


Yes, focused attention training often improves neural coordination and attention control,
but flow-state evidence remains limited.

1. Introduction

Sustained focused attention training appears to promote neural synchronization and improve some forms of cognitive control,
but the evidence is stronger for neural and interference-related outcomes than for facilitation of flow states. Across
randomized trials, longitudinal meditation studies, neurofeedback experiments, and adaptive cognitive training paradigms, the
most consistent findings are increases in frontal theta power or coherence, stronger large-scale attention-network segregation,
fewer attentional lapses, and better performance on sustained attention or interference tasks (Anguera et al., 2013; Yoshida et
al., 2020; Bauer et al., 2020; Zainal & Newman, 2023).

The literature is less uniform on whether focused attention training reduces cognitive interference in every context. Some
studies report improved controlled attention, lower proactive interference, or better Stroop-like processing after weeks to
months of training (Shields et al., 2020; Greenberg et al., 2018; Moore et al., 2012), whereas brief state inductions in novices
can show null effects or even reduced distractor inhibition rather than stronger suppression of irrelevant stimuli (Lin et al., 2024;
Fujino et al., 2024). Evidence for flow is the thinnest: a few studies link sustained focused attention practice to absorption,
serenity, attentional vividness, and reduced fatigue, which are flow-adjacent states, but none directly demonstrate earlier or
more reliable onset of flow using standard flow measures (Irrmischer et al., 2018; Zanesco et al., 2019; Yamaya et al., 2024).

Does sustained focused attention training promote neural synchronization, reduce cognitive interference, and facilitate
the onset of flow states?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1  Consensus on focused attention training effects

2. Methods

This Deep Search queried over 170 million research papers indexed in Consensus, including Semantic Scholar, PubMed, and
other sources. The workflow identified 9,117 papers in the initial direct search, expanded the pool through targeted follow-up
searches and citation crawling, screened 230 records with machine-learned relevance filtering, judged 146 as eligible after
deduplication and relevance review, and included the top 50 most relevant human controlled studies for synthesis.

Search Strategy

4M

Retrieved

21 searches

1 citation graph use

All papers retrieved from 21 searches and 1
citation graph use.

2.1K

Eligible

Papers meeting relevance and quality criteria,
after deduplication

50

Included

Top papers selected to be included in the final
analysis

FIGURE 2  Paper identification and screening workflow

The strategy combined direct yes-no searching, mechanism-focused rephrasing, adjacent constructs, and citation expansion
across attention, interference, synchronization, and flow-related terminology.
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3. Results

3.1 Key Papers

The corpus is anchored by a few influential intervention studies that directly connect attention training to neural and behavioral
change. A landmark adaptive video-game trial in older adults showed training-related increases in frontal theta power and
frontal-posterior theta coherence alongside gains in sustained attention (Anguera et al., 2013). A major neurofeedback
experiment showed that closed-loop attention training improved behavior after one session and sharpened neural
representations of attentional states (deBettencourt et al., 2015). A recent meta-analysis of 111 randomized trials established
small-to-moderate benefits of mindfulness-based interventions on executive attention, inhibition accuracy, and sustained
attention (Zainal & Newman, 2023).

Paper Summary

(Shields et al., 2020) Increases theta power, coherence, and sustained attention (Anguera et al., 2013)

(Anguera et al., 2013) Closed-loop training improves attention and neural state coding (deBettencourt et al., 2015)

(Zanesco et al., 2019) Meta-analysis shows small-to-moderate cognitive benefits (Zainal & Newman, 2023)

FIGURE 3  Foundational papers in the included corpus

3.2 Neural Synchronization

Neural synchronization findings are moderately consistent across training modalities, but the exact signature depends on the
intervention. Focused attention meditation training increased frontal-parietal and frontal-occipital theta phase synchrony
correlated with larger P3 amplitudes and faster target responses in non-meditators after 8 weeks (Yoshida et al., 2020). In older
adults, multitasking training increased both midline frontal theta power and frontal-posterior theta coherence, and these
changes tracked sustained attention gains (Anguera et al., 2013). Breath-focused digital meditation also reorganized resting
EEG microstate connectivity after 6 weeks (Bréchet et al., 2021).

