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1 | INTRODUCTION

Abstract

Motivation is considered a crucial factor in determining emotion regulation
choice (ER choice). Our previous study revealed that increased motivation led
to a preference for distraction over reappraisal due to the narrowed attention,
yet neural underpinnings supporting this phenomenon remain unclear. In this
study, we used event-related potentials (ERPs) to investigate whether motivation
influences ER choice by early attention processing (P2) or late resource engage-
ment (LPP). EEG activities were recorded for the pictorial contexts varying in
motivational intensity and direction, while participants (N=68) were required
to decide which strategy from the two options they would use to regulate their
emotions. Consistent with previous studies, the results indicated that individuals
chose more distraction over reappraisal in high-withdrawal motivated contexts
while a reversed pattern was observed in low-withdrawal motivated contexts.
Moreover, high-intensity motivated emotional contexts result in enhanced P2
and LPP. Further analysis indicates that only frontal P2 and the early LPP me-
diate the effect of motivational intensity on ER choice. These findings suggest
that heightened motivation leads to a preference for distraction over reappraisal
during emotion regulation due to the greater occupation of attentional resources.

KEYWORDS

distraction, emotion regulation choice, event-related potentials, motivational intensity,
reappraisal

(Sheppes, 2014). Considering that the adaptiveness of a

Emotion regulation choice (ER choice) refers to indi-
viduals' decisions on how to regulate their emotions
in a given context when multiple strategies are active

certain strategy is not inherent but depends on the context,
ER choice has been recognized as a crucial factor in mental
health (Aldao et al., 2010; Kuo et al., 2018). Distraction and
cognitive reappraisal are two common emotion regulation
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strategies that received extensive investigation (e.g., Shafir
et al., 2015; Sheppes & Meiran, 2007; Yang et al., 2021).
Recent theories suggest that distraction and reappraisal
occur at different stages of emotional processing, which
leads to their adaptability changing with emotional con-
texts. This is a crucial factor that influences an individ-
ual's ER choice (Sheppes et al., 2011; Thiruchselvam
et al., 2011). Namely, distraction involves replacing ex-
isting emotional information with independent neutral
information and blocks incoming emotional processing.
Thus, distraction occurs at the early stage of emotional
processing. By contrast, reappraisal happens at the late
stage, which involves developing neutral reinterpreta-
tions of emotional stimuli via semantic analysis (Moodie
et al., 2020; Sheppes et al., 2011). Although emotional in-
tensity has been identified as a robust determinant of ER
choice in the past decade (e.g., Moyal et al., 2023; Sheppes
et al., 2011), little is known about how the motivational
attributes of emotion impact individual's choices.

Motivation is considered an emotional dimension
independent of arousal and valence (Gable & Harmon-
Jones, 2010b; Harmon-Jones, 2019), impacting individuals'
information processing (Koch et al., 2008) and subsequent
behaviors (Livermore et al., 2021). According to the mo-
tivational dimension model of emotion, the intensity of
motivation refers to the strength of the urge to respond
to a stimulus, and the motivational direction stresses
whether this action is to approach or avoid the stimulus
(Gable & Harmon-Jones, 2010b). Our recent study (Yang
et al., 2021) revealed that increased motivation promotes
distraction over reappraisal during ER, irrespective of mo-
tivational direction (approach or avoidance). However, the
neural mechanism underlying this effect remains unclear,
necessitating further investigation.

Notably, motivational intensity plays a crucial role in
the processing of information at both early selective atten-
tion and late sustained elaboration (Dieterich et al., 2016;
Hammerschmidt et al., 2017). Event-related potential
(ERP) technology, with high temporal resolution, facili-
tates the examination of these effects. P2 is a positive de-
flection around 180 ms after stimulus onset (Kappenman
& Luck, 2011), indicating rapid attention capture by
emotional stimuli (Carretié et al., 2013; Schindler &
Bublatzky, 2020). Studies have shown that stimuli activat-
ing intense motives attract more selective attention during
early information processing, leading to enhanced anterior
and posterior P2 amplitudes (Bublatzky & Schupp, 2012;
Carretié et al., 2001; Schindler & Bublatzky, 2020). For
instance, increased avoidance motivation elicited by un-
certain cues heightens P2 amplitudes when individu-
als process subsequent images (Dieterich et al., 2016).
Similarly, greater P2 responses are elicited by rewarding
stimuli inducing high-approach motivation compared to

non-rewarding stimuli (Flores et al., 2015). More impor-
tantly, P2 is associated with affective evaluation (Kanske,
Plitschka, & Kotz, 2011; Kappenman & Luck, 2011). In
emotional contexts, such rapid appraisal of emotional in-
formation is crucial for determining how and whether one
should act or react.

