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1   |   INTRODUCTION

Chronic stress is often reported to precede mental dis-
orders, such as major depression and anxiety disorders 
(Hammen et al., 2009; Holahan et al., 2005; Schneiderman 
et al., 2005). There are, however, considerable individual 
differences in responses to stressful situations, and stress-
related disorders are more likely to occur in individuals 
who lack adaptive coping mechanisms. The present study 
was interested in how the adaptive capacities in cognition 

and emotion could moderate the stress reactivity in daily 
life.

The adjustment of cognitive control is context-sensitive 
and allows for flexible and dynamic regulation of control 
processes (Braem et al., 2019). Cognitive control refers to 
the ability to employ internal goals to deal with the conflict 
between competing representations and task demands, 
which is perhaps the most distinguished difference be-
tween humans and other species (Egner, 2017). More im-
portantly, it has been suggested that cognitive control is 
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Abstract
Chronic exposure to daily stress can be harmful to mental health especially when 
individuals lack adaptive adjustment mechanisms. The present study aimed to 
investigate how the adaptive capacities in cognition and emotion as well as their 
neural signatures could moderate the stress reactivity in daily life. Seventy-five 
healthy participants aged 18–24 years participated in this study. We recorded 
brain activity using electroencephalography while participants were performing 
a conflict task and an emotion regulation task in the laboratory. Using the experi-
ence sampling method, participants were subsequently instructed to report their 
daily stress and daily affect on 14 consecutive days. Our results revealed that a 
larger adaptation effect in reaction times of the conflict task predicted a stronger 
negative affect in response to the stress of the same day. The adaptation effect in 
the N2 and P3 components elicited by the conflict task predicted a weaker influ-
ence of today's stress level on the next day's stress level, pointing to a better stress 
adaptation. However, emotion regulation capacities did not predict daily stress 
reactivity. Our data indicate that conflict adaption predicts two aspects of stress 
reactivity in daily life: how stress influences the negative affect that day, and how 
stress that day is related to stress the next day. These findings point to new av-
enues for early screening of stress-vulnerable populations, with implications for 
the prevention and intervention of stress-related mental disorders.
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not a static process. Instead, as the engagement of control 
is resource-intensive and costly, it should only be imposed 
when necessary (Shenhav et al., 2013). This dynamic reg-
ulation of the control process is captured by the concept 
of adaptive control in response to changing environments 
(Braem et al., 2019).

One measure of adaptive control is the conflict adapta-
tion effect, also referred to as congruency sequence effect, 
that is, the congruency effect of current trials is influenced 
by the previous-trial congruency (Botvinick et al., 2001). 
In conflict tasks, the trial congruency means whether task-
relevant and task-irrelevant information are congruent in 
a particular trial. Conflict adaption suggests that the level 
of control is up-regulated during trials that follow an in-
congruent trial, that is, a conflict. This conflict adaptation 
effect is reflected in how the reaction time of the current 
incongruent trial is reduced following previous incongru-
ent trials compared to previous congruent trials (Clayson 
& Larson,  2011b). The faster reaction time for iI trials 
(previous incongruent, current incongruent) than for cI 
trials (previous congruent, current incongruent) shows 
larger reduced interference from incongruent distractors, 
indicating larger adaptation of control following a conflict 
(Egner, 2007). Since the need to adapt to changing envi-
ronments is also crucial for dealing with stressors in daily 
life, this conflict adaptation capacity could be closely re-
lated to daily stress reactivity.

Two electrophysiological indices associated with cog-
nitive control are the event-related potential (ERP) com-
ponents N2 and P3 (Clayson & Larson, 2011a). The N2 
is a negative component that peaks around 250–350 ms 
after stimulus onset and distributes over fronto-central 
sites (Clayson & Larson, 2011a; Larson et al., 2014; van 
Veen & Carter,  2002). N2 has been suggested to play a 
role in conflict detection and to reflect conflict monitor-
ing (Forster et al., 2011; Yeung et al., 2004). It is thought 
to be generated from the anterior cingulate cortex (ACC; 
Ladouceur et al.,  2007; Yeung et al.,  2004). ACC is in-
volved in the evaluative component of cognitive con-
trol mechanisms and is responsible for monitoring the 
amount of conflict (van Veen & Carter, 2006). Altogether, 
the N2 is considered a neural signature associated with 
the evaluative process of ACC on conflicts (Clayson & 
Larson, 2011a). In addition to the N2, the P3 component 
is also modulated by conflicts, which is a positive wave-
form observed over centro-parietal areas during 350–
600 ms window following the presentation of stimuli 
(Clayson & Larson, 2011a). The P3 has been suggested to 
reflect response inhibition (Albert et al., 2013; Clayson 
& Larson, 2011a) and allocation of attentional recourses 
(Polich,  2007). Therefore, P3 might be more related to 
the executive process of control rather than the evalua-
tive process.

In addition to cognitive adjustment, emotion regula-
tion represents a fundamental mechanism of adaptation. 
According to Gross (1998), there are two major classes of 
emotion regulation: one is antecedent-focused (e.g., reap-
praisal); the other is response-focused (e.g., suppression). 
Reappraisal was defined as the interpretation of the emo-
tional stimuli in an unemotional manner (Gross,  1998; 
Speisman et al.,  1964). Suppression was defined as the 
inhibition of emotion-expressive behaviors (Gross, 1998; 
Gross & Levenson,  1993). While reappraisal has been 
found to lower disgust experience, suppression is more 
likely to increase the activation of the sympathetic system. 
Thus, reappraisal tends to be more beneficial to health 
than suppression (Gross, 1998). The evidence from neu-
roimaging studies has shown that reappraisal is related 
to the frontoparietal executive network. However, for in-
hibition of fear, neural activation is found in the ventral 
ACC (vACC) and the ventromedial PFC (vmPFC; Etkin 
et al., 2015).

