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ABSTRACT 
 

Technological innovations are now an integral part of healthcare. Brain-computer interface (BCI) is a novel 

technological intervention system that is useful in restoring function to people disabled by neurological 

disorders such as attention deficit hyperactivity disorder (ADHD), amyotrophic lateral sclerosis (ALS), 

cerebral palsy, stroke, or spinal cord injury. This paper surveys the literature concerning the effectiveness of 

BCI on attention in subjects under various conditions. The findings of this scoping review are that studies 

have been made on ADHD, ALS, ASD subjects, and subjects recovering from brain and spinal cord 

injuries. BCI based neurofeedback training is seen to be effective in improving attention in these subjects. 

Some studies have also been made on healthy subjects.BCI based neurofeedback training promises 

neurocognitive improvement and EEG changes in the elderly. Different cognitive assessments have been 

tried on healthy adults.   From this review, it is evident that hardly any research has been done on using BCI 

for enhancing attention in post-stroke subjects. So there arises the necessity for making a study on the 

effects of BCI based attention training in post-stroke subjects, as attention is the key for learning motor 

skills that get impaired following a stroke. Currently, many researches are underway to determine the 

effects of a BCI based training program for the enhancement of attention in post-stroke subjects. 
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1 Introduction  

In the world today, technology is inevitable in every aspect of life. 

Healthcare is an important industry in which technology plays a 

crucial role. Technological innovations are indispensable for 

treating disorders and sustaining health. This paper surveys studies 

on how brain-computer interface (BCI) has made inroads into 

cognitive rehabilitation, specifically in improving attention. 

Attention is a cognitive function that selects and acts on a 

particular stimulus among many other stimuli. It processes sensory 

stimuli and mental tasks like memory and thoughts (Esghaei & 

Daliri, 2014; Treder et al., 2014). William James, one of the most 

influential psychologists asserts that it is the taking possession of 

one out of several simultaneously possible objects or trains of 

thought, by the mind in clear and vivid form. He points out that 

attention is the focalization and concentration of consciousness 

(James,1891). 

Sustained attention is the capacity to concentrate on a particular 

task for a long period without being distracted. Concentrating on 

reading or writing is an example. Improvement in attentional 

processing and reduction of reaction time to the target stimuli are 

the result of the training of sustained attention such as meditation 

(Lutz et al., 2009). Alternative attention indicates flexibility in 

mental activity. An example is reading instructions (learning task) 

and fixing an instrument according to the instructions (execution 

task). In other words, it is the alternating of concentration between 

two different cognitive tasks. An increase in mental fatigue is 

associated with impairment in alternative attention (Kawatani et 

al., 2011; Mizuno et al., 2011). The ability to select a particular 

stimulus among various stimuli is called selective attention. 

Recognizing a particular voice in a noisy surrounding is an 

example of selective attention. While selecting a particular signal 

among different signals, the reaction time and place of the target 

stimulus may be better predicted, and this improves the judgment 

of the task (Spence & Driver, 1997; Spence et al., 2001). Divided 

attention is the performance of two or more tasks simultaneously, 

so that attention is divided among these tasks. Attentional and 

processing resources are assigned differently between dual tasks in 

divided attention (Shapiro et al., 2006). 

In the field of neurological rehabilitation, evaluating and managing 

cognitive function is an ingenious and hardly explored area. 

Attention Process Training (APT) method has been studied and 

found to be a valuable intervention method for patients with 

attention-deficit. However, this method has certain limitations like 

limited generalizability to wider samples, chance findings, and 

influenced outcomes. 

The use of Brain-Computer Interface (BCI) to enhance motor and 

cognitive recovery is a novel approach. The use of BCI has certain 

advantages of brain activation monitoring, in particular, the 

monitoring of the global level of attention concerning a task, and 

the level of interhemispheric balance (Carelli et al., 2017). The 

need arises for the study on the use of BCIs for cognitive training 

to improve the patients’ clinical conditions. Further, the treatment 

may be made more efficacious by providing real-time feedback, 

which enhances neural plasticity. The use of BCIs to improve 

attention has not been much explored. Some reviews discuss the 

current status of BCI interventions in varied uses. Studies in this 

area include BCIs using auditory, tactile, and motor imagery-based 

designs (Naci et al., 2012; Muller-Putz et al., 2013). BCI is a non-

invasive biofeedback system that can be used in training for 

cognition, emotion function, and motor learning (Daly & Huggins, 

2015). In BCI intervention, functional magnetic resonance imaging 

(fMRI), Functional near-infrared spectroscopy (fNIRS) and 

electroencephalography (EEG) can be used to restore some 

communicative ability in these patients (Luaute et al., 2015). 

Among the non-invasive methods available for recording brain 

activity, EEG and fNIRS seem to be the best potential candidates 

for usage in post-brain injury rehabilitation (Dokkum et al., 2015). 

BCI in conjunction with a 3D virtual environment is found to be 

effective in the treatment of post-stroke patients (Denis et al., 

2007). The combination of BCI-MI plus orthosis with physical 

training may help to improve upper limb motor control post-stroke 

(Ramos-Murguialday et al., 2013). 

