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Abstract

Frontal alpha symmetry (FAA) is viewed as a neurophysiological marker of affective
processing, linked to motivational orientation and emotion regulation. This systematic review
synthesizes findings from 12 peer-reviewed studies (2014-2024) investigating whether FAA
reflects stable trait-like emotional tendencies, dynamic state-related regulation, or both.
Across diverse paradigms—including emotion induction, cognitive appraisal, mindfulness,
and stress tasks—FAA patterns consistently aligned with theoretical models such as
Davidson’s affective style framework and Coan’s capability model. Left-frontal activity was
associated with approach-oriented regulation, reappraisal success, and resilience, whereas
right-frontal activity was linked with withdrawal tendencies, suppression, and elevated stress
reactivity. Studies employing resting EEG supported FAA as a trait-like predictor of
emotional vulnerability or regulatory strength, while task-based designs revealed phasic
shifts in FAA reflecting real-time regulatory engagement. The review also examined causality,
identifying FAA as both antecedent and consequence of emotional processes, and highlighted
the need for standardized methodological practices. Societal and ethical considerations are
discussed, including potential applications in mental health, education, and performance
contexts, alongside concerns about privacy, equity, and neuroethical use of FAA data. Overall
findings support FAA as aa dual biomarker—tracking enduing affective style and moment-to-
moment emotional modulation—with implications for both affective neuroscience and

applied psychological practice.

Keywords: frontal alpha asymmetry, emotion regulation, EEG, trait-state, affective

neuroscience



Frontal Alpha Asymmetry in Emotion Regulation: A Systematic

Review of State and Trait Perspectives

Introduction

Frontal alpha asymmetry (FAA) refers to the difference in EEG alpha-band power (8-
12 Hz) between the left and right cortices. Lower alpha power corresponds to higher cortical
activity, so relative left frontal activity indicates greater left- than right-frontal activation. For
over three decades, FAA has been extensively studied as a neural marker of emotional

processes and psychopathology (Reznik & Allen, 2017).

Classic theories posit that FAA is linked to fundamental affective motivations. In
particular, the approach-withdrawal model proposes a lateralized emotion system: the left
frontal region is involved in approach-related emotions (e.g., joy, enthusiasm, and anger),
whereas the right frontal region is associated with withdrawal, inhibition, and negative

affective states (e.g., fear, sadness) (Fox, 1991; Davidson, 1992; Davidson, 1998).

Central to the understanding of FAA are core concepts such as emotions, affect, and
distinctions between trait and state emotional processes. Emotions represent complex
psychological states characterized by subjective experiences, physiological responses, and
expressive behaviors, influencing cognitive processes and actions (Gross, 2015; Sikka, 2020).
Affect broadly encompasses emotional states, including emotions and moods, varying in
intensity and duration (Sikka, 2020). The distinction between trait and state emotional
processes is crucial: trait emotions denote stable, enduring patterns of emotional reactions
reflecting consistent individual differences across context, while state emotions are transient
responses triggered by specific situations or stimuli, varying moment-to-moment (Spielberger,

1972; Watson & Clark, 1984).

Early valence formulations suggested a simpler view that positive emotions elevate left-
frontal activity and negative emotions elevate right-frontal activity (Fox, 1991; Davidson, 1992;

Russell, 1980). However, later work clarified that motivational direction (approach vs.



withdrawal) is the critical factor rather than valence alone (Reznik & Allen, 2017; Harmon-
Jones, Gable, & Peterson, 2010). For example, anger is negatively valanced yet approach-
oriented and elicits greater left-than-right frontal activity, which a pure valence model would

not predict (Harmon-Jones, Gable, & Peterson, 2010).

Thus, FAA is broadly interpreted as an index of approach motivation and positive
affective engagement on the left, versus withdrawal motivation and negative vigilance on the
right (Reznik & Allen, 2017). Davidson’s influential theory of affective style further suggest FAA
reflects stable individual tendencies in emotion generation and regulation (Davidson, 1998).
According to this view, an individual’s characteristic FAA pattern is a trait-like feature of their
emotion circuity that influences how they experience and respond to emotional events

(Davidson, 1998).

Measuring FAA: Neural Basis and Methodological Considerations

FAA is derived from EEG recordings, specifically assessing the alpha frequency band
(8-12 Hz). EEG electrodes placed over frontal cortical areas are used to record electrical
activity produced by neuronal populations. The calculation of FAA commonly involves
electrode pairs placed symmetrically over the left and right frontal cortices. Most frequently,
FAA research use electrodes such as F3 and F4, or alternatively F7 and F8, based on the
international 10-20 electrode placement system (Reznik & Allen, 2017). However, it is
essential to note that not all studies utilize identical electrode pairs, and differences exist
depending on specific study designs, equipment availability, or research objectives. These
variations have been highlighted as potential methodological concerns in the literature,
possibly affecting the robustness and replicability of findings across studies (Allen & Cohen,

2010; Reznik & Allen, 2017).

FAA is typically calculated by quantifying alpha-band power from the EEG signal
through methods such as the fast fourier transform. Alpha power represents the amount of
EEG activity within the alpha-frequency range and is calculated separately for the left and

right hemispheric electrodes. FAA itself is expressed as a difference score between log-



transformed alpha power of the right hemisphere minus log-transformed alpha power of the
left hemisphere (In(right alpha) — In(left alpha)). Because alpha power is inversely related to
cortical activity—meaning lower alpha power corresponds to higher cortical activation—FAA
indicates relative cortical activation asymmetry, where greater relative left-hemisphere
activity (less alpha) is associated with positive affect or approach motivation, and greater
relative right-hemisphere activity (less alpha) is linked to negative affect or withdrawal

motivation (Davidson, 1998; Harmon-Jones, Gable, & Peterson, 2010).

Notably, this inverse relationship arises because the alpha rhythm is primarily
thought to reflect cortical inactivity or inhibition. When neuronal networks become actively
engaged, alpha oscillations typically decrease, leading to reduced alpha power. Thus, alpha
power suppression is interpreted as a neural signature of increased cortical processing,
making FAA an indirect yet robust indicator of relative hemispheric engagement or inhibition

during emotional processes (Klimesch, 2012).