Late positive potentials (LPP) are a neural signature 
sensitive to emotional stimuli, as larger LPP amplitude 
is observed for emotional compared to neutral stim-
uli (Cuthbert et al.,  2000; Schupp et al.,  2004). The LPP 
is a slow wave dominant over centro-parietal areas that 
lasts for a long period following the presentation of stim-
uli (Cuthbert et al., 2000; Keil et al., 2002). Importantly, 
previous studies have shown that LPP is ideal for in-
vestigating emotion regulation: the LPP amplitude has 
been reduced by strategies of both reappraisal (Hajcak & 
Nieuwenhuis, 2006; Thiruchselvam et al., 2011) and sup-
pression (Moser et al.,  2006). Thus, the reduced LPP by 
reappraisal and suppression may serve as neural markers 
of the magnitude of emotion regulation.

Previous findings based on self-report questionnaires 
have already suggested a link between emotion regu-
lation habits (reappraisal and suppression) and daily 
well-being or daily stress response (Katana et al.,  2019; 
Richardson, 2017). Katana et al. (2019) using a daily diary 
study showed that reappraisal was positively associated 
with subjective well-being and negatively associated with 
perceived stress; in contrast, suppression was negatively 
related to subjective well-being. Richardson  (2017) also 
found that individuals with higher suppression reported 
less positive affect under high daily stress.

On the other hand, some previous behavioral stud-
ies have also suggested a moderating effect of cognitive 
functions on daily stress reactivity. For example, Stawski 
et al.  (2010) found that higher levels of fluid cognitive 
ability (measured with a telephone-based battery of tests) 
are associated with a reduced increase in negative mood 
towards a stressor for adults across a large age range (aged 
33–84 years old). Furthermore, Stawski et al.  (2019) also 
showed that in older adults the greater negative affect 
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reactivity to daily stress is related to greater response time 
inconsistency (RTI) between-persons and increased RTI 
within persons.

Beyond this behavioral evidence, there are also neuro-
cognitive findings suggesting associations between cogni-
tive control and stress reactivity in daily life. Preliminary 
ERP data suggested that the error-related negativity 
(ERN) may be predictive of the anxiety response to daily 
stressors (Compton et al.,  2008). In addition, a subse-
quent study reported that the error positivity (Pe) compo-
nent, an index for correct-error differentiation, predicted 
the relationship between daily stress and negative affect 
(Compton et al., 2011). Moreover, accumulating research 
from cognitive neuroscience has suggested that the ad-
aptation processes in conflict tasks might in turn predict 
stress responses in daily life (van Steenbergen et al., 2021). 
For example, fMRI findings showed that neural respon-
sivity of the noradrenergic locus coeruleus (LC-NE) re-
flecting conflict adaptation in an emotional-conflict task 
was associated with real-life stress resilience (Grueschow 
et al., 2021).

The above literature has provided initial evidence for 
using cognitive or emotional functions to predict daily 
stress responses. However, the neural mechanisms un-
derlying these effects remain largely unknown. Thus, 
apart from the behavioral indexes, we also recorded elec-
troencephalography (EEG) during the tasks. Moreover, 
the daily stress reactivity examined by previous studies 
mainly focused on the same-day affect response to stress. 
However, we are also interested in the dynamic stress 
change process, that is, how the previous day's stress con-
tinues to influence the next day's stress. This process is 
of great interest because the continuation of stress across 
2 days may reflect the adaptation capacity in real life. 
Short-term stressors typically do not impair people's men-
tal or physical health if they are only transient. However, 
if they accumulate, then small stressors such as missing 
an important deadline or making errors in tasks can result 
in pronounced stress, which may be harmful. In this case, 
a smaller correlation between stress of day N and stress 
of day N + 1 would be more adaptive since fewer stressors 
on day N may be prolonged to be stressors on day N + 1. 
Therefore, we focus on two measures of daily stress reac-
tivity in our study: (1) the association between stress and 
the same-day negative affect; (2) the association between 
current-day stress and next-day stress.

The present study adopted a widely used Simon task 
(Hommel,  2011) to measure conflict adaptation and a 
classic picture-viewing task to assess emotional regula-
tion while EEG signals were recorded during the tasks. 
Healthy participants reported their stressors and nega-
tive affect for 14 consecutive days after laboratory assess-
ment. We intuitively hypothesized that higher conflict 

adaptation/emotion regulation would be related to less 
negative affect in response to daily stress. Alternatively, 
the negative affect could also serve as an adaptive signal to 
trigger immediate actions to deal with stress (Barish, 2009; 
Fredrickson, 2004). From this perspective, higher negative 
affect would be more beneficial and adaptive than remain-
ing indifferent to the stress. In this case, the better adjust-
ment capacity, as reflected by higher conflict adaptation/
emotion regulation, should predict higher same-day neg-
ative affect. In addition, we hypothesized that individuals 
with higher conflict adaptation/emotion regulation would 
be more likely to adapt to or solve the stressors, so their 
stress of the next day would be more independent from 
the previous day.

2   |   METHOD

2.1  |  Participants

Seventy-five participants were recruited through on-
line advertisement from universities in Beijing. Given 
the multimethod approach of the present study, which 
was a combination of lab-based assessments (both 
behavioral and psychophysiological) and real-world 
longitudinal data collection, we drew on previous clas-
sical work with similar design when deciding on the 
sample size (Compton et al.,  2008, 2011). All partici-
pants completed both a conflict task and an emotion 
regulation task (as described in Sections  2.2 and 2.3) 
as well as a subsequent two-week daily self-report on 
stressful events and affect. The final sample consisted 
of 73 participants (Gender: 37 females and 36 males; 
Mean age: 20.41 years old; Range of age: 18 to 24 years 
old) since two participants were excluded due to poor 
cooperation and experimenter error during the labo-
ratory assessments. All participants reported normal 
or corrected-to-normal vision and were right-handed. 
They provided written informed consent before the 
study and received monetary compensation afterward. 
The study was approved by the Ethics Committee of 
Human Experimentation at the Institute of Psychology, 
Chinese Academy of Sciences.