Improving attention in patients with disorders of attention using BCI is 

a relatively new approach. BCIs use mathematical algorithms to 

decipher nerve impulses. Patients can monitor the activity of their brain 

at the time of occurrence and regulate it by themselves. This is called 

―neuro bio-feedback therapy‖. BCIs commonly utilize EEG 

recordings, magnetoencephalography (MEG), near infra-red 

spectroscopy (NIRS), functional magnetic resonance imaging (fMRI), 

electrocorticography (ECoG), and multi-electrode intracranial implants 

(Mehdi et al., 2016). Meta-analyses and randomized controlled trials 

conducted on ADHD have shown that three standard neurofeedback 

training protocols are specific – theta/beta (TBR), sensorimotor rhythm 

(SMR), and slow cortical potential (SCP) (Enriquez-Geppert et al., 

2019). A meta-analysis with 10 randomized controlled trials shows that 

the effects of neurofeedback in ADHD children increase in time, while 

the medication effects diminish with time, thus suggesting the long-

term efficacy of neurofeedback (Van Doren et al., 2018). Some studies 

have been done on real time (RT) brainwave based neurofeedback for 

improving attention in older adults combating cognitive decline and 

brain aging (Jiang et al., 2017). 

We here present a scoping review about BCI applications dealing with 

attention issues, in both healthy individuals and subjects with various 

cognitive impairments such as attention deficit hyperactivity disorder 

(ADHD), amyotrophic lateral sclerosis (ALS), autistic spectrum disorder 

(ASD), post stroke disabilities, cognitive deficit following brain and 

spinal cord injuries, and dementia. 
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2 Materials and Methods 

From February to April 2020, we searched the databases PubMed, 

Web of Science, and Scopus, using the search phrase ―brain 

computer interface in attention‖. Since attention disorders come 

under a cognitive deficit, the terms ―BCI or brain computer 

interface on cognition‖ were also included in the search. As BCI is 

a method of neurofeedback training, we later included the phrase 

―Neurofeedback training on attention using BCI‖.  Most of the 

studies selected for this review are on training attention using BCI, 

but a few studies on evaluating attention while performing another 

motor task have also been included. A total number of 618 studies 

have been found with PubMed, 2282 studies with Web of Science, 

and 2313 studies with Scopus, using the above terms. 

We filtered the search down to 23 researches relevant to this 

review, which are included in Tables 1-5. The study samples 

included in this review cover both subjects affected by cognitive 

impairments and healthy subjects without any such cognitive 

deficit. Only studies in English have been considered in this 

review. 

3 Results and Discussion 

3.1 BCI in Attention Deficit Hyperactivity Disorder (ADHD) 

Brain-computer interface has been experimented with as a 

neurofeedback therapy for ADHD. A BCI-based 3D game for 

attention training and rehabilitation was devised specifically for 

Table 1 BCI on Attention Deficit Hyperactivity Disorder (ADHD) 

Study 
Paradigm/ 

Signals 
Sample & Method 

Tested 

Variables 
Outcome Measure Limitations 

Lim et al. 

(2012) 

Frontal EEG 

Fp1 & Fp2 

20 ADHD unmedicated 

children (16M &74F) 6-

12yrs. 

3D graphic game 

(CogoLand) 

Inattention 

symptoms 

(accuracy& 

execution time), 

hyperactive 

impulsive 

symptoms. 

ADHD-Rating 

Scale based on the 

DSM-IV criteria 

Uncontrolled open-

label trial could 

have resulted in an 

exaggerated 

treatment effect. 

Munoz et 

al. (2015) 

 

Neuromodulation 

of Beta & Theta 

waves 

Children with ADHD 8-

13 yrs. without 

depression/                                                                                                                                                     

comorbidity. 

Mindwave neuro-

headset. Videogames 

Waiting ability, 

Planning ability, 

Ability to follow 

instructions & 

to achieve 

objectives. 

E-sense attention 

meter 

(Mindwave), 

Theta/Beta ratio. 

 

Qian et al. 

(2018) 

Frontal EEG Fp1 

& Fp2 

51 boys (ADHD) -- 

Intervention group (33) 

& Control group (18) 

 

3 BCI based training 

sessions per week for 8 

weeks, 

3D graphic game 

(CogoLand) 

Inattention & 

Internalizing 

symptoms 

Resting-state 

functional 

magnetic 

resonance 

imaging method, 

DHD-RS clinician 

inattention scores, 

Child behaviour 

checklist 

Physiological noise 

in the functional 

magnetic resonance 

imaging 

(fMRI) pre-

processing 

techniques. 

Clinical hetero 

geneity of ADHD 

not taken into 

account. 

Lim et al. 

(2019) 

EEG waves 

Fp1 & Fp2 

172 children with 

combined subtypes of 

ADHD aged 

6 to12. 

BCI training -3 sessions 

/ 8 weeks. 

3 follow-up training 

sessions / month - 12 

weeks 

Clinician-rated 

inattention 

symptoms, 

Short term efficacy, 

maintenance effect 

and long-term 

effect. 

