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Abstract

Implicit emotion regulation is the process by which individuals change their
emotions without conscious supervision or explicit intention to regulate emo-
tions. Compared with explicit emotion regulation, implicit emotion regulation
relies less on the prefrontal executive control system. Building upon the existing
dichotomous classification of implicit emotion regulation, this paper proposes a
new tripartite theoretical framework that categorizes implicit emotion regulation
into three types: automatic, task-incidental, and implicit-goal-driven. Among
them, automatic implicit regulation, exemplified by fear extinction, relies on
the ventromedial prefrontal cortex to directly modulate the amygdala; task-
incidental regulation occurs in tasks such as affect labeling and emotional Stroop,
where the lateral prefrontal cortex incidentally regulates emotions through the
cognitive control system during task execution; implicit-goal-driven regulation,
through priming or implicit training, activates the pursuit of implicit emotion
regulation goals, which can achieve automatic regulation via the ventromedial
prefrontal cortex, and under certain conditions, recruit the cognitive control
functions of the lateral prefrontal cortex to achieve controlled emotion regula-
tion. Neuromodulation studies have confirmed that the ventromedial prefrontal
cortex is a key causal brain region for implicit emotion regulation, and its func-
tional enhancement holds promise for improving implicit emotion regulation
abilities in patients with depression and anxiety. The tripartite theoretical
framework proposed in this paper highlights the diverse mechanisms of implicit
emotion regulation, expands the dynamic understanding of emotion regulation
theory, and also provides a promising new avenue for clinical intervention in
patients with emotional disorders.
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Full Text

Preamble

Implicit emotion regulation refers to the process by which individuals modify
their emotions without conscious monitoring or explicit intention to regulate.
Compared to explicit emotion regulation, implicit emotion regulation relies less
heavily on the prefrontal executive control system. Building upon existing
dual-classification frameworks, this paper proposes a novel tripartite theoret-
ical framework that categorizes implicit emotion regulation into three types:
automatic, task-incidental, and implicit goal-driven regulation. Automatic im-
plicit regulation, exemplified by fear extinction, depends on the ventromedial
prefrontal cortex (VMPFC) directly modulating the amygdala. Task-incidental
regulation occurs during tasks such as affect labeling and emotional Stroop,
where lateral prefrontal regions incidentally regulate emotions through cognitive
control systems during task execution. Implicit goal-driven regulation activates
implicit emotion regulation goal pursuit through priming or implicit training,
which can either utilize VMPFC for automatic regulation or recruit lateral pre-
frontal cognitive control functions under certain conditions to achieve controlled
emotion regulation. Neuromodulation studies have confirmed that VMPFC is
a critical causal brain region for implicit emotion regulation, and enhancing its
function holds promise for improving implicit emotion regulation capacity in pa-
tients with depression and anxiety. The tripartite framework proposed herein
highlights the diverse mechanisms underlying implicit emotion regulation, ex-
pands the dynamic understanding of emotion regulation theory, and provides
promising new avenues for clinical intervention in mood disorders.

Emotion regulation refers to the process by which individuals influence which
emotions they have, when they have them, and how they experience and ex-
press these emotions (Gross, 2015). Successful emotion regulation forms the
foundation for maintaining mental and physical health as well as fostering pos-
itive interpersonal relationships (Aldao et al., 2010; Gross & John, 2003). In
clinical practice, persistent negative emotional distress coupled with ineffective
emotion regulation is considered a primary characteristic of patients with mood
disorders such as depression and anxiety (Joormann & Stanton, 2016; Liu &
Thompson, 2017). Most previous research has focused on explicit emotion reg-
ulation (Gao et al., 2022; Konrad et al., 2025; Lincoln et al., 2022)—emotion
regulation processes driven by explicit goals to change emotions. In daily life,
emotions persist and fluctuate continuously, yet both initiating and maintaining
emotion regulation consciously rely on top-down cognitive control mechanisms
that consume substantial cognitive resources (Ferri et al., 2016; Li et al., 2025;
Li et al., 2023, 2024; Pruessner et al., 2020; Tang et al., 2025), leading to fa-
tigue. In fact, most emotional changes occur not through subjective will and
effort but through more adaptive means, which is where implicit emotion regu-
lation plays a crucial role. Unlike explicit emotion regulation, implicit emotion
regulation encompasses a broad category of emotion change methods that oc-
cur without explicit regulation goals, operating imperceptibly with concealed
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execution processes and unclear cognitive-neural mechanisms.

Numerous studies have confirmed that implicit emotion regulation effectively
modulates negative emotional experiences and related physiological and behav-
ioral responses, playing an important role in clinical interventions for mood dis-
orders (see meta-analysis Dalton et al., 2025). Compared to explicit, effortful
emotion regulation that requires conscious monitoring and consumes cognitive
resources, implicit emotion regulation avoids adverse effects from conscious su-
pervision and cognitive resource depletion, thus offering advantages in certain
contexts. For example, implicit cognitive reappraisal proves more effective in
individuals unaccustomed to cognitive reappraisal (Gao et al., 2024; Williams
et al., 2009). When individuals experience anger that conflicts with the goal of
down-regulating emotion, implicit emotion regulation can avoid conflict between
regulation goals and subjective will, facilitating easier execution and achieving
anger reduction (Mauss et al., 2007b). In complex tasks such as risk decision-
making and mathematical learning, emotion regulation requiring cognitive su-
pervision can impair task performance and produce inappropriate behavioral
consequences, whereas implicit emotion regulation effectively modulates emo-
tions with minimal impact on ongoing tasks (Yang et al., 2015; Yuan et al., 2019;
Zhu et al., 2022). When regulating high-intensity negative emotions, implicit
emotion regulation more effectively down-regulates subjective negative emotion
reports and related EEG indices compared to explicit emotion regulation (Y.
Zhang et al., 2023). For patients with psychiatric disorders such as depression
and anxiety, impaired cognitive control resources limit the implementation of
explicit emotion regulation, particularly cognitive reappraisal, yet implicit emo-
tion regulation functions remain largely intact (Dalton et al., 2025; Li et al.,
2023; Yuan et al., 2022; EZ&% 2021; k3, =BHE, 2024). For instance, implic-
itly primed cognitive reappraisal strategies can help depressed patients reduce
late positive potential (LPP) components related to negative emotions (Yuan et
al., 2022) and can make anxiety patients’ emotion ratings more positive (Gao
et al., 2024).

