


Yes, flow states are associated with selective transient hypofrontality, but prefrontal blood
flow decreases are not uniform.

Psychological flow states appear to involve reduced activity in some prefrontal regions, especially medial prefrontal areas linked to
self-referential processing, but the evidence does not support a global drop in prefrontal blood flow across all flow states. Direct
flow studies are split: perfusion fMRI found decreased medial prefrontal activity during experimentally induced flow (Ulrich et al.,
2014; Ulrich et al., 2016), EEG source analyses in jazz improvisation and tightrope performance linked high-flow states to frontal
deactivation consistent with transient hypofrontality (  Rosen et al., 2024;  Leroy & Cheron, 2020), yet an fNIRS Tetris study
found no association between self-reported flow and frontal cortical oxygenation (  Harmat et al., 2015). Another fNIRS flow
study found the opposite pattern, with increased oxyhemoglobin in bilateral ventrolateral prefrontal cortex during flow (  Yoshida
et al., 2014).

Introduction

The question is whether psychological flow states are associated with transient hypofrontality and decreased regional cerebral
blood flow to the prefrontal cortex. The strongest direct evidence says flow is often accompanied by reduced medial prefrontal or
superior frontal activity rather than a whole-prefrontal shutdown. In experimentally induced arithmetic flow, perfusion imaging
showed relative decreases in medial prefrontal cortex and amygdala, alongside increases in inferior frontal gyrus and putamen
(Ulrich et al., 2014). A later fMRI replication with shorter blocks again found reduced medial prefrontal/default-mode activity during
flow (Ulrich et al., 2016). In expert jazz improvisers, high-flow performances showed deactivation of frontal executive areas,
especially in experienced musicians (  Rosen et al., 2024). A single-subject tightrope EEG study also localized medial frontal
generators to stress rather than flow, supporting transient hypofrontality (  Leroy & Cheron, 2020).

That said, direct hemodynamic evidence for decreased prefrontal blood flow in flow is inconsistent. One large fNIRS Tetris study
found no relationship between flow and frontal oxygenation (  Harmat et al., 2015), whereas another smaller fNIRS gaming study
found increased ventrolateral prefrontal oxyhemoglobin during flow (  Yoshida et al., 2014). This mixed pattern fits a broader task-
neuroimaging literature in which active states can reduce blood flow in medial frontal and default-mode regions while increasing
blood flow in lateral frontal task-control regions (  Shulman et al., 1997).

Are psychological flow states associated with transient hypofrontality and decreased regional cerebral blood flow
to the prefrontal cortex?

N = 11

8 3

Yes 73% · Possibly 0% · Mixed 0% · No 27%

FIGURE 1  Consensus on flow, hypofrontality, and prefrontal blood flow

The meter should be read as moderate support for selective hypofrontality, not strong support for a uniform prefrontal perfusion
decrease. The best direct studies converge on reduced medial/self-referential frontal activity during flow, but direct blood-flow
studies over the prefrontal cortex disagree on whether overall prefrontal oxygenation falls (Ulrich et al., 2014;  Harmat et al., 2015;

 Yoshida et al., 2014).

Methods

The search ran over more than 170 million research papers in Consensus, drawing from Semantic Scholar, PubMed, and other
sources. The workflow identified 72,172 initially relevant records for the exact query, expanded through targeted searches on
transient hypofrontality, prefrontal blood flow, creativity, meditation, stress, and methodological variants, then screened 230
papers with machine-learned relevance filtering. After deduplication and eligibility review, 185 papers passed threshold relevance,
and the top 50 were included for synthesis.
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Search Strategy

26.8M

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  Deep search screening and inclusion workflow

Searches combined direct flow studies with comparator literatures on stress, meditation, creativity, and perfusion imaging
methods.

Results

3.1 Key Papers

Three papers anchor the direct evidence base because they measured flow itself while also resolving frontal neural or perfusion
changes. Ulrich et al. established the clearest perfusion result: flow was linked to medial prefrontal decreases but not generalized
frontal deactivation (Ulrich et al., 2014). Harmat et al. tested the hypofrontality claim with fNIRS in a large Tetris sample and found
no frontal oxygenation correlate of flow (  Harmat et al., 2015). Rosen et al. then revived the hypofrontality account in a domain
where expertise matters, showing high-flow improvisation with frontal executive deactivation (  Rosen et al., 2024).