ADHD rating 

scale (ADHD-

RS), Child 

behaviour 

checklist (CBCL) 

&Paediatrics 

adverse events 

rating scale 

(PAERS). 

The trial results 

cannot be 

generalized as 90% 

of the participants 

were males. 

Possibility of 

response bias 
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ADHD subjects (Jiang et al., 2011). In this approach, BCI 

technology is used to translate the user’s mental state of attention 

into game control. When the user controls a virtual hand's 

movement in a 3D animation technique, the BCI engine measures 

his/her attention level. This system is found to be more 

economical, engaging, and easier to use than the robotic based 

system. It can also be used in the treatment of patients suffering 

from neurological disorders caused by trauma. 

A group of researchers evaluated a BCI based attention training 

program for treating ADHD, which included dry sensors and blue 

tooth technology in place of EEG leads with a game CogoLand 

(Lim et al., 2012).  The training was given for eight weeks in 24 

sessions. A follow-up of booster training sessions was given for 

three months. After the intervention, the parents rated the 

significant improvement in inattentive and hyperactive-impulsive 

symptoms in the ADHD subjects. Children, who have inattentive 

and combined subtypes, are found to benefit from the treatment 

more generally than the hyperactive-impulsive subtypes. Studies 

on neuro-imaging have shown that the brain functions responsible 

for selective attention and response inhibition in children with 

ADHD may be functionally normalized by neurofeedback therapy 

(Beauregard & Levesque, 2006). The limitation of this study is an 

uncontrolled open-label trial, the parents who completed the 

behavioral rating scale were not blinded and the children’s school 

teachers presented a high non-response rate. 

A videogame was developed using a BCI to keep track of 

neurophysiologic signals (Munoz et al., 2015). The name of the 

game was ―The Harvest Challenge‖ and the setting was a coffee 

plantation. The games using an avatar were meant to boister up the 

waiting and planning abilities and the abilities to follow 

instructions and to achieve objectives. When these abilities are 

improved, inattention impulsiveness can be brought under control. 

The modulation of Beta and Theta waves, with the help of an 

electrode placed in the central part of the frontal lobe of the brain, 

was used for training sustained attention in children with ADHD. 

An experiment with a BCI based intervention was conducted to re-

normalize brain functional network topology in children with 

ADHD (Qian et al., 2018). The researchers used the resting-state 

fMRI method to examine the changes in the topology of brain 

functional networks. After training, it was found that the 

inattention symptoms of the intervention group had greatly 

reduced, compared to the non-intervention group. The BCI-based 

intervention can help to bring back to normalcy the topology of 

brain functional network associated with improvement in 

behaviour, and also expedite brain maturation in children with 

ADHD (Qian et al., 2018). The limitation of this study is that the 

ADHD subtypes, which may have a unique response of brain 

networks, are which not taken into consideration, due to the limited 

sample size. 

A randomized controlled trial (RCT) was carried out to find out 

whether inattentive symptoms in children with ADHD could be 

improved by administering a BCI based attention training 

programme for 8 weeks. A lower-intensity training was also given 

in the subsequent 12 weeks (Lim et al., 2019). The inattentive 

symptoms of ADHD showed significant improvement after the 

programme, when compared to the untreated wait-listed control 

group. Earlier studies across different populations have shown that 

ADHD subjects experience significant anxiety and mood 

symptoms which can increase their impairment (Jensen et al., 

2001; Xia et al., 2015). This BCI-based attention training 

programme alleviated these internalizing symptoms in the subjects 

under study. This is important because, if ADHD children develop 

anxiety symptoms during treatment, there is likely to be a poorer 

outcome (Sciberras et al., 2014).  As almost 90% of the 

participants in this study were males, the results of the trial cannot 

be generalized. Also, there is a possibility of response bias among 

the parents who participated. 

3.2 BCI in Amyotrophic Lateral Sclerosis (ALS) 

Studies on BCIs controlled by people with ALS have been 

conducted (Sciberras et al., 2014; Sellers et al., 2006; Hoffmann et 

al., 2008). A single-case report has demonstrated the possibility of 

long-term independent home use for severely disabled people with 

ALS (Sellers et al., 2010).  

Home based BCI use has made a significant contribution to the 

quality of life and productivity of the user. Some researchers 

investigated how attention and memory processes support the 

control of a P300-based BCI in people with ALS (Riccio et al., 

2013). The study was made on a sample of 8 subjects with ALS. 

They had to perform two behavioural tasks: a rapid serial visual 

presentation (RSVP) task, and a change detection task. A P300-

based BCI spelling task was also given to the participants. They 

concluded that the potential to keep the attentional filter active 

while choosing a target controls the BCI performance. 

In a further study, the capacity of a sample of ALS patients to 

control a P300-based BCI device for attention processing, 

concerning healthy subjects was investigated (Riccio et al., 2018). 