In summary, investigating the cognitive and neural mechanisms of implicit emo-
tion regulation can deepen emotion regulation theory and provide guidance for
treating clinical mood disorders. This paper first proposes a tripartite classifi-
cation of implicit emotion regulation, then uses this framework to review brain
imaging and neuromodulation findings on implicit emotion regulation, and fi-
nally discusses the clinical application prospects for treating mood disorders.

2 A Tripartite Classification of Implicit Emotion Regulation

From a cognitive mechanism perspective, implicit emotion regulation involves
multiple unconscious cognitive processes, including both fully automatic and
top-down cognitive control-dependent regulation methods. Gyurak et al. (2011)
proposed the “dual-process framework,” which first divided emotion regulation
into two categories (explicit and implicit), suggesting that implicit emotion reg-
ulation is automatically initiated by emotional stimuli without conscious moni-
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toring and with unconscious execution—emphasizing its automatic nature com-
pared to explicit emotion regulation. Braunstein et al. (2017) added an “emotion
regulation goal” dimension to this framework, proposing a “multi-level frame-
work” that views emotion regulation as a process of achieving emotion regulation
goals. Thus, the “explicit” versus “implicit” nature of regulation goals and the
“controlled” versus “automatic” nature of regulation execution constitute two or-
thogonal dimensions, with the primary distinction between implicit and explicit
emotion regulation being the absence of explicit regulation goals in the former.
Additional literature has discussed related classification frameworks (Koole et
al., 2011, 2015; Mauss et al., 2007a). The multi-level framework first subdivided
implicit emotion regulation into “implicit automatic”’and “implicit controlled”sub-
types. Implicit automatic emotion regulation involves no active control, with
emotional change occurring alongside emotional learning/value updating pro-
cesses, with fear extinction being a classic example. Implicit controlled emotion
regulation requires active control participation, with emotional Stroop being
a classic example—the task itself does not require emotion regulation, but be-
cause emotionally salient materials are used, task execution incidentally changes
emotions.

Although the multi-level framework (Braunstein et al., 2017) deepens our un-
derstanding of emotion regulation, particularly implicit emotion regulation, its
classification of emotion regulation is static and lacks consideration of dynamic
changes. In reality, both goal and process dimensions exhibit dynamic varia-
tion. In the goal dimension, regulation goals can shift from explicit to implicit
through priming. In the process dimension, the degree of cognitive control in-
volvement changes dynamically with situational shifts and individuals’ active
adjustments. For example, implementation intentions—where individuals pre-
plan “when” and “how” to achieve an emotion regulation goal, forming an
“if-then” execution pattern that automatically executes when conditions are met
(Gallo et al., 2007, 2009; Webb et al., 2012)—represent a transition from con-
trolled to automatic processes. Additionally, changes in external feedback or
contextual cues can cause certain habitually executed automatic processes to
shift toward controlled processes (Hikosaka & Isoda, 2010).

Therefore, we argue it is necessary to separately classify implicit emotion regu-
lation with dynamic execution process characteristics based on the multi-level
framework’ s dual classification. We term this “implicit goal-driven emotion
regulation,” with the most typical example being implicit goal pursuit, which
often implicitly induces emotion regulation goals through priming to achieve
unconscious emotion regulation.

As shown in Figure 1 [Figure 1: see original paper|B, this paper classifies implicit
emotion regulation based on the degree of controlled processing into: automatic
implicit emotion regulation (primarily automatic), task-incidental implicit emo-
tion regulation (primarily controlled), and implicit goal-driven emotion regula-
tion (dynamically variable).

Figure 1 Classification of implicit emotion regulation. A: Adapted from the
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multi-level framework of emotion regulation proposed by Gross, a leading scholar
in the field, which divides implicit emotion regulation into “implicit automatic
emotion regulation” and “implicit controlled emotion regulation” (Braunstein et
al., 2017). B: The tripartite framework proposed in this paper, including “auto-
matic implicit emotion regulation,” “task-incidental implicit emotion regulation,”
and “implicit goal-driven emotion regulation.”

3 Brain Imaging Findings on Implicit Emotion Regulation

Multiple neural models of emotion regulation (Dixon et al., 2017; Etkin et al.,
2015; Ochsner et al., 2012; Phillips et al., 2008; Rive et al., 2013; Silvers &
Guassi Moreira, 2019; Smith & Lane, 2015) propose that emotion regulation is
achieved by modulating emotion-generating brain regions (such as the amygdala)
via regulatory brain regions. Regulatory brain regions comprise cognitive control
brain regions and automatic regulation brain regions. Cognitive control brain
regions include the supplementary motor area, pre-supplementary motor area,
and frontoparietal control network, which includes the dorsolateral prefrontal
cortex (DLPFC), ventrolateral prefrontal cortex (VLPFC), and parietal cortex.
Automatic regulation brain regions include the ventral anterior cingulate cortex,
ventromedial prefrontal cortex (VMPFC), hippocampus, and parahippocampal
gyrus. Different implicit emotion regulation processes show varying dependence
on cognitive control (Braunstein et al., 2017), suggesting diverse regulatory
mechanisms and neural pathways. This section explores the cognitive and neural
mechanisms of different implicit emotion regulation types in conjunction with
brain imaging research.