Despite its widespread use, FAA research has faced methodological criticisms
regarding consistency and replicability. Some researchers argue that differences in electrode
selections, reference electrodes, alpha-band definitions, data preprocessing methods, and
statistical frameworks might introduce reporting biases or opportunistic interpretations,
potentially inflating the strength or significance of FAA findings (Allen & Cohen, 2010;
Hagemann et al., 2002). These methodological inconsistencies highlight the need for caution
and transparency when interpreting FAA as a reliable neural marker of emotion regulation.
Nonetheless, numerous replication studies demonstrate substantial internal consistency and
test-retest reliability of FAA measurements when standardized protocols are applied,
reinforcing its validity as a meaningful neuropsychological construct (Allen & Cohen, 2010;

Reznik & Allen, 2017).

FAA as a Stable Trait vs. a Transient State

A central debate in the FAA literature is whether it should be considered a stable trait

or momentary state measure. Trait-like FAA is typically assessed during resting EEG



recordings (i.e., in the absence of an active task), capturing an individual’s baseline
asymmetry patterns across weeks, supporting the notion that FAA can serve as a trait index
of one’s dispositional internal consistency and adequate test-retest reliability in resting

frontal asymmetry, enough to deem it a trait-like index of brain activity (Davidson, 1998).

Moreover, stable FAA has been linked to trait affect and personality measures:
individuals with greater left-frontal activity tend to report higher dispositional positive affect
and approach-related traits, whereas those with greater right-frontal activity exhibit higher
negative affect and withdrawal tendencies (Davidson, 1992; Coan & Allen, 2004; Depue &
Iacono, 1989; Harmon-Jones, 2003). These findings support Davidson’s affective style

model, which proposes that FAA reflects an enduring affective disposition.

By contrast, state-dependent FAA refers to asymmetry measured during or in
response to emotional situations. Many studies record FAA during emotion-eliciting tasks
(e.g., viewing emotional images, recalling memories, or regulating emotion) to capture
transient changes in asymmetry associated with current emotional states (Coan & Allen,

2003; Davidson, 1992; Harmon-Jones, 2007; Papousek & Schulter, 2004).

In such contexts, FAA is treated as an outcome measure, fluctuating based on an
individual’s emotional state. Experimental evidence suggest that momentary emotional
stimuli modulate FAA. For example, infants exhibit increased left-frontal activity when
watching a happy face compared to a sad face (Davidson & Fox, 1982), while adults show
leftward shifts in FAA during spontaneous enjoyment smiles and rightward shifts during

fearful reactions (Ekman & Davidson, 1993; Coan, Allen, & Harmon-Jones, 2001).

These examples illustrate FAA as a dynamic state indicator that tracks ongoing
emotional responses. Researchers differentiate between frontal activity (absolute asymmetry
at a given time) and frontal activation (change in asymmetry relative to baseline) (Reznik &
Allen, 2017). This distinction highlights how some studies examine absolute FAA during an

emotional task, while others assess the shift in FAA from rest due to the task. In either case,



the key point is that FAA can fluctuate within an individual, reflecting momentary emotional

or motivational states.

Importantly, trait and state FAA are not mutually exclusive interpretations but rather
two levels of analysis. Tonic asymmetry (trait) may establish an affective baseline, while
phasic asymmetry (state) occur on top of this baseline during emotional events (Davidson,
1998). Davidson’s early observations noted that even when emotional challenges induced
phasic asymmetry changes, individuals’ responses were layered upon their stable, underlying
asymmetry tendency (Davidson, 1998). This insight underscores a key theoretical debate: is
FAA primarily a dispositional marker that predicts emotional patterns? Or is it mainly a

readout of current emotional states?

Contemporary reviews argue that FAA should be examined from both perspectives
(Reznik & Allen, 2017). Coan and Allen (2004) emphasized that frontal EEG asymmetry
encompasses both trait and state components, urging researchers to consider whether their
study design captures one or both (Reznik & Allen, 2017). As a result, modern FAA research
often distinguishes between resting vs task-related asymmetry and explores their
relationship—an important approach for understanding emotion regulation capacity over

time versus in the moment.

Does FAA Reflect Cause or Consequence of Emotion?

A key debate in FAA research concerns the direction of causality between FAA and
emotional states. Does an individual’s FAA bias shape their emotional experiences, or do
emotional events drive changes in FAA (or both)? The answer is nuanced, and careful
interpretation is essential. FAA can be studied as a predictor or moderator of emotional
outcomes, or as an outcome measure in response to emotional stimuli (Reznik & Allen, 2017).
Treating FAA as a predictor implies a causal role in emotional processing. For instance,
individuals with stable left-frontal activity tend to exhibit greater resilience to stress and
faster recovery from negative moods (Davidson, 1998; Reznik & Allen, 2017; Wheeler,

Davidson, & Tomarken, 1993; Jackson et al., 2003).



Davidson (1998) proposed a diathesis model, suggesting that baseline frontal
asymmetry represents a stable predisposition that modulates emotional reactivity. Empirical
studies support this trait-based interpretation. Wheeler et al. (1993) found that individuals
with greater left-frontal activity at rest reported stronger positive emotional responses to
amusing film clips, while those with greater right-frontal activity exhibited more intense
negative reactions to upsetting clips. Notably, these effects persisted even after controlling for
baseline mood suggesting FAA was not merely a reflection of pre-existing mood but an

independent factor shaping emotional reactivity.

Conversely, FAA also reflects momentary emotional states. When experiencing
positive emotions or engaging in approach behaviors individuals typically show a leftward
shift in FAA. Contrawise, withdrawal-related emotions (e.g., fear, anxiety) induced greater
right-frontal activity (Harmon-Jones, Gable, & Peterson, 2010). These state-like FAA shifts
indicate that psychological states influence FAA, making it an outcome measure of emotional
processes. For example, if a fear-inducing film is shown, FAA will typically shift towards

right-frontal activation, reflecting increased withdrawal motivation.

This dual role of FAA has led researchers to exercise caution when interpreting FAA-
emotion correlations: a correlation does not inherently establish causality (Reznik & Allen,
2017). As Reznik and colleagues noted, FAA may index emotional processing without
necessarily initiating it. To clarify FAA’s causal role, Coan and Allen (2004) emphasized the
need for explicit statistical models testing whether FAA serves as a mediator or moderator of
emotional processes. FAA as a mediator: FAA serves as a mechanism through which an
emotional stimulus affects an outcome. FAA as a moderator: baseline FAA influences the
strength or direction of an emotional response (Reznik & Allen, 2017). Experimental studies
suggest that manipulating FAA can influence emotional experiences. For instance, forcing
participants to squeeze a ball with their right hand (which increases left-hemiphere activity)
led to higher self-reported positive mood or greater leftward FAA, compared to left-hand

squeezing (Harmon-Jones, Gable, & Peterson, 2010). Nonetheless, these causal effects occur



within controlled experimental settings. In everyday emotional experiences, FAA likely
operates bidirectionally within a dynamic regulatory feedback loop. FAA can bias emotional
reactivity, but it also adapts in response to emotional stimuli, reflecting a continuous

interaction between brain activity and affective states.