2.2  |  Conflict task

The Simon task was used to measure the conflict ad-
aptation (see Figure 1a). In this task, one out of eight 
white digits (1 to 9, except 5) was presented on the 
left- or right-hand side on a black computer screen. 
We adapted this task from a recent study that also used 
EEG during this task (Fischer et al., 2018). Participants 
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F I G U R E  1   Overview of the conflict task and results. (a) Illustration of Simon task procedure. Digital number 1 ~ 9 (except 5) was 
presented on the right/left side of the screen. Participants pressed the left key (if the number <5) or the right key (if the number >5). In the 
congruent trial example (top panel), the presentation location of stimuli and required response were both on the left side. In the incongruent 
trial example (bottom panel), the presentation location of stimuli was on the left side, while the required response was on the right side, 
then a conflict occurred. (b) Behavioral performance of cognitive control. The Previous-trial Congruency × Current-trial Congruency 
interaction effect indicated conflict adaptation. Error bars show standard error. (c) Grand average ERPs in the cC, cI, iC, and iI conditions 
(cC = previous congruent preceded by current congruent; cI = previous congruent preceded by current incongruent; iC = previous 
incongruent preceded by current congruent; iI = previous incongruent preceded by current incongruent.) The N2 was averaged across 
the centro-frontal electrodes (F1, Fz, F2, FC1, FCz, FC2) in a time window of 280–400 ms The P3 was averaged across the centro-parietal 
electrodes (CP1, CPz, CP2, P1, Pz, P2) in a time window of 400–600 ms. ***p < .001.
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      |  5 of 15LIN et al.

were instructed to press the left key if the stimulus was 
smaller than 5 and the right key if larger than 5. The 
conflict occurred when a number <5 was presented on 
the right position on the screen or when a number >5 
was presented on the left. Incongruent trials accounted 
for 50% of the total number of trials. The task consisted 
of three blocks, and each block consisted of 65 trials. 
The first trial in each block was excluded from analysis, 
which resulted in 64 valid trials in each block. To reduce 
the potential influence of low-level feature repetition 
(Egner,  2017), the identical number was programmed 
to not appear in two consecutive trials. In addition, we 
strictly controlled the combination of numbers and po-
sitions, so that all combinations had an equal chance in 
each block.

For each trial, a fixation was firstly presented for 
1000 ms, followed by a numerical stimulus of 250 ms. The 
participants had a maximum of 1600 ms to respond before 
a randomized blank interval of 200 to 800 ms. At the view-
ing distance of 60 cm, the numerical stimulus had a visual 
angle of 0.67° × 0.95° on a 17-inch screen. Participants 
completed a 20-trial practice block before the formal ex-
periment. The task was programmed with E-Prime 2.0 
(Schneider et al., 2002).

2.3  |  Emotion regulation task

The emotion regulation task was a picture-viewing task 
(Thiruchselvam et al., 2011) that consisted of four blocks: 
neutral (passive viewing), negative (passive viewing), re-
appraisal, and suppression (see Figure  2a). The neutral 
(passive viewing) block was set as the first block for all par-
ticipants to prevent the influence of emotional conditions 
(Gross, 2002; Moser et al., 2006), while the sequence of the 
other three blocks was counterbalanced. Between blocks, 
participants had a 2-min rest period.

In the two passive viewing blocks, participants were in-
structed to carefully watch the neutral/negative pictures 
and to allow their natural emotional reactions. In the re-
appraisal block, participants were asked to reinterpret the 
picture positively or to view it as fake photoshop artwork, 
in order to be emotionally neutral while viewing the pic-
tures. In the suppression block, participants were required 
to consciously control their emotional reactions, so that 
people cannot perceive their emotions from their expres-
sion. The reappraisal and suppression blocks contained 
only negative pictures.

The stimulus material included 120 pictures (30 
neutral; 90 negative) from the International Affective 

F I G U R E  2   Overview of the emotion regulation task and results. (a) Illustration of emotion regulation task procedure. The cue reminded 
participants of the condition of each block (“View” in neutral and negative passive viewing blocks; “Reappraisal” and “Suppression” in 
emotion regulation blocks). (b) Subjective ratings of valence and arousal. Both reappraisal and suppression increased valence (higher score 
indicates more positive emotion) and reduced arousal (higher score indicates more aroused state). Error bars show standard error. (c) Grand 
average ERPs in the Neutral (passive viewing), Negative (passive viewing), Reappraisal, and Suppression conditions. The LPP was averaged 
across the centro-parietal sites (CP1, CPz, CP2, P1, Pz, P2, PO3, POz, PO4) in a time window of 300–1000 ms. ***p < .001. n.s., not significant.
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Picture System (IAPS; Lang et al.,  2008). According to 
the IAPS report (Lang et al., 2008), the valence (neutral: 
M = 5.13, SD = 0.51; negative: M = 2.37, SD = 0.63) and 
arousal (neutral: M = 3.23, SD = 0.69; negative: M = 5.97, 
SD = 0.77) of the pictures differed significantly between 
the neutral and negative, which were similar to previ-
ous studies on the neural mechanisms of emotion (e.g., 
Hajcak & Nieuwenhuis, 2006; Thiruchselvam et al., 2011). 
The three sets of 30 negative pictures were comparable in 
valance and arousal, and were randomly assigned to the 
three conditions (negative, reappraisal, and suppression) 
varied across participants. Stimuli were presented on a 17-
inch monitor with a black background, at a viewing dis-
tance of 60 cm.