3.1 Automatic Implicit Emotion Regulation

Automatic implicit emotion regulation does not depend on explicit regulation
intention initiation or active processing; emotional change typically occurs dur-
ing experiential learning and value updating (Braunstein et al., 2017; Etkin et
al., 2015). Its characteristics and advantages lie in acting upon emotional pro-
cesses without consuming cognitive resources, without requiring attentional or
prefrontal cognitive control resources, thereby reducing potential conflicts with
objective situations or subjective will, making emotion regulation occur more
“naturally” with high adaptability, stability, and lasting regulatory effects. The
drawback is the lack of conscious monitoring, making external manipulation
difficult; when such regulation malfunctions, identification and intervention be-
come challenging.

The most typical example is fear extinction, which refers to the gradual weaken-
ing or elimination of conditioned fear responses through repeated presentation
of a conditioned stimulus (CS) without accompanying unconditioned stimuli
(US) such as electric shocks or noise (Dunsmoor et al., 2015; Maren & Holmes,
2016; Zabik et al., 2023). During this process, individuals do not consciously
manipulate their emotions, yet their emotional responses to the conditioned
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stimulus change (Velasco et al., 2019). The cognitive mechanism involves re-
peated exposure to previously fear-inducing cues in safe environments without
harm, causing the initially learned “fear” association to gradually weaken and be
replaced by new safety memories, resulting in significantly reduced emotional
responses when encountering the same cues later. Fear extinction exhibits typ-
ical inhibitory learning characteristics. Rather than directly erasing original
memory traces, extinction is thought to form a new memory that competes
with the initial fear memory, with individuals learning that cues previously pre-
dicting threat no longer accompany danger in the current context. Thus, the
post-extinction CS- “safety” association coexists with the original CS-US fear
association and suppresses fear response expression under appropriate condi-
tions (Kalisch et al., 2006). This inhibitory process operates at an implicit level
without conscious participation.

Besides fear extinction, reinforcer revaluation also constitutes automatic implicit
emotion regulation. This process indirectly changes emotional responses by al-
tering the value of outcomes associated with stimuli. Common experimental
paradigms include reinforcer devaluation and reinforcer inflation. In devalua-
tion experiments, individuals first establish stimulus-outcome associations (e.g.,
CS-food), then reduce the affective value of the outcome (e.g., inducing satiety
or aversion) to weaken responses to the original stimulus. In inflation paradigms,
outcome salience is increased (e.g., stronger shocks, larger rewards) to enhance
emotional responses. Although individuals do not actively regulate emotions,
their responses to stimuli change due to outcome value updating (Bouton, 2024;
Morrison & Salzman, 2010). Therefore, fear extinction and reinforcer revalua-
tion represent two examples of automatic implicit emotion regulation, respec-
tively exemplifying “deconditioning” of negative emotional responses and “recod-
ing” of emotional value. This regulatory mechanism of habituation/adaptation
to emotional stimuli through repeated exposure exists across species, is highly
adaptive, and forms the core principle of clinical interventions such as exposure
therapy (Herrmann et al., 2017).

Brain imaging research reveals that automatic implicit emotion regulation in-
volves coordinated activity across multiple key brain regions, including the amyg-
dala, hippocampus, and VMPFC. First, the amygdala plays a critical role in
storing emotional representations and expressing emotions, such as storing CS-
US associations during initial fear and reinforcer evaluation and driving physio-
logical responses through downstream projections to the brainstem (Braunstein
et al., 2017). During fear extinction, the amygdala also participates in learning
new safety associations (Li et al., 2011). VMPFC regulates amygdala activity
and updates stimulus emotional value (Motzkin et al., 2015; Roy et al., 2012).
Numerous studies have found VMPFC activity increases during fear extinction
(Cremers et al., 2021; Wik et al., 1997; Gottfried and Dolan, 2004; Phelps et
al., 2004). For example, VMPFC plays an important role in consolidating and
retrieving extinction memories, promoting retrieval of extinction (i.e., safety)
memories when individuals re-encounter previous threat cues, thereby inhibit-
ing amygdala fear responses and reducing fear experience, with VMPFC activa-
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tion levels negatively correlating with amygdala response strength (Bukalo et
al., 2015; Sotres-Bayon & Quirk, 2010). Unlike the amygdala, the hippocam-
pus primarily provides context-related information to modulate emotional re-
sponses. During fear extinction, it encodes the environmental context where
extinction occurs, making retrieval of safety memories context-dependent (Lons-
dorf et al., 2014; Goode & Maren, 2019; Brown et al., 2025). When individuals
are in the same context as extinction learning, hippocampal activation facili-
tates VMPFC recruitment of safety memory networks, successfully suppressing
amygdala-initiated fear responses; but if the context changes, hippocampal en-
coding of the original context no longer matches, extinction memory retrieval is
blocked, and amygdala expression of fear memory dominates again, causing fear
response recovery (Kalisch et al., 2006). Empirical studies support this inter-
active model among brain regions: during extinction recall tests, VMPFC and
hippocampus typically show positively correlated synchronous activation, with
higher network activation levels predicting better fear inhibition effects. Con-
versely, fear recovery is observed with enhanced amygdala and hippocampus
activity accompanied by decreased VMPFC activity (Zabik et al., 2023).

In summary, automatic implicit emotion regulation is a process that sponta-
neously changes emotional responses through repeated environmental exposure
without conscious intervention or cognitive control resource investment. During
this process, individuals do not actively regulate emotions, yet their emotional
responses are effectively suppressed and maintained long-term, highlighting this
regulation form’ s advantages in adaptability, stability, and energy efficiency.
From an evolutionary perspective, this mechanism represents the emotion sys-
tem’ s experience-driven fine-tuning capacity at the unconscious level. There-
fore, automatic implicit emotion regulation is not only a low-cost regulation
method but may also represent the fundamental form of the emotion system’ s
endogenous regulatory capacity, holding theoretical value for understanding the
evolutionary basis of emotion regulation and designing clinical interventions.

3.2 Task-Incidental Implicit Emotion Regulation

In contrast to automatic regulation, task-incidental implicit emotion regulation
depends on cognitive control, where emotion regulation implementation does not
stem from specific regulation goals but rather incidentally produces emotional
response changes through activation of top-down cognitive control during execu-
tion of other tasks (such as cognitive inhibition, conflict monitoring, or judgment
operations). This “incidental emotion regulation” process is not primarily aimed
at regulating emotions; instead, emotion regulation emerges as a byproduct of
task execution, showing clear task-dependency and function-oriented character-
istics (Lieberman et al., 2007).