13 ALS subjects and 13 healthy volunteers in the same age group 

and with the same education were given a P300-speller BCI task 

and a rapid serial visual presentation (RSVP) task. The RSVP task 

was meant to assess the temporal attentional filtering capacity and 

the ability to improve the attentive filter in the periodic regularity 

of selective attention (Riccio et al., 2018). ALS patients showed 

changes in both the ability and the timing in the execution of the 

P300-speller task. The finding was that the lower capacity for ALS 

to control a P300-speller was related to the ability to filter a target 

stimulus temporally from among a crowd of stimuli. A central 

issue of BCI research is to develop assistive technology (AT)   
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devices to restore communication in people with severe motor 

disabilities (Millán et al., 2010). Attention is a complex territory of 

cognitive functions (Posner, 1975).There are many ways to 

measure the attention substrates. Different contexts and different 

approaches show different results and so a direct comparison is not 

possible. 

3.3 BCI in Autistic Spectrum Disorder (ASD)  

A clinical trial was made using a BCI to improve social attention in 

ASD (Amaral et al., 2018). The authors experimented with an EEG 

based BCI to train social cognition skills in ASD patients. Fifteen 

22-23-year-old ASD subjects underwent the trial and they were 

made to participate in a BCI training schedule using a virtual 

reality (VR) interface.  The training was spread over seven 

sessions in 4 months. The task consisted of identifying objects 

through the gaze direction of an avatar.  The EEG P300 component 

recorded the attentional responses. A follow-up assessment was 

made after six months. The subjects showed improvement in 

adapted behaviour composite and their depression level also 

decreased. The limitation of the study is that the primary outcome 

measure has not been validated clinically. For training social 

attention skills more efficiently, the VR environment may be 

improved. 

3.4 BCI on Attention in Stroke 

One of the major causes of dysfunction in adults is said to be a 

stroke, and a large number of training-oriented rehabilitation 

techniques have been developed. But they have often failed to 

work successfully on patients with severe deficits.BCI holds 

promise for such patients by recording and decoding brain activity 

while trying to perform motor and cognitive tasks. It can instigate 

movement, provide feedback on motor imagery, and monitor the 

comprehensive level of attention in performing tasks and the level 

of inter-hemispheric balance. An important issue in motor learning 

is the amount of mental workload, or how hard the brain is 

working to meet task demands (Ayaz, 2012). 

Near infra-red spectroscopy (NIRS) measured activity over the 

prefrontal cortex could discriminate between low and moderate 

levels of workload (Mandrick et al., 2013a; Mandrick et al., 

2013b), with a plateau effect towards higher levels of workload. 

Further, whatever the task duration may be, NIRS is found to be 

highly responsive to a decrease in attention. From the results, it 

may be inferred that it is possible to monitor changes in attention 

during BCI training. Researchers investigated the use of BCI along 

with exoskeleton technology to bring about multimodal stimulation 

in the rehabilitation of stroke subjects (Kotov et al., 2019). The 

experimental group was given complex multimodal stimulation 

involving several techniques along with BCI training, while only 

BCI training was administered to the control group. Subjects in the 

main group showed better improvement in memory, attention, and 

other skills, than the subjects in the control group. 

Table 2 BCI on Amyotrophic Lateral Sclerosis (ALS) & Autistic Spectrum Disorder (ASD) 

Study 
Paradigm/ 

Signals 
Sample & Method Tested Variables Outcome Measure Limitations 

Riccio et al. 

(2013) 

 

Scalp EEG 

signals Fz, Cz, 

Pz, Oz, P3, P4, 

PO7 & PO8 

9 volunteers 

(6 M &3F) mean age 

59.7 with ALS 

diagnosis. 

Task- controlling a 6 by 

6 P300 speller. 

Temporal attention 

capabilities, 

memory capacity & 

spatial filtering 

capacity. 

P300 Speller 

Interface, Rapid 

Serial Visual 

Presentation 

(RSVP) task & 

Change Detection 

(CD) task. 

 

Amaral et al. 

(2018) 

 

 

 

 

 

 

P 300 & alpha 

power 

15 participants aged 

between 16 & 38 yrs. 

with ASD. 

VR interface- 7 sessions 

in 4 months. Follow up 

after 6 months – joint 

attention task 

Identification of 

social attention 

items, sensory 

/cognitive 

awareness & 

adapted behaviour 

composite in DLS. 

Eye-tracking, 

Autism Treatment 

Evaluation 

Checklist (ATEC) 

& Vineland 

Adaptive 

Behaviour Scale 

(VABS). 

Clinical validation 

of the primary 

outcome measure 

(eye-tracking) is not 

done. 

Realistic nature of 

the VR environment 

may be improved. 

Riccio et al. 

(2018) 

P300 based 

electro 

des 

Fz, Cz, Pz, Oz, 

P3, P4, PO7 & 

PO8 

13 ALS participants (8 

M & 5 F) aged 62-75 & 

13 participants (9 M & 

4 F) with no disorders 

(control gp.). 

2 sessions 

BCI session P300 

speller BCI task 

Psychological session – 

RSVP task 

Selective attention, 

working memory & 

executive functions. 

The computerized 

test for attentional 

performance 

(TAP) & 

Wisconsin Card 

Sorting Test 

(WCST). 