Each trial started with a fixation of 2000 ms, followed 
by a cue of 1000 ms (view, reappraisal, suppression), a 
blank screen of 500 ms, and a stimulus picture of 3000 ms. 
Afterwards, participants rated their valence (1  =  nega-
tive; 9 = positive) and arousal (1 = calm; 9 = extremely 
aroused) using the Self-Assessment Manikin (SAM) scale 
(Bradley & Lang, 1994). The task was programmed with 
E-Prime 2.0 (Schneider et al., 2002).

2.4  |  Electrophysiological recording

The EEG was recorded with 64 Ag/AgCl electrodes em-
bedded in a cap (Neuroscan Inc., USA) that was placed 
according to the international 10–20 system and refer-
enced to the left mastoid. The vertical electro-oculograms 
(VEOG) were recorded with electrodes placed above and 
below the left eye. The horizontal electro-oculograms 
(HEOG) were recorded with electrodes placed 1 cm from 
the outer canthus of each eye. All impedances were main-
tained below 5 kΩ. The EEG was amplified by SynAmps2 
with a 0.05 to 100 Hz bandpass filter and digitized at a 
sampling rate of 1000 Hz.

The offline processing was conducted using Scan 4.3 
(Neuroscan Inc., USA). The EEG data were re-referenced 
to mean to the left and right mastoids. The Ocular Artifact 
Reduction (OAR) transform algorithm built in the 
Neuroscan software was used to identify and correct EOG 
artifacts. The EEG was then lowpass-filtered at 30 Hz (FIR 
filter, half-amplitude cut-off) and epochs were extracted 
for a period of 1200 ms time-locked to the onset of the 
stimuli, including 200 ms prior to the stimulus onset (as 
baseline) and 1000 ms after the stimulus onset. Trials with 
artifacts that exceeded ±100 μV were discarded. The EEG 
epochs were then averaged to ERPs. EEGLAB was used to 
generate scalp topography.

In the conflict task, only correct trials were included 
in the analysis to avoid the contamination of error-related 
negativity (Miller et al., 2012). After the exclusion of trials 

described in the data pre-analysis (see Section 3.1) and the 
artifacts (13.7% in total of all eliminations), the mean of 
accepted trials across conditions was 41.45, with a range 
from 41.33 to 41.53 trials. According to the previous stud-
ies (Clayson & Larson, 2011a; Larson et al., 2014; van Veen 
& Carter, 2006) and visual inspection, the amplitude of N2 
was defined as the average value over the centro-frontal 
electrodes (F1, Fz, F2, FC1, FCz, FC2) in a time window 
that lasted from 280 to 400 ms after stimulus onset; the 
amplitude of P3 was defined as the average value over the 
centro-parietal electrodes (CP1, CPz, CP2, P1, Pz, P2) in a 
time window from 400–600 ms.

In the emotion regulation task, after the exclusion of 
artifacts (1.7%), the average of accepted trials across con-
ditions was 29.48, ranging from 29.41 to 29.55. Referring 
to the previous studies (Hajcak & Nieuwenhuis,  2006; 
Moser et al., 2014) as well as observation, the amplitude of 
LPP was defined as the average over centro-parietal sites 
(CP1, CPz, CP2, P1, Pz, P2, PO3, POz, PO4) in a time win-
dow of 300–1000 ms.

2.5  |  Measurement of daily stress and  
affect

After the cognitive control and emotion regulation meas-
urements, participants were instructed to report continu-
ously for 14 days on their daily stress and affect. Every 
evening, participants received a scheduled email with an 
online questionnaire link. They were asked to complete 
the questionnaire before they went to sleep.

2.5.1  |  Daily stress

Daily stress was assessed using an adapted version of 
the Daily Inventory of Stressful Events (DISE; Almeida 
et al.,  2002). This inventory included seven questions 
about the occurrences of stressful events: (1) you had an 
argument or disagreement with someone; (2) you could 
have argued about something but you decided to avoid a 
disagreement; (3) you encountered a stressful situation 
at work or school (apart from the mentioned events, the 
same as below); (4) you encountered a stressful situation 
at home; (5) you experienced discrimination; (6) your fam-
ilies, relatives or close friends encountered something bad; 
(7) you encountered anything else bad or stressful things. 
Participants were instructed to firstly state whether those 
things happened to them within the past 24 hours. If par-
ticipants stated “yes”, then they were asked to rate the 
severity of the event from 1 to 4 (1 = not at all; 4 = very 
much). The sum of the scores denoted the magnitudes of 
daily stress.
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      |  7 of 15LIN et al.

2.5.2  |  Daily negative affect

The daily negative affect was measured through the 9-
item Positive Affect and Negative Affect Scale (PANAS) 
proposed by Diener and Emmons (1984), which was also 
used in their daily study. This short scale consisted of 
four positive items (happy, joyful, pleased, and enjoyment/
fun) and five negative items (depressed/blue, unhappy, 
frustrated, angry/hostile, and worries/anxious), rated on a 
scale from 1 to 7 (1 = not at all; 7 = very much). Since the 
positive affect was not the interest of the present study, we 
only calculated the daily negative affect score by averaging 
across the five negative items.