Similarly, neurofeedback training designed to increase left-frontal activity has been
reported to improve mood, implying a potential causal link from FAA to emotion (Harmon-

Jones et al., 2010; Allen et al., 2001; Peeters et al., 2014).
Purpose of the Current Review

In summary, FAA is viewed as a key neural marker in affective neuroscience, serving
both as a trait-like indicator of emotional style and a state-dependent signal of ongoing
emotional processes. Foundational theories from Davidson (1998), Harmon-Jones et al.
(2010), and Reznik et al. (2017) emphasize the importance of distinguishing between stable
and transient aspects of FAA and clarifying whether it functions as a cause or consequence of

emotional states.

The preceding introduction outlined two core debates in FAA research: (i) Is FAA a
stable predisposition (trait) or a dynamic readout of current emotional states (state)? (ii)
How does FAA causally relate to emotion—does it predict emotional tendencies, reflect them,
or both? These fundamental questions have significant implications for using FAA as a

biomarker for emotion regulation and psychopathology.

Building on this foundation, the present systematic review aims to critically examine
the relationship between FAA and emotion regulation. Specifically, this review will evaluate
to what extent FAA functions as a stable trait marker of affective tendencies. How FAA
operates as a state-dependent measure of emotion regulation processes. Key theoretical
frameworks and methodological approaches will be discussed, shedding light on how
researchers have addressed the trait-state distinction and FAA’s causal role in emotional

dynamics. By integrating findings from foundational theories by Davidson (1998) and



contemporary empirical evidence, this review aims to: clarify FAA’s role in emotional
regulation, establish a theoretical foundation for interpreting FAA in affective neuroscience,

and provide insight into its potential application as a biomarker in clinical psychology.
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Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (Page et al.,

2021).
Identification of Publications

A comprehensive literature search was conducted in March 2024 using three
electronic databases: PubMed, PsycINFO, and Scopus. The search targeted peer-reviewed
journal articles published in English between 2014 and 2024. Search terms included

»

variations and Boolean combinations of: “frontal alpha asymmetry”, “EEG”, “emotion
regulation”, “emotion induction”, and “resting state”. Search strings were adapted for each
database to maximize sensitivity and specificity. Additionally, the reference list of systematic

reviews and included articles were manually screened to identify supplementary studies.
Eligibility Criteria

Studies were considered eligible for inclusion if they met the following criteria: they
employed EEG methods to assess FAA; examined FAA in relation to explicit emotion
regulation tasks—such as cognitive reappraisal, suppression, or attentional deployment—or
investigated correlational associations between resting-state FAA and emotion regulation
traits or tendencies. Only studies involving healthy adults participants between the ages of 18
and 65 were included. Additionally, eligible studies had to be published in peer-reviewed
journals between 2014 and 2025 and written in English. Both experimental and correlational

study designs were considered.

Studies were excluded if they involved clinical populations (e.g., participants with
diagnosed psychological or neurological disorders), animal subjects, or individuals outside
the specified age range. Furthermore, publications were excluded if they were not peer-
reviewed (e.g., dissertations, preprints, conference abstracts, or book chapters), or if they did

not explicitly report both FAA and emotion regulation constructs.



Screening Process

The screening process was conducted in two phases. First, all retrieved records were
screened based on their titles and abstracts to identify potentially relevant studies. Articles
that did not meet the predefined eligibility criteria were excluded at this stage. In the second
phase, the full texts of the remaining studies were reviewed in detail to determine their final

eligibility for inclusion in the systematic review.

All screening procedures were conducted by the primary reviewer (the author). In
cases where the eligibility of a study was unclear, discussions were held with a second
reviewer (the thesis supervisor) to resolve uncertainties. This two-step procedure ensured a

consistent and transparent selection process, in line with PRISMA 2020 guidelines.
Data Extraction

Data were extracted using a structured data extraction form developed in accordance
with the review objectives. For each included study, the following information was collected:
citation details, including the first author(s) and year of publication; sample characteristics,
such as participants age, gender distribution, and total sample size; methodological
information, including the type of EEG setup used and whether the emotion regulation task
involved active regulation (e.g., reappraisal or suppression) or passive induction (e.g.,
emotional image viewing). Additionally, outcomes measures were recorded, focusing on FAA
indices (e.g., asymmetry scores, directionality of activation). Finally, the main findings were
documented, with particular attention to whether FAA was associated with trait-like emotion
regulation tendencies or state-based modulation, alongside reported statistical significance

and effect directions where available.

The data extraction was carried out by the author and cross-checked by the supervisor

to ensure consistency and to resolve any discrepancies.

Methodological Quality Assessment

11



The quality and risk of bias of included studies were assessed using an adapted

version of the Downs and Black checklist, compromising 23 items across five domains:

reporting, external validity, internal validity (bias and confounding), and statistical power.

Each study received a quality score between 0 and 25.

Quality assessment was conducted independently by the author. Quality scores are
reported for each included study to aid in interpreting the strength and reliability of the

evidence.

12
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From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71. doi: 10.1136/bmj.n71.
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Results

This systematic review includes findings from 12 peer-reviewed studies examining in
the context of emotion regulation, stress, and cognitive reappraisal were included. Sample
sized ranged from 20 to 102 participants, this study designs varying between within-subjects
experimental, between-group intervention, and correlational approaches. Across studies,
FAA was most commonly measured at frontal electrode pairs (e.g., F3/F4, F7/F8), using log-

transformed alpha power differences to infer hemispheric activation.
Study Summaries

Wang et al. (2015) examined whether reappraisal writing reduced social anxiety and
affected FAA. 80 participants were divided into reappraisal writing, irrelevant writing, and
non-writing control groups. Results showed that reappraisal writing led to sustained anxiety
reduction and increased FAA (left-sided activation) during re-imagining of the stressor. FAA
was measured at F3/F4, F7/F8, and Fp1/Fp2. This supported the use of expressive

reappraisal as an effective long-termed emotional regulation strategy.

Choi et al. (2016) investigated FAA differences during reappraisal versus suppression
of negative images among 102 university students. In a within-subject design, greater left
frontal activation (F3/F4, F7/F8, and Fp1/Fp2) was found during reappraisal compared to
passive viewing, while suppression showed no significant FAA change. Males results
reinforced the view that reappraisal engages approach-related neural systems more than

suppression.