Aside from the influence on early attention, high-
intensity motivated emotional stimuli also occupy more
cognitive resources at the late stage of information pro-
cessing (Gable & Adams, 2013). The late positive poten-
tial (LPP) is a centro-parietal slow wave starting around
300 ms after stimulus onset (Cuthbert et al., 2000; Schupp
et al., 2000), reflecting the interaction of bottom-up atten-
tion allocation and top-down sustained elaboration with
stronger top-down influence as stimulus processing pro-
gresses (Foti & Hajcak, 2008; Hajcak & Foti, 2020). LPP
is modulated by motivational demands of affective con-
tents (Schupp & Kirmse, 2021; Thom et al., 2014) and
nonaffective tasks (Gable & Adams, 2013; Matsuda &
Nittono, 2015), with greater positivity for motivationally
salient stimuli like emotional pictures or motivation-
related target. Moreover, the time course of the LPP has
been shown to offer critical insight into affective process-
ing, as it tracks an individual's sustained responsiveness to
emotional stimuli over time. For example, previous studies
(Weinberg & Hajcak, 2010) found that emotional stimuli
accompanied by intense approach motivation (e.g., erotic
stimuli) elicit greater early LPPs (400-1000 ms) compared
to affiliative and exciting stimuli, while such an effect did
not last in the later LPP (1000-1500ms). A recent study
also found that the LPP response failed to differentiate
between negative and neutral pictures by middle LPP
latency range (800-1000ms) following happy incidental
state priming (Hill et al., 2019). Together, these findings
consistently support that motivation operates at both the
early and late stages of emotional processing, as reflected
by the modulation of P2 and LPP, respectively.

Given that it is a complex process involving bottom-up
and top-down cognitive processing to decide on regula-
tory strategies (Hendricks & Buchanan, 2016; Kanske,
Plitschka, & Kotz, 2011), while distraction and reappraisal
act in different phases of emotion processing, we infer
that the motivational intensity might influence individ-
ual's strategy selection by impacting both P2 and LPP.
To test this assumption, the current study employed an
emotion regulation choice task (Milyavsky et al., 2019;
Sheppes et al., 2014), where participants select between
distraction and reappraisal to regulate emotions evoked
by images varying in motivational intensity and direction.
Previous studies show that the neural signals induced by
stimulus cues can effectively predict individuals' prefer-
ences in the following decision-making behavior (Barnett
& Cerf, 2017; Hakim et al., 2023). Therefore, the aim of
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this study was to examine the potential mediation of spe-
cific neural processes by which motivational intensity
affects ER choice. To this end, a mediation analysis was
conducted to investigate the underlying mechanisms of
such psychological processes. Specifically, we focus on P2
and LPP, indicative of early attention and late elaboration,
respectively. This analysis would help to provide a more
comprehensive understanding of how motivation impacts
emotion regulation choice.

Overall, we expected that the motivational intensity
activated by emotional stimuli would impact an individ-
ual's emotion regulation choice between distraction and
reappraisal. Consistent with previous findings (Yang
et al., 2021), participants would prefer distraction in high-
intensity motivated emotional contexts, and choose re-
appraisal more frequently when faced with low-intensity
motivated situations. Based on previous studies (Martin
et al., 2013; Shafir et al., 2016), we assume that the mo-
tivational intensity could modulate brain activity related
to early attention and late sustained elaboration, which
in turn predict individuals' subsequent strategy choices.
Particularly, the increased P2 and LPP evoked by high-
versus low-intensity motivated stimuli would be associ-
ated with distraction preference over reappraisal.

2 | METHODS

2.1 | Participants

Sixty-eight' undergraduate students (45 women;
M, e =20.34, SD=1.33) were recruited from the local uni-
versity through physical handouts within university
premises and posters on online platforms, such as QQ,
WeChat, and BaiduTieba. They were compensated with
90~100 yuan after completing the experiment. All the
participants were right-handed with normal or corrected
vision and reported no history of mental disorder or sub-
stance use (for details see Table 1). Data from 10 partici-
pants were excluded due to excessive electrophysiological
artifacts, resulting in behavioral data analysis for 68

!Sample size was determined with reference to the ERP studies on the
motivational dimension of affect and emotion regulation choice (e.g.,
Liu et al., 2014; Shafir et al., 2016). Using WebPower Online (Zhang &
Yuan, 2018; link: https://webpower.psychstat.org), we conducted a
priori power analysis to ensure sufficient sample size for detecting the
effect in a two-factor repeated measures ANOVA.

According to WebPower Online, a minimum sample size of 58
participants is required to detect a significant main effect of
motivational intensity with a partial n? of 0.16 (f=0.43), to achieve a
power of 0.8 (1-f) with the number of groups set 1, number of
measurements set 4. Thus, we reasoned that a sample of 68 would be
sufficient to examine our assumption.

participants and EEG data analysis for 58 participants. All
participants signed consent forms, in line with the ethical
principles issued by the ethics committee of human re-
search at Southwest University.

2.2 | Stimuli

One hundred sixty pictures® selected from the IAPS (Lang
et al., 2008), OASIS (Kurdi et al., 2017), and the internet
were used to induce different emotions varying in motiva-
tional intensity (high vs. low) and direction (approach vs.
avoidance). Another 20 university students (14 women;
M,ge=23.50, SD=1.54) who came from the same univer-
sity as the experiment sample and did not participate in
the formal experiment were recruited to rate arousal
(1=low, 9=high), valence (1=very unpleasant, 9=very
pleasant) and motivation (1=very eager to avoidance,
9=very eager to approach). Specifically, high-approach-
motivated  pictures (N=40, Myence=0.61+0.47,
M, ousal=7-12+0.25) and low-approach-motivated pic-
tures (N=40, Mgjence=6.57 £0.41, M, ousa1=7-06+£0.28)
were not significantly different in valence and arousal rat-
ings; the same pattern was also recorded in the withdrawal-
motivated emotional stimuli. In the motivational rating,
we subtracted 5 from the raw score to obtain a new score.
The sign of this new score represented the motivational
direction (plus: approach; minus: withdrawal), while the
absolute value reflected the intensity of motivation, with a
larger score indicating a stronger motive to either ap-
proach or avoid the stimulus. Significant differences in
motivational intensity and direction were observed among
the four picture categories, as detailed in Table 2.