2.6  |  Statistical analysis

To investigate the main hypotheses, we implemented 
hierarchical linear modeling (HLM) using the GAMLj 
module (Gallucci,  2019) of the jamovi (Version 1.6, 
2021). HLM, also known as multilevel modeling, is a 
suitable approach for nested data structure (Raudenbush 
& Bryk, 2002). In our case, the data had two levels: the 
stress and affect reported daily (Level 1) nested within 
persons (Level 2). The Level 1 continuous predictor 
(daily stress) was group mean centered. The Level 2 
continuous predictors (cognitive control/emotion regu-
lation variables) were z-scored. Specifically, the four 
cognitive control variables are the adaptation effect 
(AE = cI - iI) scores of reaction time (RT), percent error 
(PE), N2 amplitudes, and P3 amplitudes. The six emo-
tion regulation variables are the difference scores in va-
lence, arousal, and LPP amplitudes between reappraisal 
and negative condition, and between suppression and 
negative condition. Dichotomous predictor (gender) 
was dummy coded (male vs. female) with male as the 
reference group.

The main goal of this study was to investigate whether 
the conflict adaptation or emotion regulation variables 
measured in the laboratory could predict daily stress reac-
tivity. The daily stress reactivity included two aspects in the 
present study: (1) the influence of stress on the same-day 
negative affect response; (2) the influence of current-day 
stress on the next-day stress. We estimated the cognitive/
emotional variablesj × Stressij interaction term predicting 
(1) same-day negative affect and (2) next-day daily stress 
with separate random slope models. All cognitive control 
variables were entered into one HLM model together, as 
were the emotion regulation variables. All analyses were 
performed without and with controlling for gender.

Significance level was set at .05. For all ANOVA tests, 
Greenhouse–Geisser correction was used when sphe-
ricity hypothesis was violated. All p values for pairwise 

comparisons were corrected with Bonferroni adjustment. 
Effect sizes were denoted by partial eta-squared (�2p).

3   |   RESULTS

3.1  |  Performance and neural signature 
of conflict adaptation

The following steps in data pre-processing for the conflict 
adaptation analysis (Fischer et al., 2018) were performed 
in sequence for all data (including EEG): (1) delete first 
trials; (2) delete post-error trials (6.3%); (3) for RT analysis 
only, delete trials that deviated more than 2.5 standard de-
viations from the individual condition mean (2.2%); (4) for 
RT and EEG analysis only, delete error trials (5.6%) [note 
some error trials have already been incidentally deleted in 
the step (2)].

3.1.1  |  Behavioral performance

The response time (RT) and percent error (PE) were 
analyzed as indicators of behavioral performance (see 
Figure 1b). The performance of the Simon task averaged 
352 ms (SD = 102 ms) RT and 6.39% PE (SD = 5%). Based 
on the Previous-trial Congruency (c = previous congruent; 
i = previous incongruent) and Current-trial Congruency 
(C = current congruent; I = current incongruent), the data 
were divided into four sets: cC, cI, iC, and iI.

Repeated measures ANOVA on RT revealed a signifi-
cant interaction effect between Previous-trial Congruency 
and Current-trial Congruency, F(1, 72) = 235.69, p < .001, 
�
2
p = 0.77. Post Hoc Tests showed that following previously 

congruent trials, the responses for current incongruent 
trials were slower than current congruent trials (cI > cC, 
t(72) = 8.43, p < .001); in contrast, following previous in-
congruent trials (i.e., post-conflicts), the responses for cur-
rent incongruent trials were faster than current congruent 
trials (iI < iC, t(72) = −8.59, p < .001). This congruency se-
quence effect reflects the conflict adaptation. The PE anal-
ysis also showed a similar pattern that the interference 
effect was reduced following conflicts: while the error 
rate was higher in incongruent trials than congruent trials 
(cI > cC, t(72) = 5.35, p < .001) following congruent trials, 
it was smaller in incongruent trials (iI < iC, t(72) = −5.68, 
p < .001) following conflicts.

3.1.2  |  Neural signature

The grand average waveforms for N2 and P3 were 
shown in Figure 1c. Repeated measures ANOVA on the 
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8 of 15  |      LIN et al.

N2 suggested a significant main effect of Current-trial 
Congruency: F(1, 72) = 5.13, p = .026, �2p = 0.07, the current 
incongruent trial elicited a larger N2 than current congru-
ent trials. No significant interaction effect was detected for 
the N2 (p = .739). For the P3, the main effect of Current-
trial Congruency was also detected, F(1, 72)  =  10.09, 
p = .002, �2p = 0.12, indicating a larger P3 in current incon-
gruent trials. In addition, we found a significant Previous-
trial Congruency × Current-trial Congruency interaction 
effect, F(1, 72) = 8.44, p = .005, �2p = 0.10, which suggested 
that the difference between current congruent and in-
congruent trials was reduced when the previous trial was 
incongruent.

According to Clayson and Larson  (2011b), the larger 
difference between iI and cI trials indicated heightened 
cognitive control following high-conflict trials. We calcu-
lated this difference score for both behavioral indices (RT, 
PE) and neural indices (N2, P3) in our study to index the 
adaptation effect (AE = cI – iI; Liu et al., 2018).

3.2  |  Ratings and neural signature of the 
emotion regulation task

3.2.1  |  Valence and arousal ratings

Participants rated the valence and arousal of each picture 
on a 1–9 scale after each trial. The results of repeated meas-
ures ANOVA on valence and arousal ratings are shown 
in Figure  2b. The difference in valence ratings among 
different Conditions was significant: F(3, 216) =  128.31, 
p < .001, �2p = 0.64. Post Hoc Tests revealed significant dif-
ferences among all pair-comparisons (ps <.001): negative 
(passive viewing) condition resulted in most negative af-
fect and neutral (passive viewing) condition most positive; 
suppression and reappraisal conditions were in between, 
with reappraisal resulting in less negative ratings than 
suppression.

Conditions also had a significant effect on arousal rat-
ings: F(3, 216)  =  63.70, p < .001, �2p  =  0.47. As expected, 
participants were more aroused in negative (passive view-
ing) than all other conditions, ps <.001, and less aroused in 
neutral (passive viewing) than other conditions, ps <.001. 
However, there was no significant difference between sup-
pression and reappraisal conditions regarding arousal rat-
ings, p > .9.