Typical task-incidental implicit emotion regulation appears in affect labeling,
emotional Stroop, and emotional Go/No-go tasks. In these paradigms, indi-
viduals’ goals and tasks are not to actively regulate emotions but to complete
cognitive tasks such as rapid responding, semantic judgment, or inhibiting irrel-
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evant stimuli. For example, affect labeling tasks require participants to select a
more appropriate word from two options to label the content of currently pre-
sented negative pictures—essentially putting a label on their current emotional
experience. In these paradigms, emotional reactions carried by or accompanying
the task are irrelevant to task goals but can interfere with task performance (e.g.,
disrupting semantic processing or inhibitory control). The top-down prefrontal
cognitive control system activated by the task then incidentally regulates these
interfering emotions. This regulation neither stems from conscious regulation in-
tention nor directly aims to change emotions but rather, while ensuring smooth
task completion, automatically suppresses or screens out interfering emotional
information, achieving an adaptive process of resource optimization. From an
adaptability perspective, when emotional stimuli interfere with cognitive tasks,
the regulatory process is passively activated as an implicit resource management
strategy, enabling rapid filtering and functional suppression of emotional input.
Its essence lies in maintaining cognitive system stability and efficiency rather
than directly changing emotional states.

Brain imaging studies have found that in paradigms such as emotional Stroop
and emotional Go/No-go, individuals must focus on the task itself (e.g., ignor-
ing emotional words while naming facial expressions or making button responses
when seeing fearful faces). Although task goals do not involve emotion regula-
tion intention, task execution activates cognitive control-related brain regions
such as DLPFC and VLPFC, which incidentally regulate emotional response
brain regions while completing cognitive tasks (Ochsner & Gross, 2005). Addi-
tionally, similar implicit emotion regulation effects appear in semantic judgment
paradigms. For example, affect labeling tasks require individuals to select ap-
propriate semantic labels (e.g., “fear”) when viewing emotional faces. Although
the task does not involve explicit emotion regulation goals, the label selection
process itself activates cognitive control brain regions such as VLPFC, effec-
tively inhibiting emotional responses, reducing amygdala activity, and decreas-
ing subjective negative emotional experiences (Burklund et al., 2015; Cohen
& Lieberman, 2010; Kerns et al., 2004; Payer et al., 2012; Townsend et al.,
2013). Therefore, lateral prefrontal regions play an important role in this type
of implicit emotion regulation.

In summary, when cognitive tasks contain emotion-interfering information irrel-
evant to task goals, the prefrontal cognitive control network activated by the
task itself incidentally regulates emotional responses. This process both ensures
smooth task completion and effectively changes emotional responses by inhibit-
ing activity in emotion-generating brain regions such as the amygdala. This
implicit regulatory mechanism emphasizes the resource optimization and func-
tional suppression characteristics exhibited by the emotion system when serving
higher-order cognitive goals.
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3.3 Implicit Goal-Driven Emotion Regulation

Unlike the clearly automatic or controlled emotion regulation described above,
implicit goal-driven emotion regulation demonstrates the potential for dynamic
switching between reliance on cognitive control and automatic execution. The
primary cognitive mechanism involved is the implementation of implicit goals.
When emotion regulation goals are implicitly implanted or activated, they can
unconsciously influence subsequent processing of emotional stimuli, promoting
emotional responses to shift in a goal-consistent direction—a phenomenon known
as implicit goal pursuit. In the goal dimension, implicit goal-driven emotion
regulation differs from explicit controlled emotion regulation in that regulation
goals shift from explicit to implicit (Gyurak et al., 2011; Mauss et al., 2007b). In
the process dimension, the initiation and execution of goal-driven implicit emo-
tion regulation do not depend on immediate conscious decision-making or con-
tinuous cognitive resource allocation, thus generating less cognitive load, while
remaining manipulable through control of contextual factors, distinguishing it
from fully automatic processes (Braunstein et al., 2017).

The most common method of implicit goal-driven regulation is priming to ac-
tivate emotion regulation goals and induce implicit goal pursuit. For example,
through sentence unscrambling tasks or word matching tasks that require partic-
ipants to rearrange scrambled words into coherent sentences or select synonyms
from two alternatives, individuals passively encounter and process regulation-
related semantic cues (e.g., “stay calm” or “face positively” ) without explicit
regulation intention, automatically activating corresponding regulation goals
that induce subsequent emotion regulation. Additionally, implicit goal-driven
emotion regulation can exert effects early in emotion generation. For instance,
briefly priming regulation-related cues before emotional stimulus presentation
produces altered neural responses during early emotion processing stages, such
as significantly enhanced N170 component amplitude related to facial emotion
processing (Liu et al., 2018) or reduced P1 component amplitude related to early
attention (FAI#%, 2023). These findings indicate that implicit goal priming ini-
tiates regulatory processes before emotional responses are fully formed.

