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SYSTEMS MODEL — AS STATED IN THE BOOK

Through repetitive physical rhythm, the brain's electrical activity can transiently
synchronize to the beat, inducing Theta Waves (4-7 Hz). This allows you to
temporarily bypass the strict filtering of the prefrontal cortex and restructure deeply
ingrained neural pathways.

VALIDATION QUERY

Does rhythmic auditory stimulation or drumming induce transient theta-band brainwave entrainment and alter functional
brain network connectivity?

EMPIRICAL FINDING

A robust body of neurophysiological research demonstrates that rhythmic auditory stimulation can induce transient
theta-band (4-7 Hz) brainwave entrainment. More significantly, rhythm-based training reliably alters functional
brain network connectivity, supporting the mechanism that auditory driving facilitates systems-level

neuroplasticity by temporarily bypassing baseline executive control.

PRIMARY ANCHORS
— Harrington et al., 2020, Sleep
— Amad et al., 2016, Cerebral Cortex

ABOUT THIS RECORD CONFIDENCE TIERS

Each claim in the book is decompiled from its IT metaphor into a haked, falsifiable scientific [l CONSENSUS <« this log —broadly established,

. - . . . highl licated hanics.
claim, then anchored to a primary peer-reviewed source. Claim and anchor are queried 1ghly replicated mechanics

against the Consensus academic database (200M+ papers) under a fixed protocol — top-tier [ | EMERG'NG — plausible, actively researched; no

Q1/Q2 journals only, preprints excluded, human studies only. If a hypothesis fails the audit, universal consensus yet.

the build is rejected: the Al generates the syntax; the peer-reviewed grid validates the physics. [0 EXPERIMENTAL — contested, extrapolated, or

purely theoretical.

RCT FILTER — Controlled Studies is ON for interventions (a
forced action must beat a control) and OFF for mechanisms (so
foundational neuroscience isn't blocked).

THE DREAM MACHINE INITIATE SYSTEM UPDATE

Ready to debug your own source code?
Scan to access the cybernetic manual
and reboot your cognitive architecture
today. — dreammachine.systems

OPERATING SYSTEM FOR THE SOUL

You are complex biological hardware running outdated psychological software. The Dream
Machinetranslates rigorous IT architecture — security auditing, network protocols, load
balancing — into actionable, peer-reviewed models for mental resilience: debug burnout,
configure a hallucination firewall against cognitive distortions, and patch your internal OS
with hard logic and verified neuroscience.
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Yes, rhythmic auditory stimulation can produce transient theta entrainment and
connectivity changes, but effects are stimulus-specific.

1. Introduction

Rhythmic auditory stimulation and drumming do induce transient theta-band brain responses in at least some paradigms,
but the evidence is stronger for short-lived entrainment during stimulation than for a uniform, reproducible increase in theta
power across tasks and populations. Auditory closed-loop stimulation during REM sleep entrained EEG activity to 5 Hz and
produced a brief roughly 0.5 s theta increase, followed by suppression, showing that auditory theta manipulation is possible
but temporally limited (Harrington et al., 2020). Real 5 Hz rhythmic TMS during auditory working-memory training also
increased theta activity in the dorsal auditory/frontoparietal pathway, though that is adjacent causal evidence rather than
auditory sound stimulation itself (Whittaker et al., 2024). By contrast, short steady-state binaural beat studies often failed to
show clear cortical theta entrainment (Goodin et al., 2012; Vernon et al., 2014).

The connectivity literature is more consistently positive. Music listening, rhythmic auditory cueing, binaural beats, and
drumming repeatedly altered functional connectivity or coherence, but the direction and frequency band depended on the
stimulus and population. Examples include increased theta-band phase coherence after tailored music in tinnitus (Zhu &
Gong, 2024), greater fronto-centroparietal and fronto-temporal connectivity after rhythmic auditory stimulation gait
training in Parkinson’s disease (Calabré et al., 2019), increased auditory-cortex interhemispheric coherence during binaural
beats (Solca et al., 2016), and increased resting-state connectivity after weeks of drum training in healthy novices and
autistic adolescents (Amad et al., 2016; Cahart et al., 2022).