Can’t be generalized 

as locked in state 

(LIS) not included. 
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3.5 BCI in Brain Injury & Spinal Cord Injury 

Two original studies were made to show how virtual reality and 

BCI may be integrated into neurorehabilitation (Salisbury et al., 

2016). The first study investigated the feasibility of BCI with 

inpatient spinal cord injury. For this, 25 medically stable patients 

with sustained cervical-level (48%) or thoracic-level (44%) SCIs 

and residual tetraplegia (52%), without severe cognitive or 

psychiatric impairment took part in the first study.  The second 

study was conducted to explore the effect of two virtual 

environments on subjects with central nervous system insult. The 

participants were subjects with acquired traumatic brain injury, 

stroke, brain neoplasm, and anoxic injury. These studies gave a 

positive outcome regarding advanced technologies in the subacute 

stage of neurorehabilitation, concerning cognitive functions. The 

patients found the technology user-friendly and there was a 

remarkable improvement in their performance in the course of the 

sessions. 

An attempt was made to design and validate a BCI for cognitive 

rehabilitation in brain-injured subjects based on a user-centered 

approach (Martin et al., 2018). The subjects with limited functional 

abilities were made to control computers through their brain waves 

with the help of the BCI. A research was conducted among 

community dwellers recovering from brain injury, with a group of 

therapists who worked together towards the rehabilitation of 

cognitive functions. The participants performed two tasks namely 

Find-a-Category and a Memory Card task. A home interface 

presented the therapy activities. This work was achieved by a 

group of academics, business partners, and service users. 

Table 3 BCI on Stroke, Brain & Spinal Cord Injuries 

Study 
Paradigm/ 

Signals 
Sample & Method 

Tested 

Variables 
Outcome Measure Limitations 

Salisbury et 

al. (2016) 

 

14 channel EEG 

recording 

(AF3, F7, F3, 

FC5, T7, P7, O1, 

O2, P8, T8, FC6, 

F4, F8, AF4) 

Study 1 

25 medically stable, spinal 

cord injury patients without 

severe cognitive/ 

psychiatric impairments 

Cube rotation task – three 

trials lasting 8 seconds each. 

 

Study 2 

21subjects with brain injury. 

Virtual reality environment 

with BCI – 8 training 

sessions. 

 

Cognitive 

flexibility, 

working 

memory, 

complex 

attentional 

processes, 

cognitive & 

motor 

inhibition & 

processing 

speed. 

1.MATLAB scoring 

program 

2. The Automated 

Neuropsychological 

Assessment Metrics 

Stroop & Go-No-Go 

computerized tests, 

Woodcock-Johnson 

3rd Edition Pair 

Cancellation subtest, 

&Delis-Kaplan 

Executive Functions 

System Colour-Word 

Interference test. 

Excessive reliance 

on technology & 

financial feasibility. 

Kotov et al. 

(2019) 
EEG Signals 

44 patients of 

2 groups-- The main gp. (22)  

given a program of complex 

multimodal stimulation, 

using BCI technology. The 

comparison group (22) had 

only training with the use of 

BCI. 

Memory, 

attention, 

visual and 

constructive 

skills. 

 
 

Laiz et al. 

(2018) 

16-channel 

biomedical signal 

amplifier with 

g.tec USB 

connection 

(Austria) 

32 subjects 22 in the first 

group of 61-69 years, and 10 

in the second group of 70-81 

years. 

5 neurofeedback training 

sessions alternated with 5 

work memory training 

sessions for 5 weeks, 

Visuo-spatial, 

spoken 

language, 

memory, 

intellectual 

processes & 

attention. 

Luria DNA 

neuropsychological 

battery. 

The sample size is 

small. Further 

recommendation of 

this study would be 

inclusion of a 

control group 

Martin   et al. 

(2018) 

 

P300 control 

matrix 

5 participants ( 4 M & 1 F) 

with traumatic brain 

injury(TBI) as end users & 5 

participants without TBI as 

control group 

(1 M & 4 F) 

 

Memory, 

semantic and 

reasoning 

skills, 

language, and 

learning, 

attention& 

concentration. 

Evaluation questions 

The small sample 

size. 

Since based on 

prototype 

development, the 

study lacks evidence 

on effectiveness. 
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3.6 BCI in Dementia (mild) 

Dementia is a disease that evolves in the elderly, with varying 

degrees, affecting the daily life of the people suffering from it. A 

group of researchers attempted to assess whether cognitive training 

through a BCI will be effective in such subjects (Laiz et al., 2018). 

Total 32 subjects took part in the study, among these 22 were in 

the first group of 61-69 years, and 10 were in the second group of 

70-81 years. The Luria-DNA neuropsychological battery was used 

to evaluate the subjects before and after training. The cognitive 

areas evaluated were visuospatial and linguistic skills, memory, 

intellectual functions, and attention. After training, compared 

to the second group, the first group showed significant 

improvement in all these aspects. The conclusion is that a 

suitable cognitive programme with BCI may delay cognitive 

impairment. 

Table 4 BCI on Healthy Elderly 

Study 
Paradigm/ 

Signals 
Sample & Method 

Tested 

Variables 
Outcome Measure Limitations 

Lee et al. 

(2013) 

 

Frontal EEG 

Fp1 & Fp2 

31 healthy elderly 60-

70yrs. Intervention 

gp.(15) 

Control gp. (16). 