Implicit goal-driven emotion regulation can adjust emotional responses in a
low cognitive load manner according to primed regulation goals, even without
explicit intention. Series of brain imaging studies show this process involves
both broad inhibition of emotion-processing brain regions and selective activa-
tion of regulation-related brain regions. For example, Zhang et al. (2020) used
an emotion regulation semantic priming paradigm to examine socially acquired
fear, finding that under implicit regulation conditions, activation in emotion-
processing brain regions such as the amygdala significantly decreased, while
executive control brain regions such as DLPFC and dorsal anterior cingulate
cortex showed no significant activation enhancement, indicating that implicit
regulation at this time does not require high cognitive-cost executive control.
Furthermore, Xie et al. (2019) used a subliminal presentation paradigm of emo-
tion regulation words, finding that even with implicit priming conditions of only
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33 or 50 ms, emotion suppression words could reduce individuals’ emotional re-
sponses to negative stimuli, with DLPFC and VLPFC activation significantly
lower than in explicit regulation conditions, suggesting that implicit regulation
can achieve effective modulation without substantially consuming cognitive re-
sources. Wyczesany et al. (2021) found that when individuals unconsciously
induced self-control or reappraisal goals, activation in emotion-processing brain
regions such as visual cortex and amygdala triggered by negative emotional
stimuli significantly decreased, indicating effective emotional response inhibi-
tion, while activity in cognitive control regions such as DLPFC increased, sug-
gesting that implicit goals can also achieve emotion down-regulation through
cognitive control pathways. Similarly, Wang et al. (2017) used a pre-description
paradigm where a sentence reinterpreting negative picture content from a posi-
tive perspective was presented before each negative picture, implicitly inducing
cognitive reappraisal of upcoming negative information without explicit regula-
tion instructions. Results similarly found that compared to negative description
conditions, implicit emotion regulation conditions activated regulatory brain re-
gions such as DLPFC, accompanied by weakened amygdala activation and en-
hanced negative functional connectivity between prefrontal and limbic systems,
confirming that implicit goals can also mobilize top-down regulatory pathways
for emotion regulation. Likewise, Zhang et al. (2021) used forward and back-
ward masking to present emotion regulation goal words for only 20 ms, finding
DLPFC activation enhancement positively correlated with regulation effects.
Moreover, after acute exercise enhanced DLPFC activation, repeating the above
task further increased DLPFC activation. This phenomenon reflects that im-
plicit regulatory mechanisms can flexibly adjust regulatory strategies according
to dynamic changes in external environment and cognitive resources, achieving
optimal emotion regulation effects at minimal cost across different contexts.

We propose that implicit goal-driven emotion regulation represents an emotion
regulation mode that lies between the classic “cognitive control” and “auto-
matic response” dichotomy (Braunstein et al., 2017). This mechanism reflects
an adaptive balance optimization achieved by the emotion regulation system
during evolution—under resource-limited environmental conditions, it can both
maintain flexible responses to emotional stimuli and avoid high costs from con-
tinuous cognitive resource occupation, while showing high sensitivity to external
contextual and internal resource state changes. This dynamic operating mode
that combines “purposefulness” with “adaptability” not only expands our tra-
ditional understanding of emotion regulation theory but also reveals the core
evolutionary advantage of the human emotion system in adapting to stressful
environments and rapidly and effectively managing emotional responses in com-
plex ecological contexts.

This section systematically reviews the cognitive and neural mechanisms of im-
plicit emotion regulation, identifying key brain regions and neural pathways
involved in automatic, task-incidental, and goal-driven implicit regulation. At
the extreme, automatic implicit emotion regulation directly modulates the amyg-
dala via VMPFC with almost no reliance on lateral prefrontal cognitive control
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functions, whereas task-incidental emotion regulation is directly regulated by
lateral prefrontal regions (Etkin et al., 2015). Between these two types, im-
plicit goal-driven emotion regulation may involve both regulatory mechanisms
and may possess coordination or switching mechanisms yet to be discovered. A
recent explicit emotion regulation study showed that controlled emotion regu-
lation first activates DLPFC and VLPFC, which then recruit VMPFC, which
subsequently modulates amygdala and other emotion brain region activity (He
et al., 2023). Therefore, we propose that VMPFC may be a key brain region for
implicit emotion regulation, participating in the three types of implicit emotion
regulation and explicit emotion regulation through different cognitive processes
and neural pathways. In addition to the brain imaging evidence mentioned in
this section, neuromodulation evidence also supports our view.

4 Neuromodulation Findings on Implicit Emotion Regula-
tion

While brain imaging research has elucidated activity patterns in brain networks
accompanying implicit emotion regulation, how can we reveal which brain re-
gions play causal roles in implicit emotion regulation? How can we effectively
utilize these mechanisms clinically, for example, by modulating relevant brain
region activity to improve patients’ emotional symptoms? These are urgent
questions requiring exploration.

4.1 Causal Brain Regions for Implicit Emotion Regulation

In the domain of automatic implicit emotion regulation, studies have used non-
invasive neuromodulation techniques such as transcranial magnetic stimulation
(TMS) and transcranial direct current stimulation (tDCS) to examine VMPFC’
s core role in automatic implicit emotion regulation. For example, researchers
combined fMRI and tDCS, finding that after VMPFC activation, the tDCS
group showed significantly lower negative emotion intensity when viewing neg-
ative videos compared to the tDCS control group (Abend et al., 2019). Simi-
larly, another study using the ultimatum game to induce anger found that after
VMPFC activation, participants showed significantly reduced activity in emo-
tional experience brain regions such as the anterior insula, increased acceptance
rates of unfair proposals, and decreased subjective anger and aggressive behav-
ior (Gilam et al., 2018). Moreover, anodal tDCS or high-frequency repetitive
TMS activating VMPFC can significantly facilitate fear extinction (Lei et al.,
2024; Markovi¢ et al., 2021). For instance, Van’ t Wout et al. (2016, 2017) and
Vicario et al. (2020) used anodal tDCS to activate VMPFC, observing enhanced
fear extinction in both healthy participants and PTSD patients. Herrmann et
al. (2017) applied high-frequency repetitive TMS (10 Hz) to VMPFC to activate
this region, then used virtual reality exposure therapy to treat acrophobia. Re-
sults showed that compared to the TMS control group, the TMS group demon-
strated significantly improved exposure therapy effects. Rodent studies similarly
indicate that activating the functional homolog of VMPFC (infralimbic cortex)
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facilitates fear extinction (Markovié et al., 2021). Beyond targeting VMPFC
directly as an implicit emotion regulation target, some studies have attempted
to modulate lateral cortical regions functionally connected to VMPFC, thereby
producing connection-based indirect modulation effects on VMPFC to regulate
emotional responses in the amygdala and other regions. For example, Raij et
al. (2018) used 300 ms online TMS (20 Hz) to activate a specific left frontal cor-
tex region during conditioned fear extinction that had been previously shown
to have significant functional connectivity with VMPFC, finding that the TMS
group showed enhanced fear extinction compared to the control group.