Does rhythmic auditory stimulation or drumming induce transient theta-band brainwave entrainment and alter

functional brain network connectivity?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1 Consensus on entrainment and connectivity effects

2. Methods

The search ran over more than 170 million research papers in Consensus, drawing from Semantic Scholar, PubMed, and
other sources. The workflow identified 396 directly matched papers, expanded through citation crawling and targeted
searches, screened 240 machine-filtered records, judged 150 as eligible after relevance filtering, and included the top 50
human controlled studies for synthesis.

Search Strategy
708. 3K 2K 50
> >
Retrieved Eligible Included
Q 22 searches Papers meeting relevance and quality Top papers selected to be included in the
criteria, after deduplication final analysis

L9 1citation graph use

All papers retrieved from 22 searches and 1

citation graph use.

FIGURE 2 Deep search screening and inclusion flow

The strategy combined direct queries, theta-focused rewrites, null-effect searches, and adjacent stimulation literatures to
test both positive and negative claims.
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3. Results

3.1 Key Papers

The anchor studies split into two clusters: direct auditory entrainment experiments and network-connectivity interventions.
Harrington et al. provide the clearest direct demonstration of transient auditory theta entrainment (Harrington et al., 2020),
while Perez et al. and Solca et al. show that auditory beats can alter connectivity patterns even when classical entrainment
is weak or shifts into another band (Perez et al., 2019; Solca et al., 2016).

Paper Summary

(Muijib et al., 2025) Brief 5 Hz auditory entrainment during REM sleep (Harrington et al., 2020)

(Goodin et al., 2012) Beat-frequency ASSR with cross-frequency connectivity shifts (Perez et al., 2019)

(Yang et al., 2025) Drumming training increases resting-state sensory-motor connectivity (Amad et al., 2016)

FIGURE 3 Foundational papers in this corpus

3.2 Theta Entrainment

Direct theta-band entrainment appears in some, but not most, auditory studies. Closed-loop 5 Hz white-noise stimulation
in REM produced immediate EEG entrainment and a brief theta increase, then rebound suppression, making the effect

clearly transient rather than sustained (Harrington et al., 2020). A sleep-induction protocol using 6 Hz binaural beats plus
ASMR also reported theta-power induction, with the combined stimulus outperforming its components (Lee et al., 2019).

Very slow monaural beats increased theta only late in a 10-minute relaxation period (Costa et al., 2024).

Null findings are also common. Two-minute high-density EEG exposure to 7 Hz binaural beats did not alter cortical

frequency power relative to control (Goodin et al., 2012). Ten minutes of alpha or beta binaural beats likewise showed no

frequency-following EEG effect (Vernon et al., 2014). Even when beat stimuli modulated networks, binaural beats

sometimes weakly entrained cortex compared with monaural controls (Perez et al., 2019).

3.3 Connectivity Changes

Rhythmic Auditory

Dimension Stimulation

Main effect Greater task-related
electrode connectivity
(Calabrd et al., 2019)

Frequency Sensorimotor rhythms

specificity plus fronto-temporal
networks (Calabré et al.,
2019)

Direction Usually increased

integration with cueing
(Calabré et al., 2019)

Binaural Or Musical Beats

Coherence/connectivity modulation during
stimulation (Zhu & Gong, 2024; Solca et al.,
2016)

Theta in tinnitus, alpha in auditory cortices,
cross-frequency in BBs (Zhu & Gong, 2024;
Solca et al., 2016; Perez et al., 2019)

Mixed increases and decreases by network
(Zhu & Gong, 2024)
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Drumming

Resting-state FC increases
after training (Amad et al.,
2016; Cahart et al., 2022)

Mostly fMRI network-level
rather than EEG-band-
specific (Amad et al., 2016;
Cahart et al., 2022)

Increased sensory-motor
and executive coupling
(Amad et al., 2016; Cahart
et al., 2022)
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Rhythmic Auditory

