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Real-time Neurofeedback for Attention Training: Brainwave-based Brain Computer Interface

Introductions:

. However, human subjects are required to be motionless inside the MRI scanner during brain training. This present work aims to develop a more convenient, cost-effective neurofeedback BCI system with higher temporal resolution using online processing of electroencephalography (EEG) signals and event-related potential (ERP) features associated with cognition.

Methods:

Four healthy subjects (Age 21-42) participated in the experiment. Figure 1 shows the schematic flowchart of the proposed system using a modified sustained attention task [START_REF] Debettencourt | Closed-loop training of attention with real-time brain imaging[END_REF]. A wireless headset (Emotiv EPOC device) with 14 channels was utilized for EEG monitoring. We conducted both training experiments and neurofeedback experiments. Each participant experienced 8 blocks of training. Each block contains 50 trials of images. Each block starts with a one second cue texture displaying the targeted picture and then follows with 50 trials of composite images. Each image is a superimposed transparent image of face and scene. Of all images, 50% of them contain a male face and the other 50% contain a female face. Likewise, 50% of the images contain an indoor scene and the other 50% contain an outdoor scene. The subject was instructed to maintain sustained attention for the task relevant target stimulus (e.g. female face) and ignore the other stimulus (e.g. male face). Importantly, we developed a new classification model using support vector machine (SVM) analysis of complex EEG and ERP features (including ERP N170, P300). Given the individual differences in human cognition [START_REF] Cicerone | Evidence-based cognitive rehabilitation: updated review of the literature from 2003 through 2008[END_REF], each participant has personalized training sessions. To avoid overfitting, classification results were calculated based on "leave-one-out" cross validation.

Results:

The 4 subjects experienced a total of 1600 trials of images. Table 1 shows that the SVM classification results yield an overall average accuracy of 73.5%, which is comparable to classification using fMRI [START_REF] Debettencourt | Closed-loop training of attention with real-time brain imaging[END_REF]. Then, the classification model was implemented into the neurofeedback experiments. Neurofeedback was provided based on ERP/EEG responses underlying sustained attention. When a subject loses focus of attention, the framework decreased the clarity to the task relevant stimulus. When the attention is improved, the neurofeedback was rewarded by increased clarity of target image in the superimposed picture. In real-time, the new composite of the superimposed stimuli was updated for the next trial. In addition, subjects reported comfortable controllability in adjusting the clarity of the composite images. Thus, the success rate of the newly developed BCI real-time ERP platform is comparable to the fMRI system developed by others [START_REF] Parasuraman | Individual differences in cognition, affect, and performance: Behavioral, neuroimaging, and molecular genetic approaches[END_REF].

Conclusions:

We have developed a brain-wave based neurofeedback BCI system for attention training. We conducted validation experiments to show that EEG/ERP features can be used to distinguish between attention states to targets and distractors. Individualized brain activity associated with attentional states of the targeted picture was classified using complex features of EEG/ERP signals. Neurofeedback on attention state was given to the subject by adjusting the clarity of the targeted visual stimuli based on the online processing of the subject's brainwaves. 
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 1 Figure 1. Schematic flowchart of the developed neurofeedback system using real-time EEG/ERP monitoring and evaluation of attention state (facial images used with permission).

Table 1 .

 1 Classification Analysis for Neurofeedback Training (n=1600 trials)

			Image Modulation		
			Target	Distraction	
	Output of Brain	Target	TP= 40%	FP=9.5%	PPV=80.8%
	Activity				
		Distraction	FN=17%	TN=33.5%	NPV=66.3%
			Sens.=70.1%	Spec.= 77.9%	Acc.=73.5%
	TP=True Positive; FP=False Positive; FN=False Negative; TN=True Negative;
	Sens.=sensitivity; Spec.=specificity; Acc.=accuracy; PPV=positive predictive value;
	NPV=negative predictive value.			

Our testing results have shown that the novel BCI platform based on combined EEG & ERP features has great potential application in attention training in healthy persons and patients with cognitive deficits.