Paper Summary

(Bench et al., 1995) Medial PFC decreases during flow (Ulrich et al., 2014)

(Ulrich et al., 2014) No frontal oxygenation-flow association (  Harmat et al., 2015)

(  Harmat et al., 2015) Expert creative flow shows frontal deactivation (  Rosen et al., 2024)

FIGURE 3  Key direct papers on flow neurophysiology

3.2 Flow Neural Patterns

Direct flow studies point to a selective pattern. Perfusion and BOLD studies of arithmetic flow found decreases in medial prefrontal
cortex and other default-mode regions, consistent with reduced self-referential processing, while inferior frontal gyrus and striatal
regions increased activity (Ulrich et al., 2014; Ulrich et al., 2016). This is not what a global hypofrontality model predicts. It is closer
to task-related reallocation: some frontal systems quiet down while lateral control and salience regions remain engaged (Barnett &
Vasiu, 2026).

EEG studies support this selective account. Jazz improvisation showed high-flow deactivation in frontal executive areas, but mainly
in highly experienced musicians; low-experience musicians showed no significant flow-related frontal-network differences (
Rosen et al., 2024). A professional tightrope case study likewise placed medial frontal generators in stress rather than flow, again
favoring reduced frontal self-monitoring during flow (  Leroy & Cheron, 2020).
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3.3 Hemodynamic Comparisons

Dimension
Flow Study
A Flow Study B Comparator Literature Citations

Modality Perfusion
fMRI

fNIRS PET/NIRS task-emotion
studies

(Ulrich et al., 2014; 
Yoshida et al., 2014; 
Shulman et al., 1997)

PFC decrease
location

Medial PFC None; VLPFC increase Medial/inferior frontal
decreases common in
active tasks

(Ulrich et al., 2014; 
Yoshida et al., 2014; 
Shulman et al., 1997)

Lateral PFC
pattern

IFG increase Bilateral VLPFC increase Task-related frontal
activation often preserved

(Ulrich et al., 2014; 
Yoshida et al., 2014;
Chen et al., 2020)

Interpretation Less self-
reference

More
engagement/reward/control

Regional, not uniform,
frontal shifts

(Ulrich et al., 2014; 
Yoshida et al., 2014;
Barnett & Vasiu, 2026)

Main limitation Arithmetic
task

Small video-game sample Cross-paradigm inference (Ulrich et al., 2014; 
Yoshida et al., 2014; 
Shulman et al., 1997)

FIGURE 4  Direct flow studies versus comparator hemodynamics

The key difference is anatomical specificity. Flow-related decreases are most reproducible in medial prefrontal/default-mode
regions, whereas lateral prefrontal cortex can increase, stay unchanged, or decrease depending on expertise and task structure
(Ulrich et al., 2014;  Yoshida et al., 2014;  Rosen et al., 2024).

3.4 Adjacent States and Theory

Neighboring literatures show that reduced prefrontal blood flow is not unique to flow. Pleasant emotion induced broad prefrontal
oxyhemoglobin decreases interpreted as reduced regional CBF and prefrontal deactivation (Matsukawa et al., 2018). Very pleasant
emotion also decreased left dorsolateral prefrontal oxyhemoglobin in event-related NIRS (Hoshi et al., 2011). Anticipatory anxiety
decreased blood flow in medial prefrontal cortex, though the size of that decrease varied inversely with self-reported anxiety
(Simpson et al., 2001). Normal sadness likewise produced right dorsolateral prefrontal decreases (  Mayberg et al., 1999).

By contrast, meditation usually increases prefrontal blood flow or oxygenation rather than decreasing it (Cahn & Polich, 2006;
Deepeshwar et al., 2015). This matters because meditation is often discussed alongside flow under transient hypofrontality
theories, yet the hemodynamic signatures are not interchangeable (Lee et al., 2016; Fox et al., 2016).
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Results Timeline

FIGURE 5  Flow neuroimaging timeline; larger markers indicate more citations

The timeline shows a shift from broad hypofrontality theory to more anatomically specific evidence. Early work framed frontal
downregulation as a global state, whereas newer studies increasingly separate medial self-referential suppression from preserved
or enhanced lateral task-control activity (Weinberger & Berman, 1988; Barnett & Vasiu, 2026).

Top Contributors

Type Name Papers

Author M. Ulrich [08cce0506db05aca8d3668e2fa0397a8]
[477c6d3fed2e50539e8a0cc772fdfbc7]

Author J. Keller [08cce0506db05aca8d3668e2fa0397a8]
[477c6d3fed2e50539e8a0cc772fdfbc7]

Author H. Mayberg [9345ff2ff5e453a0b2580b0543dc87cf]
[db14f50ef2375b41b92a9cc9d3719e12]

Journal NeuroImage [08cce0506db05aca8d3668e2fa0397a8]

Journal Social Cognitive and Affective
Neuroscience

[477c6d3fed2e50539e8a0cc772fdfbc7]
[94c9d69932475ca3baa688b084371d7e]

Journal The American Journal of Psychiatry [9345ff2ff5e453a0b2580b0543dc87cf]
[db14f50ef2375b41b92a9cc9d3719e12]