2.3 | Procedure

Emotion regulation choice task (Sheppes, 2020) was con-
ducted in this study to test participants’ preference for
strategies in different motivational contexts. Before the for-
mal experiment, participants learned the instructions and
practiced how to implement distraction and reappraisal.
Distraction instruction mainly entails the disengagement
from emotional stimuli by generating unrelated, neutral
thoughts. Reappraisal instruction involves engaging atten-
tion to the current context and reinterpreting it in a non-
emotional or constructive way (Shafir et al., 2015; Yang
et al., 2021). Participants then completed an eight-trial
practice, consisting of four distraction and four reappraisal

“Selected picture numbers from IAPS and OASIS were presented in the
supplementary materials. All the stimulus pictures and their subjective
ratings can be found in the OFS.
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TABLE 1 Demographic and psychological characteristics of the subjects and their correlations.
M (SD) Min Max 3 4 5 6

1. Age 20.07 (2.59) 18 24

2. Sex(male/female) 23/45

3. Depression® 6.99 (7.51) 0 28 -

4. Trait anxiety” 41.07 (9.64) 21 62 0.75%%% -

5. State anxiety® 39.14 (9.40) 21 61 0.66%%* 0.87#%% -

6. Reappraisal® 31.15 (4.17) 20 40 —0.322%* —0.39** —0.43%* -

7. Suppression® 15.69 (4.05) 6 23 0.10 0.19 0.20 0.11

Abbreviation: SD, standard deviation.
**p <.01. ***p <.001.

*Depression was measured by Beck Depression Inventory-II(BDI-II, Beck, 1996), and the individuals with a total score over 28 are regarded severe depression.

PTrait and state anxiety were measured by the State-Trait Anxiety Inventory (STAL Spielberger et al., 1983).

“The habitual use of reappraisal and suppression was assessed by the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003).

TABLE 2 Valence, arousal, and motivation of selected emotional stimuli M (SD).

Valence Arousal Motivation
Direction Approach Withdrawal ¢ Approach  Withdrawal ¢ Approach  Withdrawal ¢
High 6.61(.47)  2.69(.43) 32,924 7.12(.25) 7.28 (.45) —3.36™  2.05(.41) —2.56 (.41) — 5,83
Low 6.57(42)  2.75(27) 48.73%  7.06(.28) 7.18 (.35) —3.40*  1.39(.10) —1.26 (.15) 3.36%*
t 33 -1.99 1.00 1.57 29.82%** 50.43%*

**p<.01. ***p <.001.

FIGURE 1 The schematic illustration of emotion regulation choice task.

trials across different motivational conditions. The order of
strategy presentation was randomized. To ensure compre-
hension of the instructions, participants verbally reported
how they implemented distraction and reappraisal, with
corrections provided by the experimenter if necessary.
Following the practice session, the formal experiment
including 160 trials started. The experimental protocol for
each trial is illustrated in Figure 1. Each trial began with
the presentation of a fixation for 500 ms, followed by a
black blank screen with 300-600 ms. Subsequently, an emo-
tional image was presented for 1500 ms. Participants were
then instructed to freely select either the “Distraction”
or “Reappraisal” by pressing the corresponding buttons
(“F” or “J”). If no response occurred within 5s, the next
trial commenced. The assignment of strategies to buttons
was counterbalanced. Participants were then required to
regulate their emotions using the chosen strategy with
the picture presentation for 5000 ms. Finally, they rated
the extent to which they utilized the selected strategy for

emotion regulation on a 1 (not at all) to 7 (very much)
scale. A 30-s rest was allotted between every 20 trials. To
confirm the emotional attributes of the used pictures and
minimize the influence of emotion regulation on the rat-
ings, participants rated the valence, arousal, and motiva-
tion of all images 1 week after the experiment.

As in the previous study (Yang et al., 2021), we calcu-
late the percentage of the trials in which the reappraisal
strategy was chosen (POR) in each condition and partici-
pant, indexing the emotion regulation preference for reap-
praisal. A higher percentage indicates a greater tendency
to choose reappraisal, while a lower percentage indicates
a stronger preference for distraction.

2.4 | EEG recording and analysis

Continuous EEG recordings were performed by a
64-electrode head cap (Brain Products) according to the
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standard international 10-20 system (sampling rate:
1000 Hz; band-pass: 0.01-100Hz, notch filter: 50 Hz).
The ground electrode was positioned on the media fron-
tal line between Fz and FPz. FCz was selected as the
online reference. All the electrode impedance was kept
below 5kQ.