In the domain of task-incidental implicit emotion regulation, neuromodulation
studies have found that even without explicit emotion regulation goals, activa-
tion of cognitive control brain regions can causally improve emotion regulation
effects. For example, Cao et al. (2018) used continuous theta-burst stimulation
(cTBS) to activate participants’ right prefrontal cortex, finding that alpha power
in response to positive emotional faces significantly decreased during emotional
Go/No-go tasks. Since alpha frequency typically indicates cortical inhibition,
this result suggests enhanced positive emotion in participants. Bermpohl et
al. (2005, 2006) used low-frequency repetitive TMS to inhibit DLPFC, find-
ing this manipulation disrupted behavioral control performance in emotional
Go/No-go tasks, particularly when emotional information and task goals re-
quired rapid switching. Recently, Lapate et al. (2024) applied ¢TBS to lateral
prefrontal cortex to inhibit its cognitive control functions, finding that task-
incidental implicit emotion regulation effects weakened, with negative emotional
cues causing significantly greater interference in No-go tasks.

In the domain of implicit goal-driven emotion regulation, neuromodulation stud-
ies have examined both automatic emotion regulation brain regions and cogni-
tive control brain regions. 4% (2020) found that after inhibiting the left
orbitofrontal cortex via cathodal tDCS, the subsequent attentional avoidance
effect induced by visual masked priming (20 ms priming word presentation) in
a dot-probe task significantly weakened, indicating that orbitofrontal cortex has
a causal role in attention allocation during this process. Another study used
tDCS to activate VMPFC, finding that implicitly primed reappraisal effects
induced by sentence unscrambling tasks significantly improved, with negative
emotional responses markedly decreased (Ba#%, 2023; Gao et al., 2024). Sim-
ilarly, Q. Zhang et al. (2023) used tDCS to activate right DLPFC and VLPFC,
finding that implicit goal-driven emotion regulation induced by word matching
tasks significantly enhanced regulation of negative emotions (both subjective
ratings and electrophysiological indices).

Existing neuromodulation research indicates that VMPFC is at least a causal
brain region for two types of implicit emotion regulation: in automatic implicit
regulation, it can down-regulate amygdala emotional responses; in implicit goal-
driven regulation, enhanced VMPFC excitability can significantly improve im-
plicit reappraisal effects. Although no neuromodulation studies have directly
examined VMPFC’ s role in task-incidental implicit regulation, existing evi-
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dence shows that stimulating lateral prefrontal regions can indirectly modulate
VMPFC through functional connectivity (Lynch et al., 2022; Oathes et al., 2021;
Raij et al., 2018; Sydnor et al., 2022), and VMPFC also plays an important role
in explicit emotion regulation (which similarly heavily depends on cognitive con-
trol) (Diekhof et al., 2011). Therefore, future research should further investigate
VMPFC’ s role in controlled implicit emotion regulation.

4.2 Challenges Facing Neuromodulation Techniques

Although we have identified VMPFC’ s core role in implicit emotion regulation,
using VMPFC as a non-invasive brain stimulation treatment target presents cer-
tain anatomical and technical limitations. First, VMPFC’ s anatomical location
poses challenges for effective modulation (Lopez-Persem et al., 2019; Mackey
& Petrides, 2014). VMPFC is located deep within the brain. Due to cur-
rent attenuation by brain tissue, the modulatory effects of non-invasive brain
stimulation techniques on this region are generally weak (Drakaki et al., 2022;
Saturnino et al., 2021). Additionally, since applying non-invasive brain stim-
ulation inevitably involves (often stronger) electromagnetic stimulation to su-
perficial lateral brain regions, this creates issues with focality of brain region
targeting, reducing the strength of causal inferences about VMPFC from ex-
perimental findings. Multichannel direct current stimulation techniques and
temporal interference technology may be promising approaches. The former im-
proves stimulation focality while enhancing safety by shunting current intensity
across each electrode pair pathway. For example, the aforementioned Q. Zhang
et al. (2023) used multichannel tDCS technology to activate right DLPFC and
VLPFC regions, finding enhanced implicit goal-driven emotion regulation ef-
fects; similarly, Gao et al. (2024) used focality-optimized multichannel tDCS to
activate VMPFC in high trait anxiety individuals, improving implicit emotion
regulation effects. Moreover, Sergiou et al. (2022) used small ring electrodes
for high-precision tDCS activation of VMPFC, placing the anode on VMPFC
with five return electrodes arranged in a circle around it, finding this opera-
tion significantly reduced violent behavior in violent offenders with substance
dependence. No applications of temporal interference technology in emotion
regulation research have been identified to date.

Overall, neuromodulation techniques show considerable application prospects
in intervention research on implicit emotion regulation. However, existing neu-
romodulation techniques primarily target lateral prefrontal and other cortical
surface regions (Qiu et al., 2023). Future research should optimize stimulation
depth and targeting precision (in addition to electrical stimulation, ultrasound
stimulation is also an emerging effective technique) to further clarify the cogni-
tive and neural mechanisms of implicit emotion regulation and provide effective
treatment protocols for clinical practice.
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5 Implications of Implicit Emotion Regulation for Treating
Depression and Anxiety

Depression and anxiety, as the two most common mood disorders, are charac-
terized in part by abnormal emotion regulation (Gross & Jazaieri, 2014; Zilver-
stand et al., 2017). Depressed patients remain immersed in negative emotions
long-term, exhibiting anhedonia (Joormann & Stanton, 2016; Liu & Thompson,
2017); anxiety patients remain in a state of high negative emotional arousal long-
term, showing excessive sensitivity to stress (Elwood et al., 2012). Patients with
depression and anxiety have difficulty down-regulating negative emotional expe-
riences through explicit emotion regulation, particularly cognitive reappraisal
(Heller et al., 2009; Urry et al., 2009). The main reasons for these patients’
explicit emotion regulation difficulties lie in both impaired cognitive resources
and executive control functions and damaged emotion regulation neural circuits
with abnormal functional connectivity among emotion regulation brain regions

(Park et al., 2019).

