Inner speech BCI: turning action words into control signals.
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BACKGROUND MATERIAL & METHODS

e Embodied Cognition: Processing action language relies on the same| o Study Group: 29 healthy Spanish speakers; 8-channel EEG recording (250 Hz).
neural systems used for physical movement (Barsalou, 2008 & 'e Conditions:

Pulvermuller, 2005). e Motor Imagery: Mental rehearsal of hand/leg movements.
* Somatotopic Activation: Action words (AW) like "kick" or "grasp” trigger o Action Words: Rehearsing high-sensorimotor verbs (e.g., Write, Kick).
specific motor cortex regions (Hauk, et al 2004 & Aziz-Zadeh, et al 2000).
e Objective: Evaluating AW as a more intuitive, less cognitively demanding
Brain-Computer Interface (BCIl, Wolpaw et al 2002) control signal
compared to Motor Imagery (Ml) and Motor Observation (MO).

e Motor Observation: Viewing 1st-person videos of corresponding actions.

e Signal Processing: 1-40 Hz filtering, artifact rejection (ASR, ~82% data
retention), and Common Average Referencing (CAR).

o Feature Engineering: Hybrid approach combining temporal ERP mean
amplitudes and spectral-spatial FBCSP patterns (8—30 Hz). 60 features in total.

Action Perceptual Sensorimotor e Classification: Top 10 features selected via mRMR for a linear SVM to
Hapic distinguish Arm vs. Leg intent in a 5-fold cross-validation training.
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CONCLUSIONS

» Classification Accuracy: Offline performance was comparable across all tasks (AW: 0.58; MI/MO: 0.60).

* Generalization: AW demonstrated genuine prediction, generalizing to "unseen" words during online trials (0.55) and outperforming Ml (0.54).
* Neural Signatures: Ml produced the strongest somatotopic signals, while AW generated rapid, subtle patterns useful for semantic priming.

» Subjective Preference: AW was rated as the easiest to learn and most convenient paradigm.

 Reduced Workload: Participants reported lower cognitive fatigue and higher perceived performance using AW compared to MI-BCI.

* Accessibility: Linguistic motor cues offer a more intuitive interface, potentially lowering the barrier to entry for new BCI users.
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