Dimension Stimulation Binaural Or Musical Beats Drumming

Time scale After 8-week gait During or immediately after stimulation After 8-week training
training (Calabré et al., (Zhu & Gong, 2024; Solca et al., 2016) (Amad et al., 2016; Cahart
2019) etal., 2022)

FIGURE 4 Connectivity effects across auditory and drumming paradigms

Key differences are that auditory cueing often changes connectivity acutely during or soon after stimulation, whereas
drumming studies mainly show plasticity after repeated training. Connectivity effects are also more reproducible than theta
entrainment itself (Calabré et al., 2019; Amad et al., 2016).

3.4 Population And Paradigm Differences

Clinical populations often show the clearest network effects. In tinnitus, tailored notched music increased theta-band
phase coherence between auditory and limbic-paralimbic regions (Zhu & Gong, 2024). In Parkinson’s disease, music
listening slightly compensated reduced theta/alpha interactions and enhanced frontotemporal interhemispheric
communication, while binaural-rhythm stimulation decreased theta activity and generally normalized functional
connectivity (Maggioni et al., 2021; Galvez-Garcia et al., 2017). In older adults, music training reduced task-related theta
connectivity during response suppression, suggesting neural efficiency rather than simple enhancement (Lu et al., 2022).

Lower-ranked papers reinforce that rhythmic effects are frequency- and task-specific. During rhythmic speech, theta
entrainment often reflects acoustic tracking rather than higher-order specialization (Molinaro & Lizarazu, 2018). Binaural
beats can improve cognition with beta power changes rather than theta changes (Kim et al., 2023). Personalized brain-
wave music increased prefrontal theta and fronto-parietal-auditory connectivity, showing that auditory stimulation can
jointly alter oscillations and networks outside standard beat paradigms (Yang et al., 2025).

Results Timeline

19 7

11

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

FIGURE 5 Timeline of included studies, larger markers indicate more citations
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Top Contributors

Type Name Papers

Author Jing Lu [39432c17b0d559e6a06ef8e2b0f3f7d4][245e13259b865954add779106ce33cf5]
[00301088965556949bcae4b4ach54b16][eca9f8a9174c5b0bb89bf97¢ca5778600]

Author Robert J. Zatorre [dc8dd3e307fe57e6b3b2030c16d9e0ac][b2cd2f4e2542592ea94b4b2917¢c7d759]
[7762b091b85f54d295f3dcd195¢cf4324]

Author Michael Thaut [e40bdf762c28580ea973d3886534adce][36b302d6c6665f6c8c3b3409e4e99e9f]

Journal Neurolmage [2acb8939ed115812a72¢c673d2312d651][d5eabe00efbf5319924a0b72098651b4]
[01e5398051c85cbcb0f91c37ef58ece3][ff85c68c580f57808cceel22¢3e3796b)]

Journal Frontiers in Aging [1d455eacf8cd5ch4bc6e2ble38e6c190][d2dee974d9besefab97fbb5084b04de0]
Neuroscience

Journal Sleep [d5a4c0bd19fa5a7895785aac608882bb][3db32b6d31735228bd629cca54a148be]
FIGURE 6 Authors and journals appearing most in corpus

4. Discussion

The literature supports a qualified “yes.” Auditory rhythms can transiently entrain theta activity, but the cleanest evidence
comes from tightly phase-locked or sleep-state paradigms rather than everyday music or generic binaural beats
(Harrington et al., 2020; Goodin et al., 2012). That pattern fits broader evidence that theta tracking is highly state-, task-,
and stimulus-dependent (Molinaro & Lizarazu, 2018; Power et al., 2013).

The connectivity question is less ambiguous. Across EEG and fMRI, rhythmic auditory cueing, music listening, tailored beat
stimulation, and drumming alter communication among auditory, motor, executive, and limbic networks (Calabro et al.,
2019; Zhu & Gong, 2024; Amad et al., 2016; Cahart et al., 2022). However, “alter” does not always mean “increase”: some
studies report reductions or normalization of overconnected or inefficient networks, especially in Parkinson’s disease,
depression, and inhibitory-control tasks (Galvez-Garcia et al., 2017; Qiu et al., 2022; Lu et al., 2022).