We therefore propose that the three types of implicit emotion regulation identi-
fied in this paper may offer advantages for depression and anxiety populations.
First, automatic implicit regulation processes can reduce emotional responses
without conscious participation, which is highly beneficial for alleviating ex-
cessive fear and physiological hyperarousal in anxiety patients; similarly, such
automatic processes can relieve negative emotions in depressed patients with-
out occupying prefrontal cognitive resources. Second, task-incidental implicit
regulation occurs incidentally while individuals perform other cognitive tasks,
making it suitable for depressed individuals with limited cognitive resources and
insufficient regulation motivation. We can design appropriate task contexts to
indirectly activate emotion regulation networks, achieving emotional improve-
ment under unintentional conditions. Finally, we can unconsciously activate
positive emotion regulation goals (e.g., subtly priming “positive reappraisal” ),
enabling emotion regulation strategies that are difficult to execute actively to
operate implicitly.

5.1 Implications for Depression

Depressive symptoms (particularly persistent negative thinking) consume sub-
stantial cognitive resources, impairing patients’ executive functions, memory,
and attention (Joormann & Quinn, 2014; Quinn et al., 2018; Rock et al., 2014;
Snyder, 2013; Vilgis et al., 2015). Depressed patients show insufficient lateral
prefrontal activation and excessive amygdala activation during explicit down-
regulation of negative emotions (Joormann & Stanton, 2016; Liu & Thompson,
2017). Reduced lateral prefrontal activation indicates cognitive control deficits,
while amygdala hyperactivation reflects explicit emotion regulation failure (Zil-
verstand et al., 2017). Notably, one study simultaneously examined depressed
patients’ use of implicit and explicit emotion regulation to cope with frustra-
tion, finding that compared to healthy controls, patients’ ability to improve
negative emotions through explicit cognitive reappraisal (instructed to inter-
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pret current situations more positively) significantly decreased; however, when
implicit cognitive reappraisal was induced through word matching tasks, this
implicit goal-driven emotion regulation effect showed no significant difference
from healthy controls (Yuan et al., 2022). Therefore, implicit emotion regula-
tion offers new treatment avenues for depression: implicit emotion regulation
types that consume fewer cognitive control resources and depend less on cogni-
tive control functions (Mauss et al., 2007a; Yang et al., 2015; Yuan et al., 2019)
may play important roles in depressed patients with limited cognitive resources.

5.2 Implications for Anxiety

Chronic hypervigilance in anxious individuals leads to impaired top-down con-
trol capabilities and insufficient cognitive resources. Control deficits make it
difficult for patients to successfully implement explicit emotion regulation strate-
gies such as cognitive reappraisal that consume cognitive resources (Calhoon &
Tye, 2015; Ironside et al., 2019; Kenwood et al., 2022; Pruessner et al., 2020;
Troy et al., 2018). Meanwhile, anxiety disorder patients exhibit dual character-
istics of hyper-sensitive limbic systems related to emotional responses and weak-
ened prefrontal regulatory brain region functions (Brandl et al., 2022; Bréndle et
al., 2020; Calhoon & Tye, 2015; Hiser & Koenigs, 2018). High trait anxiety indi-
viduals show slow emotional state recovery when performing emotional Go/No-
go tasks, suggesting that anxiety may weaken cognitive control’ s inhibitory and
implicit regulation of emotions (Liu et al., 2018). Wang et al. (2021) found that
panic disorder patients, unlike healthy controls, could not effectively reduce sub-
jective negative emotions and amygdala activity when receiving positive sugges-
tions before viewing negative pictures (implanting implicit emotion regulation
goals). This failure of implicit emotion regulation positively correlated with
insufficient activation of DLPFC and VLPFC. Similarly, generalized anxiety
patients also showed reduced activation in orbitofrontal and other prefrontal re-
gions during implicit goal pursuit induced by the same paradigm (Wang et al.,
2024). These results suggest that anxiety disorders affect the normal function-
ing of executive control brain regions, making it difficult for patients to regulate
emotional responses even at the implicit level.

We argue that this evidence does not deny the value of implicit emotion reg-
ulation but rather emphasizes that anxiety disorder treatment should further
explore and refine strategies based on patients’ neural and functional impair-
ments. In most cases, implicit emotion regulation functions remain functional
in anxiety disorder patients. For example, through implicit exposure, gradually
allowing patients to unconsciously contact fear stimuli (e.g., presenting relevant
cues without triggering strong subjective fear) can reduce patients’ avoidance be-
haviors, achieving effects similar to desensitization exposure therapy (Oyarzin
et al., 2018). Similarly, the aforementioned Gao et al. (2024) study found that
in implicit cognitive reappraisal goal pursuit induced by sentence unscrambling
tasks, high trait anxiety individuals could effectively use this implicit emotion
regulation method to reduce negative emotions, with this process depending less
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on prefrontal cognitive control systems. Therefore, future research should fo-
cus on the specific mechanisms underlying impaired implicit emotion regulation
functions in different anxiety disorder patients and develop targeted intervention
strategies accordingly.

In summary, implicit emotion regulation shows tremendous potential in treat-
ing depression and anxiety and other resource-limited populations due to its low
cognitive resource dependence and high adaptability. On one hand, neuromod-
ulation techniques can directly target key brain regions for implicit regulation
(such as VMPFC) for targeted intervention, improving regulatory brain regions’
ability to modulate emotion-generating brain regions like the amygdala. On
the other hand, we can utilize implicit training paradigms to internalize emo-
tion regulation goals and strengthen patients’ implicit regulation skills (Hopp et
al., 2011; Y. Zhang et al., 2023). Tt is foreseeable that as exploration of implicit
emotion regulation mechanisms and clinical applications continues, intervention
strategies oriented toward implicit emotion regulation will provide novel ideas
and opportunities for clinical treatment of depression and anxiety.