Offline EEG pre-processing was conducted with
MATLAB (vision2019b) and EEGLAB toolbox v2021.0.
Firstly, the continuous EEG was filtered offline using a
basic FIR filter with a 0.1-40 Hz band-pass implemented
in EEGLAB and was downsampled at 500 Hz. Nonbrain
electrodes were removed and artifactual channels were
rejected using the clean_raw data plugin in EEGLAB (1
participant was excluded due to more than 50% bad chan-
nels). The EEG data was then re-referenced to the average
activity of bilateral mastoids (TP9, TP10). Subsequently,
the continuous data was segmented into epochs for the en-
tire duration (1500 ms) of the picture's initial presentation
with a baseline correction of 300 ms pre-picture period.
Through the reject_data_epochs function, epochs with
amplitudes exceeding +85puV were rejected, resulting in
154 + 7 epochs per subject (for further details see Table S1;
8 subjects were excluded due to the presence of fewer
than 75% valid epochs, while one subject was excluded
due to the presence of fewer than 50% valid epochs in low-
intensity withdrawal conditions; Luck, 2014). Eye blinks,
and horizontal and vertical saccadic eye movements were
removed from the segmented waveforms using the inde-
pendent component analysis (ICA) by the runica plugin
(“binica” function) in EEGLAB. Eye-movement-related
ICA components were marked by visual inspection and
removed from the data. Finally, the EEG epochs were
averaged for the four different emotional conditions
separately.

In previous studies, the P2 component has been ob-
served to occur approximately 200 ms after the presenta-
tion of a stimulus at both the frontal and posterior areas
(Kanske, Heissler, et al., 2011; Yuan et al., 2007). The
LPP effect has been found to be the most pronounced in
the parietal-occipital region (Hajcak & Dennis, 2009; Liu
et al., 2012). Thus, based on these studies and the topo-
graphic characteristics observed in the present experi-
ment, the P2 component was scored as the mean activity
in 170-220 ms after the onset of stimuli at the midline
sites from the frontal to parietal regions (Fz, Cz, Pz), re-
spectively. The LPP was calculated as the mean activity
in 300-1500 ms across parietal-occipital sites (Pz, P1, P2,
POz, PO3, PO4). Previous studies suggested that differ-
ent time windows of LPP may capture distinct phases of
emotion responding, reflecting variations in how emo-
tions are processed over time (e.g., Huang et al., 2023;
Schindler & Straube, 2020; Weinberg & Hajcak, 2011).

To more precisely investigate the impact of emotional
information processing on strategy selection in this
study, we averaged the waveforms across high- and
low-withdrawal-motivated emotional conditions (Luck
& Gaspelin, 2017). Based on this analysis, as well as
visual inspection of the data, we divided the LPP into
three distinct subcomponents: an early stage (300-
500 ms), a middle stage (500-1000ms), and a late stage
(1000-1500 ms).

Furthermore, for all ERP components utilized in sta-
tistical comparisons, we reported the standardized mea-
surement error (SME, Luck et al., 2021) as a data quality
measure (see Table S1).

2.5 | Statistical analysis

Behavioral and ERP data was statistically analyzed by the
IBM SPSS Statistics software version 21.0 (IBM, New York,
NY, USA). Descriptive data was presented as mean +SD.
Repeated-measure analysis of variance (ANOVA) was
performed on POR, P2, and LPP amplitudes to examine
the effect of motivational intensity and direction. The
Greenhouse-Geisser correction was applied when the
assumption of sphericity was violated. Post hoc multiple
comparisons were conducted using the Bonferroni-Holm
test when significant main or interaction effects were
observed. The significance level was at .05 and partial n-
square was also reported as a measure of effect size for the
ANOVA results.

To further test the relationships between behavioral
data and ERP indicators in this within-subject experi-
ment, we used the method proposed by Nunez Castellar
et al. (2010), which was developed and verified in our re-
cent study (Yang et al., 2021). Specifically, we calculated
the POR and ERP indicators for each participant in each
condition, respectively. Thus, we have four values of POR,
and four values of each ERP indicator for each participant,
which enables us to obtain a regression coefficient per
participant (4, f,, ..., f)- This process was performed on
MATLAB and based on the fitfm plugins. Finally, we could
test whether the beta coefficients of all participants were
significantly different from zero for overall participants.

2.6 | Transparency and openness

We report how we determined our sample size, data ex-
clusions, manipulations, and measures in the study. All
data, analysis code, and research materials are available at
https://osf.io/y6qnh/. This study's design and its analysis
were not pre-registered.
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3 | RESULTS

3.1 | Manipulated test

The post-experiment emotion ratings validated the suc-
cessful manipulation of approach versus withdrawal
motivation as well as high versus low motivation (see
Figure 2a). Additionally, the arousal ratings for all emo-
tional picture types significantly exceeded 5 (the midpoint
of the scale, ps<.01). Moreover, the valence ratings for
high- and low-withdrawal motivational stimuli were both
significantly below 5 (ps<.01), whereas the ratings for
both types of approach motivational stimuli surpassed 5
(ps<.01), thereby confirming that the pictures used in this
study were emotionally evocative.