Papousek et al. (2017) assessed how the capacity for cognitive reappraisal related to
FAA in 78 right-handed women. Participants completed reappraisal and creativity tasks
while EEG was recorded. Stronger left-lateralized activation (F3/F4, F7/F8, and Fp1/Fp2)
during reappraisal—but not creativity— was linked to greater reappraisal fluency and

flexibility, suggesting specificity of FAA as a neural marker for reappraisal ability.
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Adolph et al. (2017) examined trait FAA’s influence on processing approach- and
withdrawal-related stimuli in 43 participants. FAA at F3/F4 was used to categorize
participants. Greater left frontal activation (i.e., lower FAA) was associated with negative
valence ratings and attentional biases, though it was not related to physiological arousal

measures. The study highlighted FAA as a stable trait indicator of negative affect sensitivity.

Zhang et al. (2018) used the Cold Pressor Test to study FAA under acute stress in 21
males. EEG asymmetry at F3/F4 and F7/F8 showed that trait FAA (more left frontal activity)
predicted lower cortisol and cardiovascular responses. However, state changes in FAA during
stress were more prominent at lateral-frontal sites (F7/F8), pointing to a role for left-

lateralized FAA in buffering physiological stress responses.

Perchtold et al. (2019) found that greater left-lateralized FAA (F7/F8) during
cognitive reappraisal predicted higher reappraisal capacity and lower paranoia proneness in
57 participants. FAA changes mediated the link between brain activity and paranoia scores.
This supports FAA as both mediator and outcome marker in affective and personality

domains.

Chen et al. (2019) examined FAA as a predictor of performance in emotionally
demanding sports tasks (golf putting). 20 skilled golfers participated, and FAA (F3/F4)
increased prior to successful putts following failure. This dynamic increase in left frontal
activity suggested engagement of emotion regulation processes to sustain motivation and

focus.

Isbel et al. (2019) studied the effect of mindfulness training on FAA in 67 older adults.
Participants were assigned to either mindfulness or active control training. Only the high-
performing mindfulness group showed significant increases in left frontal activity (Fp1/Fp2,
F3/F4), along with increased positive affect. This indicated that mindfulness practice can

influence affective brain patterns when proficiency is achieved.
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Perone et al. (2019) assessed FAA dynamics during a monotonous, boring task (peg-
turning) in 54 students. Leftward shifts in FAA (F3/F4) occurred in low trait boredom
participants, while high-boredom individuals showed stable or right-shifted asymmetry. The
findings imply that FAA tracks real-time regulation of boredom and motivational

engagement.

Takehara et al. (2020) compared FAA during facial emotion suppression versus
facilitation in 25 participants. Suppression led to greater right frontal activity (reduced FAA),
while facilitation increased left activity, primarily at Fp1/Fp2, F7/F8, and FC5/FC6. This
confirmed that FAA reflects active emotion expression control rather than simple stimulus

valence processing.

Li et al. (2021) grouped 26 participants by their effectiveness in cognitive reappraisal
based on subjective ratings. Effective reappraisers showed greater left frontal activity (F3/F4,
F7/F8, Fp1/Fp2) during late processing stages, while ineffective reappraisers exhibited right
temporal activity earlier in the trial. FAA patterns accurately predicted reappraisal success,

highlighting its diagnostic potential.

Berretz et al. (2022) recorded EEG during the Trier Social Stress Test (TSST) and a
control task (P-TSST) in 51 males. Greater left frontal activation (F3/F4) was found during
the stress condition only, with no differences during resting state. This supports the
capability model, suggesting FAA changes are more pronounced during emotional challenge

than rest.
Summary and Comparison

Despite methodological variations across the 12 studies, FAA consistently served as a
marker of emotional regulation, particularly in the context of reappraisal and stress
adaptation. Studies using reappraisal paradigms reliably found left-lateralized FAA
associated with better regulation and adaptive outcomes (Choi et al., 2016; Papousek et al.,

2017; Perchtold et al., 2019; Wang et al., 2015). Stress studies showed similar left activation



under stress, with trait FAA predicting physiological resilience (Berretz et al., 2022; Zhang et
al., 2018). Intervention studies demonstrated modifiability of FAA through training or
expression manipulation (Isbel et al., 2019; Takehara et al., 2020). FAA was measured most
often at F3/F4, with some studies including F7/F8 and Fp1/Fp2. While electrode choices and
paradigms varied, the left frontal dominance in adaptive regulation emerged as a robust,

replicable pattern.

17



Table 1

Demographics, Methodology, and Findings of Included Articles

18

Authors (year) Sample Size Sample

characteristics

Comparison / Control
group / Intervention

characteristics

FAA Electrode Sites

FAA Type (State,
Trait, or Both)

Principal findings

Wang et al. (2015) 80 Healthy adults, age
range 20-23, mixed

gender

Choi et al. (2016) 102 Healthy adults, mean
age 21.7, mixed

gender

Reappraisal writing
vs. control writing

Reappraisal vs.
suppression vs.
viewing negative
images

Fpl/Fp2, F3/F4,
F7/F8

Fp2/Fpl, F3/F4,
F8/F7

State

Both

Reappraisal reduced
anxiety; sustained left
FAA shifts during
reimagining; transient
in controls

Reappraisal induced
greater left FAA;
suppression showed
no effect; trait
reappraisal linked to
FAA shifts in men




Papousek et al.
(2017)

Adolph et al. (2017)

Zhang et al. (2018)

Perchtold et al.
(2019)

78

43

21

57

Healthy female
adults, age ~22.4,

Healthy adults, age
~25.3, mixed gender

Healthy male adults,
age ~22.8,

Healthy adults, age
~23.6, mixed gender

Cognitive reappraisal
capacity (high vs.
low)

Approach vs.
withdrawal stimuli
tasks

Acute emotional
stress task vs. control

Anger reappraisal vs.
control

Fpl/Fp2, F3/F4,

F7/F8

F3/F4

F3/F4, F7/F8

F7/F8

Both

Trait

Both

Trait

Left FAA predicted
reappraisal
inventiveness; not
explained by general
creativity task

Right FAA linked to
negative bias and
reduced LPP
discrimination;
unrelated to
autonomic responses

Stress induced
rightward FAA shifts;
trait FAA predicted
cortisol and BP
responses

Left FAA linked to
better anger
reappraisal and
reduced paranoia;
right FAA to
paranoia; mediation
via reappraisal
capacity

19



Chen et al. (2019)