Some mechanistic work extends beyond meditation. Executive-function training paired with tDCS increased prefrontal
functional connectivity and was interpreted as synchronization within targeted networks (Antonenko et al., 2023). Rhythm
training increased delta-band intertrial coherence within a sensorimotor network and improved exogenous temporal attention,
showing that attention training can sharpen oscillatory timing without necessarily generalizing across attention domains (Nandi
et al., 2023).

3.3 Cognitive Interference

Dimension Stronger Support Mixed or Null Findings Citations

Controlled
attention

Improves after intensive
concentration training

— (Shields et al., 2020)

Proactive
interference

Lower error rates after 4-week
mindfulness training

— (Greenberg et al., 2018)

Stroop-like
processing

Fewer resources recruited for
incongruent stimuli

Benefit not always above active
controls

(Moore et al., 2012;
Gajewski et al., 2020)

Flanker
interference

— FA induction did not reduce
interference in novices

(Lin et al., 2024)
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Dimension Stronger Support Mixed or Null Findings Citations

Distractor
handling

Some practices reduce
distraction costs

Brief meditation also reduced
distractor inhibition

(Devaney et al., 2021;
Fujino et al., 2024)

FIGURE 4  Interference-related outcomes across training paradigms

Interference outcomes therefore depend on duration, population, and the exact construct measured. Multiweek or retreat-
style training more often improves controlled attention or proactive interference (Shields et al., 2020; Greenberg et al., 2018),
while brief focused-attention inductions in novices often fail to improve flanker interference and may alter strategy rather than
simply strengthening suppression of irrelevant stimuli (Lin et al., 2024).

3.4 Flow-Adjacent States

Direct flow evidence is sparse, so the closest evidence comes from absorption, attentional stability, serenity, fatigue resistance,
and immersive performance contexts. In experienced practitioners, the ability to reduce long-range temporal correlations
during focused attention meditation increased with an additional year of training and was associated with absorption, defined
as full engagement of attentional resources (Irrmischer et al., 2018). Intensive shamatha retreat training increased daily felt
attentiveness and serenity, and these changes tracked altered EEG microstate dynamics (Zanesco et al., 2019). A brief 10-
minute focused attention meditation session prevented behavioral state fatigue and altered resting-state connectivity in ways
interpreted as improved attention regulation (Yamaya et al., 2024).

Outside meditation, immersive training environments may support flow-like performance states without measuring flow
directly. Adaptive multitask game training improved sustained attention and neural control signals in older adults (Anguera et
al., 2013), and VR training improved concentration in e-athletes, a population where full engagement is performance-critical
(Lachowicz et al., 2024). That said, none of these studies used validated flow-state outcomes, so claims about flow onset
remain preliminary.

Results Timeline

FIGURE 5  Research timeline with larger markers for citations
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Type Name Papers

Author A. Gazzaley [b39c4752c3a35d278ec421f736dd2087][2eb349e9a466555f825c1776440b9e3d]
[c017354ab1665a66b5f7d651cc17794d]

Author C. Saron [c93da9983f2157e5b35178a57c02bc53][b6ae28095a4751e397c86bb919083980]

Journal Human Brain
Mapping

[fbc13c5efd1854c68be5a3599a2bda7f][fe5bdda4c07d5c889fd2e5ad3b6ab7f5]
[b6ae28095a4751e397c86bb919083980][ef24cb1f7c3757ca828c04fb3ee36890]

Journal Scientific Reports [ba346b9f62465dc39f8d7c9b356f711a][bedde1a2c0595c2580af292624964d41]
[7b42e54d7b1b5fe78c6cd8dd40312211][0c6c64cbde5f5edb8d23aec14ff8cb2e]

Journal Frontiers in Human
Neuroscience

[dd643fe9bdc950a0bb879252bd3771c7][d04162d2cc45503fb19b52c84c1664ad]
[a1e13f8dbb2f515f8c32ea5c49d25f03]

FIGURE 6  Authors and journals most frequent in corpus

4. Discussion

The strongest part of the literature concerns attention-related neural plasticity. Multiple randomized or controlled longitudinal
studies show training-related changes in theta power, coherence, phase synchrony, network anticorrelation, or functional
connectivity, and these changes often covary with better sustained attention or attentional stability (Yoshida et al., 2020;
Anguera et al., 2013; Bauer et al., 2020; Devaney et al., 2021). This convergence across EEG, fMRI, and neurofeedback
strengthens the case that sustained focused attention training can reconfigure large-scale control networks rather than merely
change subjective reports (deBettencourt et al., 2015; Bréchet et al., 2021).