3.2 | Behavioral results

A two-factor repeated measures ANOVA on POR revealed
a significant main effect of motivational intensity, F (1,67)
=25.19, p < .001, npz =.27, and an interaction between
motivational intensity and direction, F (1, 67)=11.08,
p=.001, np2= .14. Overall, participants demonstrated a
greater tendency to select reappraisal as the regulatory
strategy in low-intensity motivated contexts (0.63 +0.20)
than in high-intensity motivated contexts (0.55+0.18;
d=0.08, p<.001, 95% CI [0.05, 0.11]). Specifically, there
was a higher proportion of reappraisal in low-withdrawal
(0.65+0.23) than in high-withdrawal motivated con-
texts (0.52+0.24; d=0.13, p<.001, 95% CI [0.08, 0.19]),
whereas this difference was not significant between high-
versus low-approach motivated contexts (high-approach:
0.59+0.26; low-withdrawal: 0.61+0.23; d=0.02, p=.12,
95% CI [—0.01, 0.05]). However, there was no significant
effect of motivational direction, F (1,67) =0.12, p = .74,
np2= .02. For more details, please see Figure 2b.

3.3 | ERP results

331 | P2

Figure 3a presents the topographies of P2 in different
emotional contexts. The 2 (motivational intensity: high
vs. low)x2 (motivational direction: approach vs. with-
drawal) x 3 (location: Fz vs. Cz vs. Pz) repeated-measures
ANOVA demonstrated a significant three-way interaction
among motivational intensity, motivational direction and
location, F (1,57) =5.81, p=.01, npz =.09. Further analysis
revealed a significant interaction between motivational in-
tensity and direction at the Pz site, F (1, 57)=6.08, p=.02,
npz =.10. Specifically, stimuli with high-approach motiva-
tion elicited larger P2 amplitudes (3.89 +£0.53uV) com-
pared to low-approach motivated stimuli (2.41+0.60uV,
d=1.49, p<.001, 95% [0.93, 2.05]). However, no signifi-
cant differences were observed between high- and low-
withdrawal motivated stimuli at Pz (high-withdrawal:
2.15+0.60pV, low-withdrawal: 1.77+0.61pV; d=0.38,
p=.34,95% [—0.41, 1.17]).

In contrast, the interaction between motivational inten-
sity and direction was not significant at the Cz and Fz sites
[Fz: F (1,57)=0.32, p=.57, ,°<.01; Cz: F (1,57)=0.31,
p=.58, r]p2< .01] while the main effects of intensity and
direction were significant at Fz [Intensity: F (1,57) =22.08,
p<.001, ’7p2= .28; Direction: F (1,57) =54.81, p<.001,
n,’=.49] and Cz [Intensity: F (1,57)=31.77, p<.001,
n,’ =.36; Direction: F (1,57)=49.35, p<.001, n,°=.46].
Namely, high-intensity motivated stimuli evoked greater
P2 than low-intensity motivated stimuli, and enhanced
P2 was observed at approach-motivated conditions com-
pared to withdrawal-motivated conditions at these two
electrodes. Besides, there is a significant main effect of lo-
cation [F (1,57) =154.51, p < .001, npzz .73], suggesting P2
amplitude was largest at Pz while the smallest at Fz. More
details are shown in Figure 3b-d.

FIGURE 2 (a)Participants' motivational ratings for the emotional images; (b) the emotion regulation choice in different emotional

contexts. ***p < .001, n.s. = no significance.
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FIGURE 3 The P2.(a) the topographies of P2 (averaged across a time window of 170- 220 ms) in different emotional conditions; (b)-(d)
the waveforms and amplitudes at Fz, Cz, and Pz sites, respectively. **p<0.01, ***p<0.001, n.s.=no significance.

3.3.2 | LPP(300-1500ms)

Figure 4a and b present the grand average ERP wave-
forms at the parietal-occipital electrode sites and the

topographies at three different time windows. The
three-way repeated-measures ANOVA with motiva-
tional intensity, direction, and time window (early,
middle, and late) as independent variables indicated
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FIGURE 4 The late positive potential (LPP). (a) the waveforms (averaged across electrodes Pz, P1, P2, POz, PO3, and PO4) of LPP;
(b) topographies of LPP in three time windows; (c) the amplitudes of the LPP evoked by emotional stimuli varying motivational intensity
and direction in three time windows. *p < .05, ***p < .001, n.s.=no significance.
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significant main effects of intensity [F (1,57) =30.03,
p<.001, ’7p2= .35] and direction [F (1,57)=5.17, p=.03,
’Ip2= .08]. The high-intensity motivated stimuli elicited
significantly greater LPPs (4.13+0.45uV) than low-
intensity motivated stimuli (2.64+0.50pV, d=1.49,
p<.001, 95% CI [0.95, 2.04]); and larger LPPs were ob-
served in withdrawal-motivated emotional conditions
(3.63+£0.481V) compared to approach-motivated emo-
tional conditions (3.11+0.44pV, d=0.54, p=.03, 95%
CI[0.07,1.02]). The main effect of the time window was
significant, F (1, 57)=150.59, p <.001, n,”=.73, with the
LPP gradually attenuating over time. For more details,
please see Figure 4c.

Furthermore, the interaction between motivational
intensity and direction was significant, F (1, 57)=7.52,
p<.01, np2= .12. High-withdrawal motivated stimuli
evoked greater LPP (4.71 +0.52 pV) than high-approach
motivated stimuli (3.56+0.44uV, d=1.15, p<.01, 95%
CI [0.48, 1.82]), but this effect disappeared between
low-withdrawal (2.61 +0.63) versus low-approach mo-
tivated stimuli (2.67 +£0.52pV, d=-.06, p=.31, 95% CI
[—0.69, 0.57]).