Isbel et al. (2019)

Perone et al. (2019)

Takehara et al. (2020)

20

67

25

Skilled golfers, age
~20.7, mixed gender

Healthy adults, age
~31, mixed gender

Healthy adults, age
~19.5, mixed gender

Healthy adults, age
~23, mixed gender

Regulation of
emotion after missed
putts

Mindfulness
intervention vs.
control

Boredom induction
task vs. rest

Facilitating vs.
suppressing facial
emotional
expressions

F3/F4

Fpl/Fp2, F3/F4,
F7/F8

F3/F4

Fpl/Fp2, F3/F4,
F7/F8, FC1/FC2
FC5/FC6

State

Trate

State

State

Successful puts
showed leftward FAA
shifts before
execution; none in
failed trials

Mindfulness
increased tonic left
FAA in high-
proficiency
participants; linked to
positive affect

FAA changes
indicated regulatory
processes during
boredom

Expression
suppression linked to
right FAA,
facilitation to left
FAA; specific EEG
microstates linked to
emotion control

20



Lietal. (2021)

Berretz et al. (2022)

26

51

Healthy adults, age
range 21-24, mixed
gender

Healthy adults, age
range unspecified,
mixed gender

Effective vs.
ineffective cognitive
reappraisal

Social stress task vs.
control task

Fpl/Fp2, F3/F4,
F7/F8

F3/F4, F7/F8, 01/02

State

State

Effective reappraisal
showed increased left
FAA, ineffective
linked to rumination
in men

Acute social stress
increased left FAA
compared to control;
no resting FAA
change

Note. This table summarizes key methodological and empirical features of the 12 peer-reviewed studies included in the systematic review. For

each study, information is provided on sample size, participants characteristics, intervention or task design, EEG electrodes sites used to assess

FAA, whether FAA was measured as a trait, a state, or both, and the main findings. The studies varied in terms of task type, electrode

configurations, and whether FAA was assessed at rest or during active regulation. Findings are categorized based on FAA directionality and their

correspondence with regulatory effectiveness, trait predispositions, or stress reactivity. This diversity in design highlights both the flexibility and

complexity of FAA as a neurophysiological marker of emotion regulation.
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Discussion

Contextualizing Key Findings in FAA Research

Validated findings from the 12 studies align with longstanding theories of FAA in
emotion (see Table 1). Across different tasks and samples, a common pattern is observed:
approach-oriented emotional regulation is marked by left-frontal activation, whereas
withdrawal or stress-related states elicit right-frontal activation. This pattern is consistent
with the classic approach-withdrawal model (Davidson, 1992), which states that the left
prefrontal cortex mediates approach behaviors and positive affect, while the right

hemisphere mediates withdrawal and negative affect.

For example, instructing participants to reappraise negative stimuli (an approach-
based coping strategy) reliably produced leftward FAA shifts in multiple studies (Choi et al.,
2016; Papousek et al., 2017; Li et al., 2021), while inducing stress or instructing emotional
suppression (avoidance-oriented responses) produced rightward shifts (Zhang et al., 2018;
Takehara et al., 2020). However, Berretz et al. (2022), found increased left-frontal activation
during acute stress, which may reflect inhibitory control rather than emotional withdrawal,

consistent with the asymmetric inhibition model.

Importantly, the findings also demonstrate that FAA holds both stable trait-like
qualities and dynamic state-dependent changes, supporting current perspectives in FAA
research (Reznik & Allen, 2017). In line with Davidson’s concept of affective style (Davidson,
1998), individuals exhibit characteristic FAA pattern that influence their emotional demands,
as proposed by Coan’s capability model, which emphasizes context-dependent regulation

capacities (Coan & Allen, 2004).

Together, the studies reviewed provide a nuanced view: FAA can serve both as an
enduring marker of one’s emotion regulation tendencies, and as a moment-to-moment
readout of regulatory engagement. These findings support the recent updates in the field that

describe FAA as both a mediator and a moderator of emotion (Reznik & Allen, 2017), thus
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builds on the present evidence and integrates it with the broader literature on EEG

asymmetry and emotional control.
Convergence and Divergence Across Studies

Despite variations in methods, the included studies show convergence in results.
Adaptive emotion regulation strategies consistently shift FAA leftward. Whether participants
down-regulated distress by cognitive reappraisal (Wang et al., 2015; Choi et al., 2016),
generated creative reinterpretations of anger triggers (Papousek et al., 2017), performed
skilled actions under pressure (Chen et al., 2019), or engaged in mindfulness training (Isbel
et al., 2019), greater relative left-frontal activity was associated with more successful

emotional regulation.

For instance, Wang et al. (2015) found that reappraisal-based writing significantly
reduced anxiety and increased frontal asymmetry. Similarly, Choi et al. (2016) reported that
instructing reappraisal (compared to passive viewing) significantly increased left-frontal EEG
asymmetry in participants. Papousek et al. (2017) further showed that lateral and frontopolar

FAA predicted the capacity to generate flexible reappraisals.

In contrast, avoidance-oriented or high-stress conditions induced rightward FAA
shifts. Zhang et al. (2018) found that the Cold Pressor Test induced a rightward shift at
F7/F8, along with elevated cortisol levels. Takehara et al. (2020) similarly showed that
actively suppressing facial expressions led to right-frontal activation at Fp1/Fp2 and F7/F8.
Berretz et al. (2022) observed increaced left frontal activation (F3/F4) during psychosocial
stress, while heightened visual vigilance. No FAA effect was found at lateral sites (F7/F8),
suggesting that stress-induced asymmetry may be more pronounced at midline frontal

regions.

Some divergences concerned which electrode site showed significant effects. For
example, Berretz et al. (2022) only observed changes at F3/F4, while lateral effects (e.g.,

F7/F8) were more commonly reported in reappraisal-focused studies (Choi et al., 2016;
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Papousek et al., 2017). This may reflect different functional roles of midline versus lateral

prefrontal regions, possibly distinguishing trait-like from state-related regulatory processes.

Another discrepancy is noted in suppression-related studies. While Takehara et al.
(2020) found clear rightward shifts during suppression, Choi et al. (2016) reported no
significant FAA change when participants were instructed to suppress emotion, suggesting
that suppression may not reliably engage the FAA system or that its effects are more

contextually variable.