Card-pairing memory 

game with BCI, 24 

sessions each 30 

mins.over 8 weeks; 

control gp. Week 9 to 16 

Immediate & 

delayed 

memory, 

language, 

attention, 

visuospatial/ 

construction. 

Usability & 

acceptability 

questionnaire 

Repeatable Battery 

for the Assessment 

of 

Neuropsychological 

Status 

(RBANS) scores. 

Covers only a small 

subset of English 

literate elderly. 

Concerns about 

RBANS. 

Failure to avoid 

placebo effect. 

Lee et al. 

(2015) 

 

Frontal EEG 

Fp1 & Fp2 

39 Elderly of Chinese 

ethnicity 60-70yrs. 

21 subjects in 

Intervention gp& 18 in 

control gp 

24 half-hour sessions of 

BCI/ 8 weeks. 

Immediate & 

delayed 

memory, 

language, 

attention, 

visuospatial/ 

construction. 

Usability & 

acceptability 

questionnaire 

RBANS scores. 

Translated RBANS 

forms not 

validated. 

Gomez-Pilar 

et al. (2016) 

Event-related 

desynchronization 

(ERD) and event 

related 

synchronization 

(ERS) of alpha 

and beta 

frequency bands. 

63 subjects (older than 

60 years) with 31 

subjects (13M&18F) in 

neurofeedback (NFT) 

group & 32(9M&23F) in 

control group. NFT tasks 

during 5 sessions-

imagine to lead the 

cursor to the correct 

target. 

With progression of 

difficulty level 

Visuospatial 

skills, 

linguistic 

skills, 

memory, 

intellectual 

functions and 

attention. 

Luria adult 

neuropsychological 

diagnosis 

It is desirable to 

extend the 

population under 

study for statistical 

reasons. 

Failure to make a 

follow-up of the 

cognitive 

improvement 

Yeo et al. 

(2018) 
EEG Signals 

Participants 60-80 yrs., 

with no neuro psychiatric 

diagnosis. 

24 sessions in eight 

weeks and booster 

sessions for 3 months. 

BRAINMEM with game 

components 

Attention, 

working 

memory 

&delayed 

recall. 

Repeatable Battery 

for the Assessment 

of Neuro 

psychological 

Status (RBANS). 

The sex moderation 

effect not studied 
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Table 5 BCI on Healthy Adults 
 

Study Paradigm/Signals Sample & Method Tested Variables Outcome Measure Limitations 

Rohani & 

Puthusser

ypady 

(2015) 

Unipolar reference electrode 

at the left earlobe, a ground 

electrode at Fpz, an EOG 

electrode below left eye, & a 

measurement electrode at Pz. 

6 healthy young subjects (5m & 

1f) aged 24-32. 2 oddball 

attention experiments ANISPELL 

& T-SEARCH inside the VR 

classroom. 5 trials each. 

Sustained visual 

attention and visual 

discrimination 

Non-linear Support 

Vector Machine 

(SVM) 

Classifier to detect 

the P300 potential 

.P300 is likely to 

change over time 

due to task 

adaptation. 

Aliakbary

hosseinab

adi et al. 

(2017) 

Monopolar EEG signals from 

18 channels AF3, AFz, AF4, 

F3, F1, Fz, F2, F4, 27 FC3, 

FC1, FCz, FC2, FC4, C3, C1, 

Cz, C2, C4 

12 healthy participants (6M & 

6F), mean age 24.25. Two tasks -

The control with normal attention 

demand and the complex 

secondary task with diversion 

attention level 

attention variations 

during movement 

execution 

MATLAB to extract 

the time domain 

feature & EEGLAB 

to extract the time 

frequency features 

.The combination 

of movement and 

attention made it 

impossible to 

ignore the 

influence of dual 

tasking. 

 

Pei et al. 

(2018) 

 

 

 

Alpha power density, theta & 

beta 

20 healthy volunteer subjects with 

normal vision, 2 groups 

neurofeedback (NF) group(10) – 

alpha frequency neurofeedback 

Sham NF gp. (10) – random 4Hz 

neurofeedback 5 sessions on 

different days for 5-7 days. . 

Resting EEG recorded before & 

after each session 

Episodic memory, 

working memory & 

attention network 

processes. 

Word pair task, 

attention network test 

& backward digit 

span task. 

Lack of auditory 

feedback is a 

limitation. 

 

 

Firat et al. 

(2018) 

EEG Signals Seventy healthy participants. 

Six tasks using a Brain-Computer 

Interface system 

Cognitive state cluster 

and task performance. 

Pupil dilation, blink 

rate, and Galvanic Skin 

Response (GSR) data. 

Nasa-Task Load 

Index, Logistic 

Regression, Decision 

Tree, and Neural 

Networks 

 

Arvaneh 

et al. 

(2019) 

 

P 300 based speller BCI 28 healthy young adult 

participants, (12 M& 16 F) aged 

20 to 39 yrs. Randomly assigned 

to exp gp. (14) & control gp. (14). 

One session for 1hour & 45 mins. 

P300-based speller task. 

Questionnaire at the start& end of 

the session. 

Changes in EEG during 

and pre-post training. 