We also found a significant interaction between
motivational intensity and time window, F (1,
57)=4.66, p=.02, ’7p2= .08. High-intensity motivated
stimuli elicited a more pronounced LPP than low-
intensity motivated stimuli across three time windows
(ps<.001). The difference was largest in the middle
phase (500-1000ms) and smallest in the early phase
(300-500 ms).

Finally, a significant interaction between direction
and time window was observed, F (1, 57)=16.56, p <.001,
r]p2= .23. Specifically, greater LPPs were recorded in
withdrawal-motivated emotional conditions compared to
approach-motivated conditions in the early (withdrawal:
7.37+0.67 pV; approach: 6.27 +0.62pV; d=1.11, p<.001,
95% CI [0.58, 1.66]) and middle phases (withdrawal:
2.47 +£0.48 nV; approach: 1.83+0.43uV; d=0.64, p=.02,
95% CI [0.13, 1.15]). However, this difference was not
significant in the late phase (withdrawal: 1.13+0.43 1V;
approach: 1.24+0.42pV; d=-0.29, p=-.71, 95% CI
[—0.68, 0.47]).

TABLE 3 The mean regression
.. 4 ERP components
coefficients for the ERP indicators on the

P2-Fz
P2-Cz
P2-Pz
LPP-Early
LPP-Middle
LPP-Late

choice of reappraisal.

3.4 | ERPs mediate the
effect of motivational intensity on emotion
regulation choice

To further explore how the processing of stimuli impacts
individuals' emotion regulation, we examined the role
of P2 and LPPs in the effect of motivational intensity on
strategy selection by mediation analyses, respectively.

Following the principles of mediation analysis (Baron
& Kenny, 1986; Wen & Ye, 2014), we examined the medi-
ation effect step by step, with ERP components serving as
mediators respectively. As mentioned before, we can cal-
culate the standardized regression coefficients from each
ERP indicator to the reappraisal choice (POR) with inten-
sity and direction as control variables for each participant,
and all coefficients were then entered into a one-sample
group mean test (compared to zero), treating subjects as a
random effect.

For P2, the average of the regression coefficients
was significant at the Fz site and presented negativ-
ity (Bp, ,=—0.20+0.56, t (57)=-2.80, p<.01, 95% CI
[—0.35, —0.06]), whereas it was not significant at the Cz
and Pz sites (ps >.20, shown in Table 3). For LPPs, the av-
erage coefficient of the early LPP, rather than that of the
middle or late LPPs, was negative and significantly dif-
ferent from zero (Bypp.gay=—0.11£0.40, t (57)=—2.20,
p=.03,95% CI [—0.22, —0.01]). All these results indicated
that the enhanced frontal P2 and early LPP were associ-
ated with the reduced proportion of reappraisal.

Given the significant influence of motivational inten-
sity on the information processing (frontal P2 and early-
LPP) and emotion regulation choice, we tested whether
the relationship between motivational intensity and ER
choice would alter with frontal P2 and early-LPP as co-
variables, respectively. The statistical results showed that
the effect of motivational intensity disappeared after con-
trolling the contribution of neurophysiological activities,
Bontrol(Lpp-Early) = —0.14£0.89, ¢ (57)=—1.17, p=.25, 95%
CI [—0.37, 0.10]; Beoniroipa_py=0.01£1.26, ¢ (57)=0.07,
p=.95,95% C1[—0.32,0.34] (see Figure 5). According to the
conditions of the mediation effect (Baron & Kenny, 1986;
Wen & Ye, 2014), mediating variables should significantly

B (SD) t p 95% CI

—0.20 (0.56) 278 <.01 [—0.35, —0.06]
0.19 (1.25) 1.15 26 [—0.14, 0.52]
0.20 (1.15) 1.30 20 [—0.11, 0.50]
—0.11 (0.40) —2.20 03 [—0.22, —0.01]
—0.09 (0.64) ~1.08 28 [—0.26, 0.08]
—0.04 (0.34) —0.88 38 [—0.13,0.05]
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FIGURE 5 The relationship between motivational intensity
and emotion regulation choice was mediated by frontal P2 and
early LPP.

predict the dependent variable after controlling for the
contribution of the independent variable. Our results in-
dicate that P2 and early-LPP mediated the influence of
motivational intensity on emotion regulation preference.

4 | DISCUSSION

Motivation, as a core attribute of emotion, is proven to
shape individuals’ emotional regulatory choices, yet its
neural mechanisms remain unclear. This study exam-
ines how the different aspects of motivation influence
rapid emotion processing, and in turn, determine the
choice of emotion regulatory strategies by EEG approach.
Replicating previous findings, increased motivational
intensity was associated with a greater likelihood of em-
ploying distraction over reappraisal. This was neurophysi-
ologically indexed by a frontal P2 and an early LPP at the
posterior-occipital region that serves as brain mediators in
the relationship between motivational intensity and ER
choice. These findings suggest that the selection of emo-
tion regulatory strategies may occur in the early stage of
emotional information processing, where individuals' re-
sponses are mainly influenced by the inherent properties
of emotional stimuli rather than the advanced semantic
appraisal.