Moreover, Choi et al. (2016) observed a sex difference: only male participants showed
a correlation between trait reappraisal use and FAA increases, Such demographic effects,
along with sample size differences, may explain variations in effect magnitude. For instance,
Papousek et al. (2017) used a larger, homogenous sample of 78 male participants and found
robust FAA-reappraisal correlations, while smaller, mixed-gender studies sometimes showed

subtler effects (Perchtold et al., 2019; Li et al., 2021)

Despite these differences, none of the studies reported contradictory findings.
Instead, some reported null effects under specific conditions or in subgroups where others
found asymmetry changes. For instance, Perone et al. (2019) found no correlation between
resting FAA and trait boredom proneness, but did observe task-related FAA shifts in low
boredom-prone individuals. Such results highlight the importance of distinguishing between

trait and state asymmetry.

In sum, divergences across studies appear to reflect methodological factors—such as
EEG montage, sample size, or task design—rather than theoretical contradictions. The overall
pattern remains robust: left-frontal FAA is associated with adaptive, approach-related
regulation, while right-frontal FAA reflects withdrawal, suppression, or stress reactivity. The
convergence across independently conducted studies strengthens the theoretical validity of

FAA as a biomarker of emotion regulation.

FAA as a Trait versus State Indicator
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A central question guiding this review was whether FAA reflects a stable individual
trait or transient state. The evidence supports FAA is both trait-like and state-dependent,

with different studies clarifying each aspect.

Trait FAA refers to characteristic patterns of hemispheric activation measurable at
rest or during baseline tasks. Several studies demonstrate that baseline or tonic FAA predicts
meaningful differences in emotional functioning. For example, Adolph et al. (2017) found
that individuals with more right-dominant resting FAA evaluated emotional stimuli more
negatively and showed reduced differentiation in late-stage emotional processing (e.g., LPP
amplitudes), suggesting a trait-like negative evaluative bias consistent with Davidson’s (1998)

concept of affective style.

Likewise, Perchtold et al. (2019) linked trait FAA during reappraisal to personality
traits: individuals with less left-lateralized activation at F7/F8 scored higher in paranoia
proneness. This relationship was mediated by reappraisal capacity, suggesting that trait FAA

may shape emotional vulnerability by influencing regulation effectiveness.

Additional support comes from a mindfulness intervention study by Isbel et al.
(2019), where an 8-week training led to sustained increases in leftward FAA at rest in those
participants who became most proficient at mindfulness (particularly at Fp1/Fp2 and
F3/F4). The observation that resting FAA changed following training (and mood
improvement) in high-proficiency individuals indicates that trait FAA, while stable, is not
fixed—it can be changed through intervention. These findings align with prior evidence from
neurofeedback research (e.g., Allen, Harmon-Jones, & Cavender, 2001), confirming FAA’s

role as a malleable trait marker.

Zhang et al. (2018) also highlighted FAA’s predictive power: individuals with more
left-lateralized resting FAA (F3/F4) had lower cortisol and blood pressure responses to acute
stress. This suggest that trait FAA may act as a resilience factor buffering against

physiological reactivity under threat.
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In contrast, state FAA captures real-time fluctuations in brain activity that reflect
ongoing emotional or cognitive processing. Nearly all experimental studies in this review
showed that FAA shifted dynamically during emotional tasks, indicating its sensitivity to

momentary regulatory states.

For instance, Wang et al. (2015) observed that only the reappraisal writing group
showed an increase in left FAA during the re-imagining of previously stressful experience,
suggesting sustained regulatory engagement. Li et al. (2021) found that effective reappraisers
showed a shift from early right-frontal activity to later left-frontal dominance, marking
successful regulation. In contrast, ineffective reappraisers lacked this late left shift and

exhibited greater rumination.

Berretz et al. (2022) found that FAA increased leftward during the Trier Social Stress
Test, but did not differ at rest after stress exposure. This supports Coan and Allen’s (2004)
capability model, which states that emotional regulation capacity is best observed under
affective challenge, not during baseline. Perone et al. (2019) also showed that FAA shifted
leftward only in low boredom-prone participants during a monotonous task—another

example of context-dependent regulatory mobilization.

Finally, Zhang et al. (2018) link trait and state FAA by showing that resting FAA
predicted the magnitude of stress reactivity—highlighting a trait-by-state interaction, where
individuals with stable leftward FAA show more adaptive physiological responses during

emotional challenge.

In sum, the evidence suggest that FAA is both a trait-sensitive and a state-responsive
biomarker. Resting FAA reflects stable predispositions linked to affective style and regulation
potential, while task-elicited FAA shifts captures moment-to-moment regulatory dynamics.
This view is reinforced my Hagemann et al. (2002), who found that approximately 50% of
FAA variance could be attributed to trait factors, and 50% to state-dependent influences.

Together, these findings confirm FAA’s value in affective neuroscience as a uniquely dual-
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purpose marker—bridging enduring individual differences with dynamic emotional

processes.
FAA as Cause or Consequence in Emotional Regulation

A related question is whether FAA plays a causal role in shaping emotional responses,
or is an epiphenomenal readout—a consequence of underlying emotional processes. The
studies reviewed provide clues that FAA is both a driver and a reflection of emotion

regulation, depending on context.

Several findings can be interpreted as a causal or antecedent role of FAA—especially
trait FAA—in emotion processing. For example, Adolph et al. (2017) showed that a resting
rightward asymmetry bias predisposed individuals to interpret stimuli more negatively and
to exhibit altered attention and event-related-potentials responses to emotion. Here, the
asymmetry (measured before any stimulus) predicted subsequent emotional processing—
suggesting it was not merely an outcome but a factor influencing how emotion was
experienced. This resonates with Davidson’s affective style hypothesis, wherein a person’s
characteristic FAA biases their vulnerability to negative affect or capacity for positive affect

(Davidson, 1998).

Similarly, Perchtold et al. (2019) modeled FAA as an upstream variable: a less
leftward prefrontal tendency impaired participants’ ability to generate reappraisals, which in
turn led to greater paranoid imagination. Interpreted directionally, this model suggest FAA
could be a part of the causal pathway to maladaptive emotional outcomes—by influencing on
cognitive regulatory capacity. Moreover, trait FAA predicted cortisol reactivity, implying that
the brain’s asymmetry profile influences the endocrine stress response—again pointing to a

causal chain, potentially via prefrontal regulation over stress systems (Zhang et al., 2018).

Conversely, FAA clearly functions as a consequence or indicator of ongoing emotional
processes as well. The rapid shifts observed during tasks are reactive to emotional stimuli or

regulation instructions. When participants engage in reappraisal, their FAA changes as a
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result of that effort (Wang et al., 2015); when participants undergo stress induction, their
FAA shifts accordingly (Berretz et al., 2022). In these moments, FAA is an output of the

emotion-regulation circuitry in action.