6 Summary and Outlook

In summary, as an important form of emotion regulation, implicit emotion reg-
ulation exhibits diverse cognitive and neural mechanisms and holds potential
value for treating mood disorders such as depression and anxiety. Compared
to explicit emotion regulation with obvious regulation intentions and requiring
active effort, implicit emotion regulation demonstrates higher automaticity and
lower cognitive load. We propose that implicit emotion regulation represents
an adaptive optimization of the emotion system, reflecting a “natural and flu-
ent” emotion management capacity formed during human evolution. Even with-
out conscious intervention, emotional responses can be appropriately adjusted,
thereby avoiding the high energy consumption of continuous high-intensity cog-
nitive control and maintaining emotional stability and functional efficiency at
all times. The main theoretical contribution of this paper is the proposed tripar-
tite framework of implicit emotion regulation, which for the first time defines
the category of implicit goal-driven emotion regulation. This type of implicit
emotion regulation shows more flexible dependence on cognitive control, reflect-
ing the dynamic adjustment capacity of emotion regulation processes. It should
be noted that implicit emotion regulation also has limitations: due to its lack
of conscious participation, individuals have difficulty actively detecting and im-
mediately adjusting implicit processes. When implicit regulation mechanisms
themselves exhibit defects or biases (e.g., automatically negative biased think-
ing), correction and intervention become relatively difficult. Therefore, during
use or training, we should weigh the advantages and limitations of implicit
emotion regulation and view it as a beneficial supplement to explicit emotion
regulation, jointly helping us improve emotion regulation capacity and maintain
mental health.

Future research in implicit emotion regulation has several directions worth ex-
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ploring. First, at the theoretical level, we need to further reveal dynamic varia-
tion patterns in the two dimensions of regulation goals and execution processes.
For example, if we control one dimension while changing the other, how will
the cognitive and neural mechanisms of emotion regulation change? Can this
generate new clinical intervention methods? Do extreme types within the same
dimension exhibit competitive or synergistic relationships? How does switching
between different types within the same dimension occur, and can it be manip-
ulated? Do the same brain regions play identical roles across different emotion
regulation types? For instance, does lateral prefrontal cortex function identi-
cally in explicit controlled and task-incidental implicit emotion regulation?

Second, given that implicit emotion regulation processes are rapid and involve
multiple brain regions, employing multimodal brain imaging approaches will be
an important direction. For example, combining fMRI with simultaneous EEG
recording can obtain both high spatial and high temporal resolution data to
dynamically map the neural mechanisms of implicit regulation. Additionally,
neuromodulation techniques should be more integrated into research paradigms
to selectively alter specific brain region excitability (e.g., enhancing VMPFC or
inhibiting DLPFC activity) and observe effects on implicit regulation outcomes,
directly testing the causal roles of these regions in implicit emotion regulation.

Third, exploring the applicability of implicit emotion regulation from a develop-
mental perspective is needed. Existing research has focused primarily on healthy
adults, while characteristics of implicit emotion regulation in different popula-
tions and special groups remain unclear. Therefore, future research should ex-
amine implicit emotion regulation effects in broader populations. For example,
investigating implicit regulation’s role in adolescent emotional fluctuations to re-
veal how developing brains use implicit emotion regulation to improve emotions,
or exploring whether implicit emotion regulation can serve as a compensatory
emotion regulation method for cognitive aging, helping and guiding older adults
to maintain positive emotions.

Finally, developing simpler, more feasible emotion regulation treatment plans
tailored to clinical populations is essential. Future research could explore person-
alized neuromodulation treatment protocols, such as targeting and modulating
specific brain regions based on patients’brain imaging characteristics (e.g., imple-
menting personalized brain stimulation to enhance implicit emotion regulation
capacity in patients with low VMPFC function). Simultaneously, developing
specialized implicit emotion regulation training paradigms is a worthwhile di-
rection. How can certain emotion regulation strategies be efficiently internalized
into automatic responses through short-term practice? Additionally, clinical re-
search should examine broader populations beyond the depression and anxiety
mentioned in this review, including post-traumatic stress disorder, bipolar disor-
der, autism spectrum disorder, etc., to explore whether patients’implicit emotion
regulation functions exhibit special patterns or deficits and thereby contribute
to optimizing clinical treatment.
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The cognitive and neural mechanisms of implicit emotion regulation
Kexiang Gao 1, Yuyao Tang 1, Yueyao Zhang 1, Dandan Zhang 1

(1 Institute of Brain and Psychological Sciences, Sichuan Normal University,
Chengdu 610066, China)

Abstract: Implicit emotion regulation refers to the process of modifying emo-
tional responses without conscious monitoring or deliberate intention. Com-
pared to explicit emotion regulation, implicit emotion regulation shows less de-
pendence on the prefrontal executive control system. Building on existing dual-
classification frameworks, this paper proposes a novel tripartite classification of
implicit emotion regulation: automatic, task-incidental, and implicit goal-driven
regulation. Automatic implicit regulation, exemplified by fear extinction, relies
on the ventromedial prefrontal cortex (VMPC) directly modulating the amyg-
dala. Task-incidental regulation occurs during tasks such as affect labeling and
emotional Stroop, where lateral prefrontal regions incidentally regulate emotions
through cognitive control systems during task execution. Implicit goal-driven
regulation activates automatic emotion regulation goals through priming or im-
plicit training, which can either utilize VMFC for automatic regulation or recruit
lateral prefrontal cognitive control under certain conditions. Neuromodulation
studies confirm that VMFC is a crucial causal region for implicit emotion regu-
lation, and enhancing its function shows promise for improving implicit emotion
regulation capacity in depression and anxiety patients. The proposed tripartite
framework highlights the diverse mechanisms of implicit emotion regulation, ex-
tends the dynamic understanding of emotion regulation theory, and provides
promising new avenues for clinical interventions in mood disorders.

Key words: emotion regulation, implicit emotion regulation, depression, anxiety,
neuromodulation
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