3.2.2  |  Neural signature

Figure 2c shows the LPP waveforms elicited in the emo-
tion regulation task. Repeated measures ANOVA re-
vealed a significant effect of Conditions: F(3, 216) = 18.96, 

p < .001, �2p = 0.21. Post hoc analysis showed that the LPP 
in negative (passive viewing) was significantly stronger 
than LPP in neutral (passive viewing) (p < .001), reap-
praisal (p = .002), and suppression (p < .001). The LPP in 
neutral (passive viewing) condition was smaller than LPP 
in both reappraisal and suppression (ps <.001). No signifi-
cant difference in LPP between reappraisal and suppres-
sion was observed.

The difference scores in valence, arousal, and LPP 
between reappraisal and negative (passive viewing), sup-
pression and negative (passive viewing) were calculated 
and denoted as reappraisal and suppression effects, 
respectively.

3.3  |  Daily stress and negative affect

A total of 968 daily reports were available for subsequent 
analysis (94.7% response rate out of the potential 1022 
reports). The mean of daily reports completed by partici-
pants was 13.2 (SD  =  1.30), with a minimum of 8 days. 
The average daily stress among participants was 2.71 
(SD  =  3.44), ranging from 0 to 20. For comparison, the 
average daily stress reported from a previous large-scale 
national study with the same stress measuring instrument 
was 1.47 (SD =  2.35), ranging from 0 to 18 (Mroczek & 
Almeida, 2004). For daily negative affect, the participants 
reported an average of 2.10 (SD = 1.15), with a range from 
1 to 7. Daily stress and negative affect were significantly 
correlated both in case of single reports (r = .562, p < .001, 
N  =  968) and person-centered mean values (r  =  .590, 
p < .001, N = 73). We calculated the intraclass correlations 
(ICC) in the null models for daily stress (ICC = 0.58) and 
daily negative affect (ICC = 0.37), indicative of large vari-
ance in daily stress and negative affect among individuals. 
For reference, the ICC represents the variance contributed 
to the between-cluster difference (in our case, the cluster 
was person), which ranges from 0 (no variance among 
clusters) to 1 (variance among clusters but no within-
cluster variance). As the ICC increases, there is more 
need to use multilevel modeling (Finch et al.,  2019). In 
the initial model with only daily stress and daily negative 
affect, we found that the daily negative affect increased 
with daily stress, B = 0.22 (95% CI: 0.20, 0.24), t = 20.51, 
p < .001.

3.4  |  Predicting daily stress reactivity 
from conflict adaptation

To investigate whether conflict adaptation predicts daily 
negative affect in response to stressors, we estimated a 
random slope model with daily negative affect as the 
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      |  9 of 15LIN et al.

outcome variable and entered person-centered daily 
stress, mean daily stress, person-centered negative affect 
of previous day, conflict adaptation variables, and conflict 
adaptation variables × daily stress interaction as predic-
tors (see Table  S1). Results revealed that the adaptation 
effect of RT predicted the negative affect reactivity to 
daily stress, as suggested by the significant AE_RT × daily 
stress interaction, B = 0.07 (95% CI: 0.02, 0.12), t = 2.62, 
p = .011. Specifically, the direction of the interaction effect 
showed that a higher AE_RT score (namely more adap-
tation effect in reaction time) predicted stronger negative 
affect reactivity to daily stress. As depicted in Figure 3, the 
slope between daily stress and negative affect was larger 
for persons higher in AE_RT score (Mean + 1SD) than 
those lower in AE_RT score (Mean - 1SD). In other words, 
those with greater adaptation effects in RT showed steeper 
increases in negative affect as stress levels increased. 
However, the neural activity scores did not predict the 
slope of the association between daily stress and negative 
affect (p > .2). The pattern remained the same after con-
trolling for gender.

To further investigate how conflict adaptation mod-
erated the relationship between the stress of dayN and 
stress of dayN+1, we estimated a random slope model with 
daily stress-dayN+1 as the outcome variable and entered 
person-centered daily stress-dayN, conflict adaptation 
variables, and conflict adaptation variables × daily stress-
dayN interaction as predictors (see Table S2). Results re-
vealed that larger adaptation effect of N2 component 
predicted smaller association between stress-dayN+1 and 
stress-dayN, as indicated by the significant interaction of 

AE_N2 × daily stress-dayN, B = 0.16 (95% CI: 0.06, 0.26), 
t = 3.05, p = .004 (Note that N2 is a negative component, 
so greater negativity of AE score indicates a larger effect), 
see Figure 4 left panel. This pattern showed that for indi-
viduals with greater adaptation effects in N2 amplitudes 
(the blue line on the left panel, again note that N2 is a 
negative component), the stress levels of the next day were 
not affected by the stress levels of the current day; whereas 
for individuals with smaller adaptation effects in N2 am-
plitudes (the yellow line on the left panel), the stress lev-
els of the next day increased steeply as the stress levels 
of the current day increased. The same pattern was also 
found for the P3 component, as shown in the significant 
interaction of AE_P3 × daily stress-dayN, B = −0.16 (95% 
CI: −0.27, −0.06), t = −3.06, p = .003, see Figure 4 right 
panel. Namely, for those with greater adaptation effects in 
P3 amplitudes (the yellow line on the right panel), their 
stress levels the next day were less likely to increase in line 
with the current day's stress levels. Please note that since 
the N2 is a negative component while P3 is a positive com-
ponent, their patterns were exactly the same though the 
values showed opposite directions.