In this study, our key findings indicate that emotion
with high-intensity motivation led to greater frontal P2
and early LPP, encouraging a preference for distraction
over reappraisal in the subsequent ER choice; in con-
trast, smaller P2 and early LPP elicited by low-intensity
motivated stimuli are associated with a greater ten-
dency to use reappraisal. One possible explanation is
the theory that individuals have a limited capacity for
attention and mental effort (Desimone & Duncan, 1995;
Kahneman, 1973). Such a limitation imposes permanent
processing constraints resulting in a constant competi-
tion between emotion generation and emotion regu-
lation processes (Sheppes, 2014). The P2 is associated
with the rapid detection of emotional stimuli (Carretié
et al., 2013; Kanske, Plitschka, & Kotz, 2011) and reflects

the allocation of attentional resources at the initial stage
of emotional processing (Carretié¢ et al., 2001; Wang
et al., 2019). The early LPP is considered an indicator
of motivated attention (Ferrari et al., 2008; Hajcak &
Dennis, 2009). Thus, larger frontal P2 and early LPP
triggered by high-intensity motivational stimuli suggest
that they can recruit more visual-processing resources
and motivated attention, diminishing resources avail-
able for the subsequent emotion regulation processes.
Considering that implementing reappraisal requires
more cognitive resources and effort than distraction
(Shafir et al., 2015), individuals tend to opt for distrac-
tion with their attention heavily occupied by intense
emotions.

Moreover, previous studies have linked larger P2 and
early-LPP to the enhanced loss minimization and gain
maximization (Martin et al., 2013). In the emotion regu-
lation choice task, individuals were required to select be-
tween two competing strategies, investing efforts into the
implementation of the selected strategy whose effective-
ness is yet uncertain. Effort investment typically evokes
aversive responses akin to losses in decision-making tasks
(Kool & Botvinick, 2018; Wu et al., 2023); while the out-
come of strategy execution in emotion regulation could be
regarded as the gains (Hu & Gasper, 2023). The height-
ened frontal P2 and early LPP elicited by high-intensity
motivated stimuli suggest amplified sensitivity to loss
and gain, leading individuals to choose the option that
promises maximum gain with minimal effort. Consistent
with this requirement, individuals prefer distraction over
reappraisal in high-intensity motivated emotional con-
texts, as distraction requires less effort and effectively
regulates intense emotions (Shafir et al., 2015; Sheppes &
Meiran, 2008).

Notably, although the largest P2 is recorded in the
posterior area (Pz site), only the frontal P2 amplitudes
elicited by emotional stimuli are associated with the sub-
sequent emotion regulation choices. In previous studies,
amplified P2 responses were mostly captured in attended
task-relevant stimuli and emotional stimuli (Kanske,
Heissler, et al., 2011). Specifically, studies involving
general attention-related tasks like the character search-
ing task (Freunberger et al., 2007; Hickey et al., 2006),
and visuospatial task (Babiloni et al., 2006; Potts, 2004),
demonstrated the modulation of P2 in both anterior and
posterior brain areas. By contrast, the impact of emo-
tion on P2 predominantly manifests in anterior brain
regions (e.g., Junhong et al., 2013; Yuan et al., 2007).
For instance, negative scenes (Carretié et al., 2006; Yuan
et al., 2007) and faces (Carretié et al., 2013; Schindler &
Bublatzky, 2020) elicited enhanced frontal P2 compared
to positive images. A review of 55 experiments on auto-
matic attention to emotional stimuli by Carretié (2014),
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indicates that while both the anterior and posterior re-
gions contribute to P2 generation, the former exhibits
greater sensitivity to the emotional attributes of stimuli.
In line with these findings, our study found that frontal
P2 rather than posterior P2 elicited by emotional images,
correlates with the subsequent choice of emotion reg-
ulatory strategies, highlighting the distinctive involve-
ment of the frontal cortex in the initial stages of emotion
processing.

Furthermore, we found that only the early LPP
demonstrated a significant association with individ-
uals' choice of emotion regulatory strategies between
distraction and reappraisal; interestingly, neither the
middle nor late LPP exhibited such a relationship. This
replicates previous research linking increased LPP to
a preference for distraction over reappraisal (Shafir
et al., 2016), and further emphasizes the temporal dy-
namics of emotional modulation in the LPP (Hajcak
et al., 2009; Paul et al., 2016). The early LPP is often seen
as the manifestation of motivated attention to emotional
stimuli (Hajcak et al., 2007), sharing similarities in tim-
ing and topography to the target-elicited P300 commonly
observed in oddball tasks (e.g., Smith et al., 1990; Yuan
et al., 2012). According to the context updating model
(Donchin & Coles, 1988; Fields, 2023), P3 is associated
with utilizing stimulus information to enhance later pro-
cessing and response. Specifically, it involves construct-
ing adaptive models of the context that help individuals
take strategic actions to pursue their goals (Donchin &
Coles, 1988). Aligning with this model, our findings sug-
gest that increased early LPP elicited by high-intensity
motivated stimuli correlates with a greater likelihood of
using distraction, which may be more adaptive than re-
appraisal to regulate intense emotions (Aldao & Nolen-
Hoeksema, 2012; Shafir et al., 2015). On the other hand,
the middle LPP (500-1000 ms) is considered to involve
the semantic processing of emotional stimuli (Olofsson
et al., 2008). Also, the late LPP (starting at 1000 ms)
might reflect automatic emotional regulation processes
(Harrison & Chassy, 2017; Zhang et al., 2023). As these
later LPPs may be influenced by factors beyond the emo-
tional attributes of stimuli, such as individual beliefs in
emotional controllability (Huang et al., 2023), they are
potentially less indicative of an individual's subsequent
choice of emotion regulation strategies.

