control group, 
mainly driven by an increased P2 amplitude after Go tri-
als for the stress group. Increased Go P2 amplitude for the 
stress group relative to the control group might indicate an 
enhancement of attentional resources allocation to the Go 
stimuli under stress. Such an interpretation is supported by 
the faster response for Go stimuli in the stress group.

The frontocentral P3 was more positive for Nogo than 
Go trials. This is consistent with previous studies (Gao et al. 
2017; Qi et al. 2017; Smith et al. 2010). The Nogo P3 has 
been associated with conflict resolution through top–down 
inhibition processing (Donkers & Van Boxtel 2004; Shucard 
et al. 2008; Smith et al. 2010). The present results might 
indicate an increased conflict resolution for the Nogo rela-
tive to the Go trials.

Group differences were found during the P3 epoch. Spe-
cifically, the Nogo P3 amplitude was more positive for the 
stress group than for the control group. The P3 Go/Nogo 
effect (reflected by the different waves in Fig. 4) was larger 

for the stress group than for the control group. These results 
suggested that a greater amount of cognitive resources was 
recruited for conflict resolution under chronic academic 
stress. A negative correlation between the P3 amplitude and 
probe RT was found in this study, suggesting that the Go/
Nogo task might have interacted with the probe task (i.e., 
dual task reference). The probe RT might be effective in 
measuring conflict resolution reflected by the P3 amplitude. 
The probe RT effect was smaller for the stress group than for 
the control group. This might suggest a facilitatory effect of 
stress on conflict resolution.

Both facilitatory (Dierolf et al. 2018; Qi et al. 2017) and 
detrimental (Dierolf et al. 2017) effects of acute stress on 
response inhibition have been reported in previous studies. 
The stressor type, stress intensity, and time interval between 
stressor and cognitive tasks might account for the diver-
gent findings on stress modulation of response inhibition 
(Dierolf et al. 2018; Sandi 2013). In this study, although a 
stress-induced facilitation of response inhibition was found, 
chronic stress was induced by the academic examination. 
Whether the neural correlates of response inhibition could 
be positively influenced by other types of chronic stressors 
(e.g., marital strife, work problems) should be addressed in 
future studies.

This study had some limitations. First, although the sam-
ple size in this study was similar to previous studies on aca-
demic stress (Lines et al. 2014; Liston et al. 2009), future 
studies are recommended to employ larger sample sizes to 
increase the statistical power (Brysbaert 2019). Second, the 
ERP Go/Nogo effect and the group differences with regard to 
the N2 component were absent in this study. Conflict moni-
toring might be enhanced when a low-frequency response is 
made in the context of producing high-frequency responses 
(Donkers & Van Boxtel 2004). In this study, the Go and 
Nogo stimuli were presented with the same frequency, and 

Fig. 4  Waveforms of temporospatial PCA for the P2 (a) and P3 (b) components in the Go/Nogo task. Topographic maps indicate the Go/Nogo 
effects (Go minus Nogo)
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conflict monitoring for the Nogo stimuli might be decreased. 
Therefore, the effect of chronic academic stress on conflict 
monitoring could not be addressed. Further studies are 
needed to better address this issue by adopting low-fre-
quency Nogo relative to Go trials.

Conclusions

The present findings suggest that response inhibition may be 
modulated by chronic academic stress. Both the behavioral 
and ERP results indicated that response inhibition is facili-
tated under stress by enhanced conflict resolution.
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