For instance, the late-stage leftward shifts observed in effective reappraisers in the
study by Li et al. (2021) were consequences of successfully implementing the reappraisal
strategy. Had participants not attempted to regulate, those asymmetry changes would likely
not have occurred. Likewise, Takehara et al. (2020) found that increased occurrence of a
specific EEG microstate (class B) during suppression reflected the brain’s dynamic spatial
configuration during active regulatory engagement—FAA serving here as a real-time readout

of the current emotional or motivational state.

Importantly, causality in brain-emotion relations runs both ways. The prefrontal
cortex, whose activity asymmetry underlies FAA, not only responds to emotional stimuli but
also exerts top-down control over subcortical affective systems. The reviewed evidence
supports this bidirectionality. For example, Berretz et al. (2022) interpreted left-frontal
activation under stress as the PFC actively inhibiting negative affect—a view in line with the
symmetric inhibition model. This implies a causal regulatory function, where greater left PFC
activity may reduce negative emotions by inhibiting right-hemispheric or amygdalar

responses.

At the same time, the stress itself causes the FAA shift—meaning the asymmetry was
also a consequence. Thus, FAA participates in a closed-loop system: baseline asymmetry

biases emotional reactivity, while emotional experiences, in turn, alter FAA.

Within Coan and Allen’s (2004) framework, FAA can act both as a moderator (an
individual’s difference that alters emotional outcomes) and a mediator (a mechanism
through which emotional regulation is implemented). The current review offers examples of
each. FAA moderated outcomes in Adolph’s and Zhang’s studies—some individuals’ FAA

profiles altered their emotional or physiological responses to the same stimuli (Adolph et al.,
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2017; Zhang et al., 2018). FAA mediated emotion regulation in the study by Li et al. (2021)

where the asymmetry change was a key step in how reappraisal achieved its effect.

From an experimental perspective, one way to test FAA’s causal role is to manipulate
it directly. Although not covered in the included studies, prior research has used
neurofeedback to induce FAA changes. For example, Allen et al. (2001) found that training
participants to increase left-frontal activity led to more positive emotional responses.
Similarly, Peeters et al. (2014) showed that experimentally inducing leftward FAA improved
mood. These findings support the idea that FAA is not merely a correlate, but can drive

emotional changes when modulated.

In summary, FAA should be regarded as both a cause and a consequence within
emotion regulation. Trait asymmetry biases emotion generation and regulation (causal
influence), while state-dependent FAA shifts reflect regulatory activity in real time
(consequence or indicator). Rather than choosing between these roles, the data support a

dynamic feedback model, in which FAA is an essential part of the emotion regulatory loop.
Theoretical Implications for Affective Science

The convergence of findings across the reviewed studies has important implications

for major theories of emotion and motivation.

First, the evidence supports Davidson’s (1992, 1998) approach-withdrawal model and
the motivational direction hypothesis of FAA. Consistently, left-hemisphere dominance is

observed in withdrawal-oriented states: avoidance, inhibition, or heightened vigilance.

Harmon-Jones et al. (2010) argued that FAA reflects a motivational direction, not
simple valence, citing the case of anger—an approach-oriented negative emotion—that elicits
leftward FAA. The present review adds support to that view. For example, anger reappraisal
tasks produced left FAA increases, while anxiety and threat—which evoke withdrawal—
produced rightward shifts (e.g., Takehara et al., 2020; Zhang et al., 2018). It’s also noted that

skilled golfers who responded to a missed putt with task engagement (and subsequent



success) showed a progressive leftward FAA shift, whereas those who disengaged (and failed)
did not (Chen et al., 2019). This aligns with the interpretation that approaching the
problem—even under pressure—recruits left-frontal mechanisms, while withdrawing does

not.

Second, the findings support Davidson’s affective style theory, which proposed that
individuals possess a characteristic style of affective reactivity, and that FAA is a key neural
marker. Consistent right-biased individuals in these studies tended to show a higher negative
affect, anxiety, or paranoia proneness (Adolph et al., 2017; Perchtold et al., 2019), aligning
with Davidson’s view that stable rightward asymmetry may predispose individuals to

emotional vulnerability.

These trait asymmetries also connect with emotion regulation abilities: individuals
with leftward FAA tended to show greater reappraisal success, regulatory creativity, and
lower rumination (Papousek et al., 2916; Li et al., 2021). This suggest that affective style and
regulatory style are intertwined, and FAA may be the common neural substrate linking affect

intensity with regulatory proficiency.

Third, the findings support context-sensitive models of FAA—particularly Coan’s
capability model. This model argues that frontal asymmetry during emotional challenges
reveals a person’s latent regulatory capacity more accurately than resting-state measures
alone. Supporting this, Berretz et al. (2022) found no significant FAA difference at rest, but
clear task-evoked asymmetry under stress. These results imply that researchers should avoid
overinterpreting resting FAA in isolation and should prefer emotionally salient context to

assess regulatory capacity.

Lastly, the evidence help clarify the distinction between valence models and
motivational models. FAA findings in boredom coping (Perone et al., 2019) illustrate this:
although boredom is aversive, effective coper showed leftward FAA, not because they felt

good, but because they mobilized approach effort to face the challenge.
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Thus, these findings contribute to a reconceptualization of FAA as a flexible neural
indicator of motivational direction and regulatory engagement, rather than a static
“happiness meter” (Reznik & Allen, 2017). They also point toward a neurophysiological
refinement of leading emotion regulation models (e.g., Gross, 2015)—where FAA can serve as
a measurable neural index of strategy implementation. In this framework, leftward FAA
reflects successful modulation, while rightward or null shifts indicate failure and

disengagement.

Over time, such data may support more biologically grounded models that integrate
individual trait differences (FAA at rest) and dynamic state shifts (FAA during task) to better

understand emotion regulation in both theory and practice.

Limitations and Caveats

While the reviewed studies offer insights into the relationship between FAA and

emotion regulation, several limitations must be acknowledge.

Sample characteristics present a constraint. Most studies relied on healthy young
adult samples, often university students, with some being homogeneous (e.g., all female in
Papousek et al., 2016); all male athletes in Zhang et al., 2018). Gender specific findings—for
example, male-only FAA effects in Choi et al. (2016)—highlights the need for broader and
more diverse samples. Notably, clinical populations were excluded, which limits the
generalizability to individuals with psychopathology, such as those with depression, or

anxiety, who may show exaggerated FAA patterns (Davidson, 1998; Reznik & Allen, 2017).