Inconsistent with the negativity bias of emotional
processing (Carretié et al., 2001), this study found that
positive approach-motivated emotional stimuli elicited en-
hanced P2 amplitudes compared to negative withdrawal-
motivated emotional stimuli. This may be due to our
experiment manipulation. In our experiment, partici-
pants were instructed to regulate their emotions to a state
of calmness after initial exposure to emotional images,

regardless of whether those emotions were positive
approach-motivated or negative, withdrawal-motivated.
Therefore, in approach-motivated conditions, participants
had to down-regulate their positive approach-motivated
emotions, against their intrinsic need to enjoy pleasure;
in contrast, the down-regulation of negative withdrawal-
motivated emotion matches internal needs. Previous re-
search indicates that stimulus processing in the brain
around 200 ms post-stimulus represents early automatic,
involuntary processing (Cul et al., 2007). In this regard,
the observed attention bias for emotional stimuli as well as
differential attention allocation for stimuli varying in mo-
tivation, probably occurred involuntarily at this stage. As a
result, potential involuntary reconciliation between the in-
nate need of experiencing positively approach-motivated
emotion and the overt requirement of emotion downregu-
lation may have engaged more attention resources, leading
to a larger P2 than in withdrawal-motivated conditions.
With the involvement of consciousness, attention was pri-
marily guided by top-down mechanisms, and stimuli as-
sociated with high-withdrawal motivation triggered more
significant parietal-occipital LPPs than high-approach
motivated stimuli, contrary to the pattern observed in the
P2 stage.

Finally, the behavioral results indicated that in-
creased motivation was associated with more preference
for distraction over reappraisal in negative withdrawal-
motivated conditions, replicating our previous find-
ings (Yang et al., 2021), while this effect disappeared
in positive approach-motivated conditions. Affective
states high in withdrawal motivation, such as disgust
and fear, are closely associated with individual survival
(Gable & Harmon-Jones, 2010a; Larson & Steuer, 2009).
Employing distraction in such cases can effectively reg-
ulate intense emotional responses without altering the
salience of the stimuli, enabling individuals to remain
vigilant in similar conditions and thus enhance survival
(Hermann et al., 2017; Paul et al., 2016). In contrast, af-
fective states characterized by low withdrawal motiva-
tion, are often induced by social contexts (e.g., sadness
and frustration; Gable & Harmon-Jones, 2010a), and
thus benefit cognitive reappraisal. Reappraisal in such
contexts allows individuals to redirect aversive feel-
ings positively, promoting resilience and social adap-
tion (Elliot, 2006; Mauersberger et al., 2018). Besides,
given that the approach-motivated emotional situa-
tions are mostly positive and enjoyable (Harmon-Jones
et al., 2011), participants’ inclination to down-reappraise
them is kept at a medium level, whether the stimulus is
high or low in motivational intensity.

In summary, this study contributes to the current un-
derstanding of how the motivational intensity of emotional
events influences emotion regulation choice between
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distraction and reappraisal by elucidating the neurophysi-
ological activities of the brain. The frontal P2 and the early
LPP elicited by high-intensity motivated stimuli are both
associated with more frequent choices of distraction over
reappraisal, possibly due to these two components being
more sensitive to motivational attributes and involving
automatic attentional processing, respectively. Moreover,
these two components act as mediators in the relation-
ships between motivational intensity and emotion reg-
ulation choices, stressing the function of early selective
attention and motivated attention in emotional processing
and decision-making. These findings should be consid-
ered the effects of motivational intensity, as the arousal
was controlled across different intensity conditions.

Several limitations need to be acknowledged. First, our
study employed a forced-choice paradigm, where partic-
ipants had to select between distraction and reappraisal.
Although this task has proven to be valid in detecting indi-
viduals' strategy choices in laboratory contexts, it may not
fully reflect individuals' typical emotional responses in
daily life, where multiple strategies are available and the
different strategic choices are interdependent. Second, our
focus lies on the selection of regulatory strategy in emo-
tional contexts with varying motivations, leaving the sub-
sequent implementation of the chosen strategy and the
monitoring stage unexplored. Recent conceptual models
propose that emotion regulation is composed of several in-
teractive stages, including identification, selection, imple-
mentation, and monitoring (Gross, 2015; Sheppes, 2020).
Specifically, apart from strategy selection, the regulatory
monitoring involves whether to sustain, adjust, or cease
the actively implemented strategy. It also plays a crucial
role in maximizing adaptive outcomes. For instance, pre-
vious studies have indicated that individuals are more in-
clined to switch strategies after employing reappraisal to
regulate intense emotions (Dorman Ilan et al., 2019; Toh
& Yang, 2024). Therefore, future research could delve into
the monitoring and adjustment during emotion regula-
tion, shedding light on the flexibility and adaptability of
these regulatory mechanisms.
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