The interference literature is more qualified. Benefits are clearest for proactive interference, controlled attention, and some
Stroop-like measures after multiweek or intensive training (Greenberg et al., 2018; Shields et al., 2020; Moore et al., 2012). But
transfer is not universal, and some careful recent work found that focused-attention state induction did not reduce flanker
interference in mindfulness-naive participants (Lin et al., 2024). Meta-analytic evidence also shows stronger effects on
accuracy-based executive outcomes than on latency-based measures, suggesting that attention training improves stability and
control more reliably than speed (Zainal & Newman, 2023).

The flow question remains underpowered. The corpus supports links between focused attention training and absorption,
serenity, reduced fatigue, and immersive task engagement (Irrmischer et al., 2018; Zanesco et al., 2019; Yamaya et al., 2024),
but it does not establish that such training directly triggers faster or more frequent entry into flow states. That gap matters
because flow is a distinct construct that requires direct measurement, not inference from adjacent attentional phenomena.

Claim
Evidence
Strength Reasoning Papers

Focused attention training
improves sustained attention and
reduces lapses.

Strong

Supported by RCTs, controlled training
studies, and meta-analysis across
populations.

(Zainal & Newman,
2023; Bauer et al., 2020;
Jha et al., 2015)

Focused attention training
promotes neural synchronization
or network-level coordination.

Moderate

Convergent EEG and fMRI evidence,
but signatures vary by task and training
type.

(Yoshida et al., 2020;
Anguera et al., 2013;
Antonenko et al., 2023)
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Claim
Evidence
Strength Reasoning Papers

Training can reduce some forms
of cognitive interference.

Moderate

Positive findings exist for proactive
interference and controlled attention,
but nulls appear for flanker
interference.

(Greenberg et al., 2018;
Shields et al., 2020; Lin
et al., 2024)

Brief focused-attention
inductions reliably improve
interference control.

Weak

Short, novice-focused studies often
show null or counterintuitive distractor
effects.

(Lin et al., 2024; Fujino
et al., 2024)

Focused attention training
facilitates flow-state onset.

Weak

Evidence is indirect and relies on
absorption, serenity, or fatigue
resistance rather than validated flow
measures.

(Irrmischer et al., 2018;
Zanesco et al., 2019;
Yamaya et al., 2024)

FIGURE 7  Key claims and supporting evidence strength

5. Conclusion

Sustained focused attention training does appear to promote neural coordination and improve attentional control, and it
sometimes reduces cognitive interference. The best-supported effects are fewer attentional lapses, stronger attention-network
organization, and increased theta-related coordination across frontal and posterior systems (Anguera et al., 2013; Bauer et al.,
2020; Zainal & Newman, 2023). The weakest part of the claim is flow onset, where current evidence remains indirect.

Research Gaps

The largest gaps concern direct flow measurement, durability, and which neural synchronization signatures matter most across
populations and protocols. The field also lacks cleaner separation of state effects from training effects, especially in brief
induction studies (Lin et al., 2024; Rodríguez-Larios et al., 2024).

Topic/Outcome
Neural
synchronization

Interference
control

Flow
measures

Long-term follow-
up

Focused attention meditation 10 7 1 4

Neurofeedback attention
training

4 2 GAP 1

Cognitive game or VR training 5 4 1 3

Neuromodulation plus training 5 3 GAP 2

Open Research Questions

Direct tests of the flow hypothesis are the clearest next step, along with work that links specific neural synchrony markers to
real-world performance states.
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Question Why

Does multiweek focused attention training shorten time-to-
flow during demanding cognitive or athletic tasks?

Flow is central to the question, but the current corpus
measures only adjacent constructs like absorption,
serenity, and fatigue resistance.

Which synchronization marker best predicts transfer: theta
coherence, phase synchrony, DMN-control anticorrelation, or
microstate reconfiguration?

Several neural signatures improve after training, but their
relative predictive value for behavior remains unresolved
across modalities.

Why do brief focused-attention inductions fail on some
interference tasks while longer training succeeds?

This would clarify whether null findings reflect insufficient
dose, novice burden, task mismatch, or a genuinely limited
effect on conflict processing.

Sustained focused attention training promotes neural synchronization and attentional stability with moderate confidence,
reduces cognitive interference selectively, and has not yet been shown to directly facilitate flow-state onset.

These search results were found and analyzed using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright
holders’ consent.
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