
Characterising brain-body interactions underlying expert 
performance in video games

Mohammadreza (Danial) Alizadeh, Peter Holland and Maria Herrojo Ruiz

References
1. Coronel-Oliveros C, Medel V, Orellana S, Rodino J, Lehue F, Cruzat J, et al. Gaming expertise induces meso-scale brain plasticity and efficiency mechanisms as revealed by whole-brain modeling. Neuroimage. 2024;293:120633.

2. Martinez L, Gimenes M, Lambert E. Video games and board games: Effects of playing practice on cognition. PLoS One. 2023;18(3):e0283654.

3. Wang M, Dong G, Wang L, Zheng H, Potenza MN. Brain responses during strategic online gaming of varying proficiencies: Implications for better gaming. Brain Behav. 2018;8(8):e01076.

4. Hilla Y, von Mankowski J, Focker J, Sauseng P. Faster Visual Information Processing in Video Gamers Is Associated With EEG Alpha Amplitude Modulation. Front Psychol. 2020;11:599788.

5. Yun, K., Doh, S., Carrus, E., Wu, D.-A., & Shimojo, S. (2017). Neural correlates of flow using auditory evoked potential suppression. arXiv. https://arxiv.org/abs/1711.06967

6. Johannknecht, M., & Kayser, C. (2022). The influence of the respiratory cycle on reaction times in sensory-cognitive paradigms. Sci Rep, 12(1), 2586. https://doi.org/10.1038/s41598-022-06364-8

7. Chen, W.-Y. (2013). Appendix E: Body Perception Questionnaire. NeuroInvesting, 205–211. https://doi.org/10.1002/9781118638279.APP5

8. Abeele, V. vanden, Spiel, K., Nacke, L., Johnson, D., & Gerling, K. (2020). Development and validation of the player experience inventory: A scale to measure player experiences at the level of functional and psychosocial consequences. International Journal of Human-Computer Studies, 135, 102370. https://doi.org/10.1016/J.IJHCS.2019.102370

9. Jachs, B., Camino Garcia, M., Canales-Johnson, A., & Bekinschtein, T. A. (2022). Drawing the experience dynamics of meditation. BioRxiv. https://doi.org/10.1101/2022.03.04.482237

10. AntiMicroX. (2023). AntiMicroX (Version 3.3.4) [Computer software]. GitHub. https://github.com/AntiMicroX/antimicrox

11. Kluger, D. S., Erdbrügger, T., Stier, C., Höltershinken, M. B., Abbasi, O., Saltafossi, M., Unnwongse, K., Wehner, T., Wellmer, J., Gross, J., & Wolters, C. H. (2025). Respiratory modulations of cortical excitability and interictal spike timing in focal epilepsy: A case report. Communications Medicine, 5, Article 108. https://doi.org/10.1038/s43856-025-00811-z

12. Wilson, L. E., da Silva Castanheira, J., & Baillet, S. (2022). Time-resolved parameterization of aperiodic and periodic brain activity. eLife, 11, e77348. https://doi.org/10.7554/eLife.77348

MSc in Computational
Cognitive Neuroscience

Introduction & Background

Neuroplasticity and mental flexibility in 

gamers, along with immersive 

graphics that engage somatosensory 

and higher-order cortices, make video 

games a promising tool in research 

and therapy (1-3).

Greater post-stimulus α power 

attenuation correlated with faster 

visual information processing, 

specifically in gamers (4).

During flow in shooter games, 

increased β-band activity in the 

anterior cingulate and temporal pole, 

aligned with better performance (5).

Early exhalation aligned with faster 

reaction times in sensory-cognitive 

paradigms (6).

Rationale

While neural correlates of gaming 

expertise are known, the brain–body 

interactions, particularly respiratory-

neural coupling and cardiac dynamics 

underlying expert performance and the 

flow state, remain understudied. We 

address this gap by integrating EEG, 

ECG, respiration, in-game event, and 

controller data in a single protocol.

Hypotheses

Gaming performance can be predicted by α/β-

band dynamics.

Greater coupling between brain oscillations and 

bodily rhythms, along with balanced autonomic 

activity, predicts better gaming performance.

Greater variability in the modulation of bodily 

signals is associated with increased enjoyment 

and reaching the flow state during gameplay.

Experimental Design

Participants: 22 frequent gamers                                                                                                   

(16 men and 6 women, aged 18–31 years,                                                                                      

each playing at least one hour per day).

Measurements:  Self-Report (Demographics; Body Perception Questionnaire (BPQ) (7); Video 

Game Experience Questionnaire; Player Experience Inventory (PEI) (8); Temporal Experience 

Tracing (TET) (9)• Neural data (64-channel ANT Neuro EEG at 500 Hz) • Cardiac data (standard 

two-lead ECG for heart rate variability) • Respiratory data (thoracic respiration belt) • In-game 

event logs (developer build of Outriders game) • Controller input logs (button presses via 

AntimicroX) (10)

Procedure: After consent and completion of gaming-experience and BPQ questionnaires, 

participants were fitted with neurophysiological sensors and instructed to breathe nasally. A 5-

minute eyes-open fixation served as a baseline recording. They played for 90 minutes, aiming to 

reach the first raid boss, “Gauss”. Lastly, all equipment was removed and participants completed 

the PXI and TET questionnaires before debriefing.

Data Analysis

EEG data underwent continuous artefact rejection, ICA, band-pass filtering and denoising in 

EEGLAB. All neurophysiological signals were resampled to 250 Hz in FieldTrip. Respiratory-phase 

extraction followed Kluger et al. (2025) (12): thoracic-belt trace was z-scored, outliers removed, 

and missing data spline-interpolated. MATLAB’s findpeaks detected inspiratory peaks and labelled 

0 rad; the minima (expiration troughs) between consecutive peaks were labelled ±π rad. 

Instantaneous phase was computed via linear interpolation between these anchors.

Time-resolved EEG spectral features were extracted via short-time Fourier transform; aperiodic 1/f 

slope estimated using SPRiNT indexed cortical excitability (13). Slopes were phase-tagged to 

respiration (60 bins, Δω = π/30) to compute phase-locked modulation indices. ECG metrics 

(RMSSD, LF, HF, LF/HF) will be used to assess brain–autonomic coupling. Group-level effects will 

be tested using cluster-based permutation tests and linear mixed-effects models, with predictors 

including α/β-band and cardiorespiratory dynamics. Outcomes included performance (kills, deaths) 

and flow ratings (PXI, TET), with participant ID as a random intercept. Analyses were performed in 

MATLAB R2022b using EEGLAB 2023, FieldTrip 20230812, SPRiNT 1.2, and SPM12.

Preliminary 
Results

Preliminary analyses 

linked greater post-

failure β suppression 

with faster learning 

and better 

performance. Bodily 

signals arousal also 

predicts performance 

variations and is 

positively correlated 

with enjoyment.

Future Directions

Implications: Findings support future interoceptive and 

biofeedback interventions to help athletes and video gamers 

break records, ADHD individuals regain focus, patients with 

affective disorder regulate emotions, and boost cognition in 

the general population.

Limitations & Next steps: Sample size, heterogeneity in 

gaming expertise, and the cross-sectional nature may limit 

generalizability. Future studies should include diverse game 

genres, larger and gender-balanced samples, and examine 

causal mechanisms through interventions such as breathing 

training or neurofeedback.
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