Changes in cognitive 

performance 

 

Response time of 

spatial attention task. 

Long-term 

effects not 

investigated. 

Not applied to 

those at the risk 

of attention 

problems like the 

elderly. 

Chuanqi et 

al. (2019) 

 

EEG optical flow 

 

10 subjects listening to and 

imagining 12 well-known short 

musical pieces 

Classification  accuracy 

on the Open Music 

Imagery Information 

Retrieval (MIIR) 

dataset 

Open Music Imagery 

Information Retrieval 

Open MIIR dataset 

 

Karran et 

al. (2019) 

32 electrode EEG montage 30 healthy female participants 

from Business School age 18-43. 

Participants split into 3 groups: 

no countermeasures (NCM), 

continuous countermeasures 

(CCM) & event-synchronized, 

level-dependent countermeasures 

(ECM). 15 min calibration   task 

& 90 min business logistics task 

Mental demand, 

physical demand, 

temporal demand, 

taskperformance, 

frustration level & 

effort. 

Short version of the 

NASA-Task Load 

Index, the RAW-

Task Load Index. 

Functional near-

infrared 

spectroscopy 

(fNIRS) did not 

prove a useful 

tool with high 

levels of 

discomfort—

problematic for 

ecologically 

valid tasks in 

real-world 

scenarios. 

Gaume et 

al. (2019) 

Electro des on frontal, 

parietal and occipital regions 

– Fp1, Fp2, F7, F3, F4, F8, 

C3, C4, CP5, CP1, CP2, CP6, 

P3, P4, O1 & O2. 

14 healthy subjects (11m & 3f) 

age 19-32. Motor control of a 

cursor using a joystick. 

Mental, physical, 

temporal demand, 

performance, effort & 

frustration 

NASA Task Load 

Index 

Insufficient to 

prevent 

modelling 

confounders of 

attentional load. 
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3.7 BCI on Attention in Healthy Elderly 

Cognitive decline in aging is a prevailing issue which calls for 

interventions for improvement in attention. Some studies have 

taken up this demand and applied BCI based interventions in 

the elderly. An experiment was carried out with an EEG based 

BCI training programme which combined the positive effects 

of traditional computerized training interventions with 

neurofeedback training (NFT) (Lee et al.,2013). An eight-week 

training made up of 24 sessions of half an hour each was given. 

A questionnaire on the users’ experience and feedback was 

administered at the end. After every session, the subjects had to 

report adverse events, if any. The Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS) recorded a 

change of total score pre- and post training. This was evidence 

for the efficacy of the system. Positive results were found from 

the questionnaire. The participants did not complain of any 

adverse events. The visuospatial/constructional attention 

showed significant improvement.  This BCI based intervention 

system has the potentiality to improve memory and attention in 

healthy elderly. Senior users find it to be safe, handy and easy 

to use. However, another trial with participants having a mild 

cognitive impairment and early dementia is warranted. 

The researchers repeated the study on a Chinese, healthy, 

elderly population. The research was conducted to find out 

whether cultural and linguistic factors affected cognitive 

training (Lee et al., 2015). They examined the efficacy of their 

BCI cognitive training programme in healthy Chinese-speaking 

Singaporean elderly. The same protocol as in the previous 

experiment was followed, and the control group received the 

same intervention after an 8-week waiting period. A 

questionnaire on the users’ experience and feedback was given 

at the end.  

For safety, after each session, users were questioned whether they 

experienced any discomfort. The users reported a total of 16 

adverse events, but they were graded ―mild‖. Only one was 

considered ―moderate‖. The researchers have shown that cultural 

and linguistic factors did not influence BCI cognitive training. 

A study was conducted to find out whether neurocognitive 

improvements and EEG changes can be brought about in the 

elderly through neurofeedback training with a motor imagery-

based BCI (Gomez-Pilar et al., 2016). The neuropsychological test 

scores of both the experimental group and control group were 

compared and after five NFT sessions, the results showed 

significant improvements in the NFT group, in the four cognitive 

functions, visuospatial, oral language, memory, and attention. This 

experiment proved that NFT performed by a Motor Imagery-BCI 

enhanced cognitive functions. 

A randomized controlled trial was carried out to examine the 

effectiveness of a personalized BCI system for cognitive training 

in the elderly (Yeo et al., 2018). The subjects were 60–80 years 

old, without any neuropsychiatric issues. The subjects were 

divided into intervention and waitlist-control groups. The training 

system BRAINMEM was assigned to them. It has game 

components designed to improve attention, working memory, and 

delayed recall. 24 sessions were conducted over eight weeks 

followed by booster sessions once per month for three months. The 

Repeatable Battery for the Assessment of Neuropsychological 

Status (RBANS) was used to measure the outcome. The 

experimental group showed better performance than the waitlist 

group among men. Among the females, the between-group 

difference in improvement was not significant. The results of the 

study showed that a neurofeedback intervention is likely to be 

feasible in cognitive rehabilitation in the male elderly. 