Sample size and power varied considerably. While some studies involved larger
samples (e.g., Berretz et al., 2022; Papousek et al., 2016), others used small or niche groups
(e.g., Chen et al., 2019, N = 20), limiting statistical power and external validity. Replication in

larger and demographically diverse cohorts would strengthen these findings.

Methodological heterogeneity is also a concern. Studies used different EEG electrode

sites (F3/F4 vs. F7/F8), analysis metrics (e.g., log power vs. difference scores), and task
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designs—ranging from resting state to emotion induction and suppression. Some asymmetry
indexes were defined oppositely, potentially reversing the direction of effects. Moreover,
tasks varied in content and complexity. For example, Li et al. (2021) observed FAA shifts in
reappraisal of static images, but such time-course patterns might differ for film-based or real-

time emotional regulation tasks.

Statistical flexibility is also a concern. Some studies explored multiple electrode sites
or time intervals without consistent correction for multiple comparisons. While exploratory
analyses can be informative, standardized protocols for FAA calculation and reporting are
needed to enhance comparability and replicability across studies (Allen & Cohen, 2010; Luck

& Gaspelin, 2017).

Causality remains unresolved. Many studies were correlational, especially in
evaluating trait FAA. Although meditation models suggest directional relationship, they do
not establish causality (Perchtold et al., 2019). Longitudal or experimental designs—such as
neurofeedback interventions offer stronger causal interference but remain relatively scares in

FAA literature (Allen et al., 2001; Peeters et al., 2014).

Physiological convergence was also mixed. For example, Berretz et al. (2022) found
no significant association between FAA changes and stress hormone levels, suggesting that
FAA captures cortical, but not necessarily peripheral data, more integrated approaches

combining EEG, self-report, and behavioral metrics would provide a fuller picture.

Lastly, FAA is not a unitary construct. Most included studies focus on alpha-band
asymmetry at frontal sites, but other frequency bands (e.g., theta and beta) and montages
(e.g., frontopolar) might yield complementary insights. Alpha activity, being inversely related
to cortical activation, is an indirect index, and individual differences in alpha frequency or
hemispheric dynamics may introduce noise. Future research using source localization or
imaging could clarify which brain regions are actively engaged during regulation (Kilmesch,

2012).
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In summary, while the evidence reviewed is interesting, caution is warranted in
interpreting FAA effects across heterogenous samples, paradigms, and analytic approaches.
Standardized methodologies, larger and more diverse samples, and multimodal designs will

be wanted in refining the understanding of FAA as a biomarker of emotion regulation.
Societal and Ethical Implications of FAA as a Biomarker

If FAA reflects an individual’s style or emotion regulation capacity, it carries
implications for both applied neuroscience and society. In contrast, FAA may serve as an
objective marker for identifying individuals at elevated risk for emotional dysregulation.
Persistent rightward asymmetry, for instance, has been associated with vulnerability to
anxiety and depression (Davidson, 1998; Reznik & Allen, 2017). In preventive contexts, EEG-
based screening could help detect such patterns early, offering opportunities for targeted

interventions before clinical symptoms appear.

Moreover, FAA may prove useful in treatment monitoring. Shifts towards leftward
asymmetry could reflect improved regulatory functioning, offering a neural complement to
self-report outcomes (Allen et al., 2001). In performance-based domains such as sport or the
military, awareness of FAA dynamics might also guide personalized coaching or resilience

training (Chen et al., 2019).

However, the translation of FAA into applied settings raises ethical concerns. EEG
data are inherently personal, and asymmetry profiles may reveal information an individual
does not wish to disclose. The use of FAA in workplace, educational, or clinical assessments
must therefore respect autonomy and require informed consent. There is also a risk of
stigmatization—labeling individuals as “at risk” based on brain patterns could lead to self-
fulfilling prophecies or marginalization. It is important to communicate that FAA is not a
fixed trait but modifiable, as shown by studies involving mindfulness or neurofeedback

interventions (Isbel et al., 2019; Peeters et al., 2014).
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Concerns about equity are equally relevant. Norms in FAA research are largely based
on WEIRD populations, which may limit generalizability (Henrich et al., 2010). Cultural
norms surrounding emotional expression may influence FAA patterns without implying
dysfunction. Applying neurobiological risk thresholds without accounting for such

differences risks structural bias.

Finally, these findings raise broader philosophical and policy considerations. While
FAA offers a neural lens on emotion regulation, it should not be treated as a deterministic
neural lens on emotion regulation or indicator of mental health. Instead, its utility lies in
highlighting the brain’s plasticity and the potential for change through cognitive and
behavioral means. Interventions that promote FAA flexibility—rather than fixed directional
change—may be best aligned with ethical principles and individual variability. Programs that
cultivate self-regulatory capacity, such as mindfulness-based training, could carry both

individual and public health benefits if implemented responsibly (Li et al., 2021).

Conclusion

In this systematic review, I validated and cross-examined results from 12 studies
linking FAA to emotion regulation. The collective evidence paints a cohesive picture: FAA
reliably tracks both who we are and what we are doing in emotional contexts. Individuals
with more leftward frontal activity tend to be more approach-oriented, emotionally resilient,
and effective at regulation, whereas those with rightward tendencies show patterns of
withdrawal, negative bias, or regulation difficulty. At the same time, engaging in successful
emotion regulation drives the brain into a left-dominate state, whereas stress and

suppression tend to shift asymmetry rightward.

These findings support FAA as a dual indicator—part trait, part state—of emotional
processes. Findings integrate with major theoretical frameworks, supporting that FAA
reflects approach versus avoidance motivations, and can index Davidson’s affective style and

Coan’s capability model in neurophysiological terms.
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The in-depth verification against original studies confirmed that the statistical claims
and effect directions reported in the review align with the source literature. Each study’s
findings taken together reinforce the central picture that frontal asymmetry is involved in

emotion regulation—as both predictor and outcome.

Future studies should address the limitations noted—expanding sample diversity,
standardizing FAA measures, and probing causality through experimental manipulation. FAA
stands out as a neural marker that link psychological theory and applied neuroscience, as it
offers a quantifiable window into the emotional and feeling brain—reflecting whether we are

engaging with life’s challenges or retreating from them.

In summary, FAA has a meaningful and nuanced biomarker of emotion regulation,
revealing both enduring dispositions and temporal processes in the brain. Building upon this
knowledge while also respecting the methodological boundaries can inform future efforts to

cultivate emotional well-being and resilience across individuals and populations.
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