3.5  |  Predicting daily stress reactivity 
from emotion regulation

Identical analyses as described in Section  3.4 were con-
ducted while using emotion regulation variables instead 
of conflict adaptation. Model estimates are provided in 
the Supplemental Material (Tables  S3 and S4). Results 

F I G U R E  3   Adaptation effect (AE) 
of reaction time (RT) moderated the 
association between daily stress and 
negative affect. Participants with greater 
adaptation effect of RT showed larger 
increases in negative affect as daily stress 
increased. Daily stress value was person-
centered. Error range used standard error.
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10 of 15  |      LIN et al.

showed that the emotion regulation variables predicted 
neither the relationship between negative affect and daily 
stress (ps >.09) nor the association between stress-dayN+1 
and stress-dayN (ps >.1).

3.6  |  Negative affect moderating stress of 
next day

Because the above results showed that individuals with 
higher conflict adaptation effect in reaction time elicited 
larger negative affect to stress, we further exploratorily 
tested whether this negative affect response was adaptive 
as our alternative hypothesis proposed. Interestingly, we 

found that the negative affect at day N actually moderated 
the association between stress at day N and stress at day 
N + 1, B = −0.09 (95% CI: −0.14, −0.05), t = −3.89, p < .001 
(see Table S5). In other words, the higher negative affect 
to stress on day N predicted the attenuated the association 
between stress levels at day N and stress levels at day N + 1 
(see Figure 5), which indicates the potential adaptive ef-
fect of negative affect to stress.

4   |   DISCUSSION

The present study aimed to investigate whether the be-
havioral and psychophysiological signatures of conflict 

F I G U R E  4   Adaptation effect (AE) of N2 and P3 components moderated the association between the current day's stress and the next 
day's stress. Participants with a greater adaptation effect of N2 (note that N2 is a negative component, so smaller AE value means larger 
effect) and P3 components showed independent next-day stress from the current day, which indicates that they are less likely to be exposed 
to prolonged stress. Daily stress value was person-centered. Error range used standard error.

F I G U R E  5   Negative affect at day 
N moderated the association between 
stress at day N and stress at day N + 1. 
For individuals who showed a stronger 
negative affect at day N, the relationship 
between stress at day N and stress at day 
N + 1 was attenuated. Daily stress and 
negative affect were person-centered. 
Error range used standard error.
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      |  11 of 15LIN et al.

adaptation and emotion regulation can predict real-life 
stress reactivity. Stress reactivity included two phases: 
phase one is the same-day negative affect in response 
to stress; phase two is the next-day stress progress. The 
main finding of this study was that the RT performance in 
the conflict task predicted the negative affect response to 
daily stress. Individuals who showed a larger adaptation 
effect in RT reported more negative affect in response to 
daily stress. In addition, a greater neural adaptation effect 
reflected in N2 and P3 activity predicted less prolonged 
stress effect. Our results point to a specific predictive effect 
of conflict adaptation as emotion regulation performance 
and its neural basis did not predict stress responses in eve-
ryday life.

The outcome of this study revealed that a larger ad-
aptation effect of RT was associated with more negative 
affect in response to daily stressful events. This outcome 
is against the intuitive hypothesis that a higher cognitive 
adaptation effect would predict less negative affect in re-
sponse to stress. However, this outcome aligned with the 
affective-signaling hypothesis proposed recently (Dignath 
et al., 2020), suggesting a potential signaling function of 
affect. Accordingly, the negative affect reaction elicited 
by conflicts may be detected by a monitoring system and 
then drive the conflict adaptation. This signaling function 
of the affective reaction is also in line with previous ideas 
suggesting that the affective reaction to aversive conflicts 
triggers the adaptation in attention and performance and 
modulates cognitive control (Dreisbach & Fischer, 2015; 
van Steenbergen,  2015). This affective modulation of 
cognitive control is, to some extent, consistent with the 
view that the negative affect is an adaptive signal to trig-
ger immediate actions to deal with stress (Barish,  2009; 
Fredrickson,  2004). In other words, the enhanced nega-
tive affect in reaction to stress is not maladaptive as we in-
tuitively expected but rather can drive individuals to take 
action. This idea is also supported by our further explor-
atory finding that the negative affect at day N attenuated 
the relationship between stress levels at day N and stress 
levels at day N + 1.

Furthermore, we also identified that the neural signa-
tures (N2 and P3) of conflict adaptation predicted the as-
sociation between current-day stress and next-day stress. 
For individuals with larger adaptation effects in N2 and 
P3, their next-day stress was more independent of the 
current-day stress. According to the conflict monitoring 
theory, the N2 component is related to the conflict detec-
tion of the ACC (Botvinick et al., 2001, 2004; van Veen & 
Carter,  2002). The ACC evaluates the expected value of 
control (by integrating the information of payoff, invest-
ment, and cost) and then determines whether, where, and 
how to allocate cognitive control (Shenhav et al.,  2013). 
In the present study, the adaptation effect of the N2 after 

conflicts suggests increased recruitment of control after 
the detection of a conflict. In daily life, when individuals 
interact with various stressors, they need to integrate the 
contextual information and evaluate whether they would 
invest how much effort to change the internal and/or ex-
ternal states to achieve the adaptation. Our finding sug-
gests that those with better evaluation of the context are 
more likely to prevent from prolonging today's stress to the 
next day. This result extends the findings of previous daily 
stress reactivity studies (e.g., Compton et al., 2008, 2011; 
Stawski et al., 2010, 2019) as it further examined the sub-
sequent phase of stress reactivity. This aspect is clinically 
important because prolonged stress can cause structural 
changes in brain circuits and even severe physiological 
and mental problems (Dias-Ferreira et al., 2009; Hammen 
et al., 2009; Marin et al., 2011; Schneiderman et al., 2005).