FIGURE 6  Authors and journals appearing most in corpus

Discussion

The evidence supports a narrower claim than the question’s strongest wording. Flow is associated with transient hypofrontality in
several direct studies, but usually as reduced medial or superior frontal self-monitoring rather than a whole-prefrontal perfusion
drop (  Rosen et al., 2024;  Leroy & Cheron, 2020; Barnett & Vasiu, 2026). That pattern matches the broader cognitive blood-
flow literature, where active task engagement often suppresses medial frontal and default-mode regions while leaving some lateral
frontal regions active or even increased (  Shulman et al., 1997).
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The main weakness is measurement inconsistency. Flow has been studied with perfusion fMRI, BOLD fMRI, EEG source
localization, wearable EEG, and fNIRS, and those modalities index different aspects of neural and vascular activity. The largest
direct fNIRS study found no frontal oxygenation correlate of flow (  Harmat et al., 2015), whereas a smaller fNIRS study found
ventrolateral and dorsolateral increases (  Yoshida et al., 2014). Wearable EEG work supports alpha/theta-dominant frontal
signatures compatible with transient hypofrontality, but also reported prominent beta power in flow, underscoring that
physiological markers depend on baseline and task design (Rácz et al., 2025).

A second limitation is generalizability. Some of the strongest hypofrontality-supporting studies involve experts or single-case
naturalistic performance, where automaticity may be unusually high (  Rosen et al., 2024;  Leroy & Cheron, 2020). Creative
cognition outside flow often recruits dorsolateral and medial prefrontal cortex rather than downregulating them (Aziz-Zadeh et al.,
2013; Chen et al., 2020). That argues against treating all creativity, immersion, and automaticity states as one neurophysiological
class.

Claim
Evidence
Strength Reasoning Papers

Flow is associated with reduced medial
prefrontal/default-mode activity.

Strong

Replicated across direct perfusion
and BOLD flow studies.

(Ulrich et al., 2014;
Ulrich et al., 2016)

Flow is associated with transient
hypofrontality in some expert-performance
EEG studies.

Moderate

Supported directly, but samples are
small or specialized.

(  Rosen et al.,
2024;  Leroy &
Cheron, 2020)

Flow causes decreased prefrontal blood
flow across the whole PFC.

Weak

Direct hemodynamic studies
conflict and some show increases
or no change.

(  Harmat et al.,
2015;  Yoshida et
al., 2014)

Flow preserves or increases some lateral
frontal task-control activity.

Moderate

Multiple studies show IFG/VLPFC
engagement during flow tasks.

(Ulrich et al., 2014; 
Yoshida et al., 2014)

Expertise moderates whether flow shows
frontal deactivation.

Moderate

One strong recent study suggests
this, but replication is limited.

(  Rosen et al.,
2024)

FIGURE 7  Key claims and supporting evidence strength

Conclusion

Across this corpus, psychological flow states are associated with transient hypofrontality in a selective sense: reduced medial
prefrontal and self-referential activity is the most consistent finding, not a uniform shutdown of the prefrontal cortex. Evidence for
decreased regional cerebral blood flow specifically to the prefrontal cortex is mixed because some direct flow studies show medial
prefrontal decreases, while others show no frontal oxygenation change or even increased lateral prefrontal oxygenation (Ulrich et
al., 2014;  Harmat et al., 2015;  Yoshida et al., 2014).

Research Gaps

The biggest gap is the lack of direct, replicated perfusion studies that separate medial from lateral prefrontal subregions during
matched flow paradigms. The field also lacks enough studies that compare novices and experts with the same task and imaging
method.
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Topic/Outcome
Direct perfusion
imaging

EEG source
studies

Expertise
comparisons

Naturalistic
tasks

Medial PFC decreases in flow 2 2 1 1

Lateral PFC increases in flow 2 1 1 1

Whole-PFC blood flow
reduction

2 GAP GAP GAP

Flow versus stress
comparisons

1 1 GAP 1

Open Research Questions

Directly testing regional specificity would most efficiently resolve the disagreement in this literature.

Question Why

Does flow reliably decrease medial prefrontal perfusion while preserving
or increasing lateral prefrontal perfusion within the same participants?

This would distinguish selective hypofrontality from
a global prefrontal shutdown model.

Does expertise determine whether flow shows frontal deactivation, frontal
activation, or no hemodynamic change?

Current evidence suggests experts and non-
experts may enter neurally different forms of flow.

Do naturalistic flow states in sports, music, and gaming share the same
prefrontal perfusion signature?

Cross-domain replication is needed before treating
flow as one unified neurovascular state.

In sum, flow is associated with transient hypofrontality, but the literature does not support a simple claim of globally decreased
prefrontal cerebral blood flow.

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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