A major limitation is heterogeneity. The corpus mixes acute auditory entrainment, therapeutic music listening, gait cueing,
and weeks-long drumming training, so a single mechanism cannot explain all findings. Sample sizes are often small, null
studies exist, and several positive papers are clinical or proof-of-concept rather than large preregistered replications (Qiu et
al., 2022; Mujib et al., 2025; Whittaker et al., 2024; Goodin et al., 2012).

Evidence
Claim Strength Reasoning Papers
Auditory rhythmic Direct demonstrations exist, but REM closed-loop auditory
stimulation can transiently effects are brief and paradigm- stimulation (Harrington et al.,
entrain theta-band Moderate specific. 2020); 6 Hz BB+ASMR
activity. protocol (Lee et al., 2019)
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iC Consensus

Claim

Rhythmic auditory
stimulation and music alter
functional brain
connectivity.

Drumming training
changes large-scale brain
networks after repeated
practice.

Generic short-exposure
binaural beats reliably
entrain theta cortex.

Connectivity changes are
specifically theta-band
across paradigms.

Evidence
Strength

Strong

Strong

Weak

Moderate

FIGURE 7 Key claims and evidence strengths

5. Conclusion

Reasoning

Reported across multiple
modalities, populations, and
measures.

Two longitudinal fMRI
interventions show convergent
resting-state FC increases.

Several controlled studies report
weak or absent classic
entrainment.

True in some tinnitus and music
studies, but many effects occur in
alpha, beta, or cross-frequency
bands.
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Papers

(Calabré et al., 2019; Zhu &
Gong, 2024; Amad et al., 2016)

(Amad et al., 2016; Cahart et
al., 2022)

(Goodin et al., 2012; Vernon et
al., 2014; Perez et al., 2019)

(Zhu & Gong, 2024; Solca et
al., 2016; Calabro et al., 2019)

Rhythmic auditory stimulation or drumming does induce measurable neural effects, but the strongest conclusion is

asymmetric: transient theta entrainment is possible, whereas functional network modulation is more consistently

demonstrated. The theta effect is best supported for precisely timed auditory stimulation and some specialized beat

paradigms, while drumming evidence mainly supports training-related reorganization of auditory-motor and executive
networks rather than immediate theta entrainment (Harrington et al., 2020; Amad et al., 2016; Cahart et al., 2022).

Research Gaps

The main gaps are standardization, direct head-to-head comparisons, and time-resolved measurement of how entrainment
transitions into longer-lasting connectivity change.

Network
specificity

Acute theta
entrainment

Long-term
follow-up

Healthy vs clinical
generalization

Topic/Outcome

Binaural beats

Rhythmic auditory cueing for
movement

Drumming interventions
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Acute theta Network Long-term Healthy vs clinical
Topic/Outcome entrainment specificity follow-up generalization
Music listening therapies 3 3

Open Research Questions

Future work should test whether the same auditory rhythm that maximizes transient theta locking also maximizes clinically
useful network reconfiguration.

Question Why

Do auditory rhythms that produce the strongest short- This would link immediate electrophysiological locking to
latency theta entrainment also produce the largest lasting longer-term plasticity rather than treating them as separate
connectivity changes? phenomena.

Does drumming induce acute theta-band entrainment Existing drumming studies emphasize pre-post fMRI
during performance, or mainly delayed training-related connectivity, leaving the real-time oscillatory mechanism
network plasticity? largely unresolved.

Which subject factors best predict positive versus null Null and positive studies coexist, suggesting substantial
entrainment responses to binaural or rhythmic auditory dependence on state, diagnosis, task, and stimulation
stimulation? design.

Overall, rhythmic auditory stimulation and drumming do alter brain dynamics, but robust connectivity effects are more
reproducible than broad claims of theta entrainment.

These search results were found and analyzed using Consensus, an Al-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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