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Introduction Results

Motor imagery (MI) is widely used for BCIl control. However, as an internally directed task, Ml may compete
for attentional resources with external interaction [1]. Attempted movements (AM) provide an alternative for
patients with paralysis [2]. AM involve an effort to perform an actual movement without overt movement and Mean QM/MI classification accuracy over the entire
induce EEG changes similar to those observed during MIl. Quasi-movements (QM) - movements minimized

until muscle activity disappears — have been proposed as an experimental model of AM in healthy 1.0
individuals [3].

However, QM produce no natural sensory feedback, making them a potentially unnatural experience. Can
BCl-mediated feedback make QM more natural and effective for control?

Here, for the first time, we investigated QM for controlling a hybrid eye-brain-computer interface (EBCI).
Participants selected objects semi-passively with their gaze and then activated the BCI using either QM or
MI, while visual feedback guided the precise timing of task termination.
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Methods BCI Control Performance

Initiation phase Main phase Termination phase

Participants: 18 healthy participants. All participants had Mean Number T Percentage of Mean Number
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Movement: Abduction of the right thumb

| |
Ml QM

Equipment
Eye tracking: EyelLink 1000 Plus (SR Research), 500 Hz

EEG (64 channels) & EMG: NVX136, 1000 Hz Which condition allowed you to perform better in the game? (MI) How vivid was the — (QM) How often did you have to
imagined movement? pay attention to the movement

Subjective Assessment of Control Quality Real-Time BCI Experience Effects
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F(2,34)=.747, p=.481 F(2, 34)=3.301, p=.049;

2. Fourier Transform -> post-hoc 1-vs-3: p=.008

optimal  frequency  bins Automaticity of the MI/QM

O
selected by Fisher’s criterion How often were you able to explode a star Conc' us'°n

) without shifting your attention to performing
Features: power of selected the MI/OM task?

005 0 005 CSP  components  within very ' For the first time, QM were successfully implemented for
channel contribution individual p-bands [4]. often | - the real-time BCI control with feedback.

(group average)
Classification:  participant-specific Naive Bayes . Bot.h QM and Ml gnabled effective control of the hybrid eye-
classifier. , brain-computer interface.

Real-time classification Contrary to our hypothesis, QM did not outperform Ml in
Classifier output rate: 10 Hz | ’ either objective BCI performance or subjective experience.
Command generation: based on 10 consecutive T 1 Participants who preferred Ml reported that QM were more

classifier outputs (i.e., one command per second). . . e .. . .
puts ( P ) M QM difficult to perform, requiring continuous control to avoid

t(17) = -1.584, p = .132 t(17) =-2.598, p =.019 overt movement.

AstroSync Game QM provide a feasible alternative to MI, but their
Experimental Design effectiveness may depend on individual strategy and

training.

Game field: 10 stars and Goal: score as many points as possible.

mini-stars (reward points). Future Directions
Game interaction: Training MI/QM BCI:

1. Select a star by gaze (500 ms dwell time). Optimize QM instructions and feedback (faster, more
2. Interact with the selected star by congruent feedback).

performing the MI/QM at the appropriate Calibration ;tionnaire ] Provide more extensive QM training

time. session #1

Evaluate QM-based BCI control in clinical populations (for
Qﬂonnalre J a pilot clinical study with a rehab BCI| exoskeleton, see [5]).

Feedback — mini-star color:
green: points awarded;
red: points deducted.

Investigate the effects of long-term BCI training.
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e MI/QM must be initiated at the
correct time, as a premature start
blocks interaction with the star.

after the “end” signal results in
penalty points.
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