In addition to the N2, we also examined the P3 compo-
nent during the conflict task. And the P3 showed a similar 
predicting pattern to the N2. As we discussed above, the N2 
is thought to reflect the evaluative process by ACC (Carter 
& van Veen, 2007; van Veen & Carter, 2002) and indexes 
the conflict detection as well as the signaling for the need 
to increase control (Clayson & Larson, 2011a). Different 
from the N2, the P3 is associated with the recruitment of 
control after the signal (Clayson & Larson,  2011a). This 
control recruitment is believed to solve the conflict by 
engaging the dorsolateral prefrontal cortex (dlPFC) area, 
which is signaled by the ACC (Carter & van Veen, 2007; 
van Veen & Carter,  2006). Therefore, the later control 
recruitment process could be based on the previous suc-
cessful evaluative process. This might explain the high 
correlation between the adaptation effects of N2 and P3 
in our study. Taken together, both evaluative and execu-
tive processes of cognitive control can be essential to the 
adaptation to stress.

In contrast to cognitive conflict adaptation, emotion 
regulation assessed in the laboratory did not predict 
daily stress reactivity in the present study. Three rea-
sons might explain an absence of a predictive effect of 
emotion regulation. Firstly, what this study measured 
was the response of the participants when they were 
asked to implement a specific emotion regulation strat-
egy, which to a certain extent reflects the effectiveness 
of the individual using that specific emotion regulation 
strategy. However, it cannot reflect an individual's hab-
its of using these strategies in real life. If the individual 
does not have the awareness and habit of using these 
strategies in their lives, then these emotion regulation 
strategies may not work. In contrast, the cognitive con-
trol paradigm measured a more general ability to pro-
cess conflicting information. In addition, the motives for 
regulating emotions are completely different between 
lab testing and real life. According to Tamir (2016), two 
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classes of motives are involved in emotion regulation. 
The hedonic motives focus on the immediate phenome-
nology of emotions, that is, to raise pleasure and reduce 
pain (Higgins,  2012), while the instrumental motives 
target further beneficial outcomes brought by emotions. 
In the lab, participants were instructed to use the speci-
fied strategy to achieve a neutral emotional state, so their 
goals were simply hedonic-based, that is, to reduce the 
negative feeling of emotion. In real life, however, their 
motives include also the instrumental aspect, such 
as to maintain a close relationship with others, to in-
fluence the impression of others on them, to perform 
better in a competition, or to achieve self-enhancement 
(Tamir, 2016). Therefore, the measurement of emotion 
regulation from the laboratory might lack the ecological 
validity to predict real-life regulation. Apart from that, 
we measured only two emotion regulation strategies in 
our lab, whereas people in real life may employ other 
emotion regulation approaches, such as mindfulness, 
problem solving, acceptance, positive thinking, dis-
traction, denial, avoidance, and rumination (Brockman 
et al., 2017; Silk et al., 2003). Future research could ex-
amine a broader range of emotion regulation strategies 
with more ecological measurements.

The present research has some limitations that need to 
be addressed. The results of our sample are based on the 
healthy college students and may not generalize to other 
age groups or populations that already suffers from some 
mental diseases. In addition, the emotion regulation 
measured in the laboratory contained only two strategies 
and did not predict daily stress reactivity. Future work 
may adopt more ecologically valid measures of emotion 
regulation. Another limitation is that we included only 
the self-report measures in daily life. Using the advanced 
and reliable mobile wearable devices, future research 
should also adopt the objective physiological measures, 
including but not limited to everyday heart rate, heart 
rate variability, and blood pressure.

In conclusion, our outcomes support that laboratory-
measured conflict adaptation variables are able to 
predict daily stress reactivities, whereas the laboratory-
measured emotion regulation variables were in absence 
of predictability. The present study has several strengths. 
Theoretically, the research questions addressed not only 
the immediate affective response phase but also the 
second-day stress change. Methodologically, the study 
investigated the links between the laboratory-measured 
behavioral/neural functions and the real-life stress reac-
tivities measured using an experience sampling method. 
For clinical implications, the findings suggest new pos-
sibilities for early screening of stress-vulnerable popula-
tions and provide new insights into the prevention and 
intervention of stress-related affective disorders.
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SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.
Table S1. Summary on conflict adaptation variables 
predicting negative affect.
Table S2. Summary on conflict adaptation variables 
predicting stress of next day.
Table S3. Summary on emotion regulation variables 
predicting negative affect.
Table S4. Summary on emotion regulation variables 
predicting stress of next day.
Table S5. Summary on negative affect moderating stress 
of next day.

How to cite this article: Lin, L., Schwabe, L., 
Wang, X., Zhan, L., & Zhang, L. (2023). Neural 
correlates of conflict adaptation predict daily stress 
reactivity. Psychophysiology, 00, e14279. https://doi.
org/10.1111/psyp.14279

 14698986, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyp.14279 by Institute O

f Psychology, W
iley O

nline L
ibrary on [05/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/psyp.14279
https://doi.org/10.1111/psyp.14279

	Neural correlates of conflict adaptation predict daily stress reactivity
	Abstract
	1|INTRODUCTION
	2|METHOD
	2.1|Participants
	2.2|Conflict task
	2.3|Emotion regulation task
	2.4|Electrophysiological recording
	2.5|Measurement of daily stress and affect
	2.5.1|Daily stress
	2.5.2|Daily negative affect

	2.6|Statistical analysis

	3|RESULTS
	3.1|Performance and neural signature of conflict adaptation
	3.1.1|Behavioral performance
	3.1.2|Neural signature

	3.2|Ratings and neural signature of the emotion regulation task
	3.2.1|Valence and arousal ratings
	3.2.2|Neural signature

	3.3|Daily stress and negative affect
	3.4|Predicting daily stress reactivity from conflict adaptation
	3.5|Predicting daily stress reactivity from emotion regulation
	3.6|Negative affect moderating stress of next day

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