3.8 BCI on Attention in Healthy Adults 

BCI can be a prospective instrument for training attention inside a 

VR classroom and this was investigated by some researchers 

(Rohani & Puthusserypady, 2015). They created a training 

environment using a low-cost infra-red camera making up the 

illusion of 3D. Six healthy young subjects aged 24-32 participated 

in the experiment. On the scalp region above the parietal lobe of 

each participant, a single electrode was placed to elicit the P300 

potential. This was found to be a successful demonstration of a 

non-intrusive, portable low-cost system targeting attention in an 

engaging environment. The study was conducted on healthy 

subjects, but it suggests a positive effect on ADHD subjects also. 

An attempt was made, using 12 healthy adults of mean age 24, to 

classify EEG signals to identify attentional variations while 

carrying out motor tasks (Aliakbaryhosseinabadi et al., 2017). The 

motor task was a simple ankle dorsiflexion movement during 

which an auditory oddball task was applied to divert the users' 

attention. The researchers analysed every participant’s attention 

levels and their effects on motor tasks. Motor cortex channels 

showed higher accuracy than other channels. The conclusion was 

that synchronous BCI systems with time-frequency feature may be 

employed to assess attention variation. The limitation is that the 

combination of movement and attention made it impossible to 

ignore the influence of dual tasking. 

Some researchers made cognition assessments using an integrated 

neurofeedback system with dry electrodes (Pei et al., 2018). This 

integrated system combines BCI technology with a multithreading 

design and uses wearable, multichannel, dry electrode EEG 

acquisition equipment. For this, 20 healthy volunteers were divided 

into an NF (neurofeedback) group & a sham NF group. They had 

five treatment sessions/week. Compared to the sham NF group, the 

NF group showed higher alpha frequency band power. Thus, the 



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

Brain Computer Interface (BCI) on Attention: A Scoping Review       19 

      19 

 

 

 

 

 

 

 

 

      

NF group performed better in working memory.  This integrated 

system is expected to be an effective assessment system for 

neurofeedback training and cognitive function and may be used 

personally and clinically. This system may be updated and 

improved. According to some studies, a combined visual and 

auditory feedback modality achieved better BCI performance, 

enabling participants to focus attention on the task (Gargiulo et al., 

2012; Fabien et al., 2013). 

A classification of BCI users based on cognition was made (Firat 

Ozkan & Kahya, 2018). The study was meant to examine cognitive 

state using BCI systems. Seventy healthy participants were 

selected to perform six tasks using a BCI system. After each task, 

the participants filled Nasa-TLX (task load index) forms so that 

their task performances could be measured. The K-means method 

was used to create cognitive state clusters from the data collected. 

From the obtained data, the participants were classified into low or 

high risk, based on their cognitive state. The processing of 

classified data was done to evaluate the consistency of this 

classification. A consistency between 87.1% and 100% with other 

techniques was observed. 

The use of a BCI to modulate the level of sustained attention over 

a long duration business logistics task has been studied (Karran et 

al., 2019).  Total, 30 healthy female participants from Business 

School aged between 18 and 43 were selected and allocated to 

groups of no countermeasures (NOCM), continuous 

countermeasures (CCM), and event synchronized, level-dependent 

countermeasures (ECM). The researchers worked under the 

hypothesis that self-regulating sustained attention through 

neurofeedback would have the following results: task engagement 

would become greater; error rate would be decreased, and task 

performance would be improved. The results proved that self-

regulating sustained attention can keep the users engaged for a 

long time, and moderately enhance task performance while 

decreasing errors. A group of researchers introduced a cognitive 

BCI based continuous performance task to monitor variations in 

visual sustained attention (Gaume et al., 2019). For this, 14 healthy 

subjects, 11 males & 3 females aged 19-32 were selected for the 

study. The task involved the use of a joystick to control a cursor. 

The continuous task enables keeping track of variations of visual 

sustained attention. Furthermore, the researchers have designed a 

task in which cognitive functions other than sustained attention are 

minimally involved. To update the visual information from our 

sensory inputs continuously, sustained attention is necessary.                                                                                                                                                                                                                                                                                                                                

This was their focus rather than processing of the information 

stored in working memory. 

A P300-based BCI for improving attention was devised by some 

researchers (Arvaneh et al., 2019). They modified the P300-based 

speller BCI into an engaging neurofeedback game. They designed 

the game in such a way that it adapted its difficulty level according 

to the user’s performance, requiring the production of a stronger 

P300.  The neurofeedback training was for only 30 minutes.  From 

the obtained results it was found that the training brought about a 

remarkable improvement in the Event-Related Potentials (ERP) 

components of the target trials. A weakening of the corresponding 

ERP components was observed in the non-target trials. A spatial 

attention task after the neurofeedback training proved that the 

response time was significantly improved in the experimental 

group. From the study, it can be inferred that this neurofeedback 

training tool is bound to improve attention, specifically for subjects 

with attention disorders. However, the long term effects of this 

training remain to be investigated. 

A new approach to improve the accuracy of EEG classification in 

BCI was taken up by some researchers (Chuanqi et al., 2019). 

They pay attention to the fact that the human brain has different 

functional areas for different human activities. They propose an 

attention-based transfer learning framework that includes a cross 

domain encoder and an attention-based decoder with a recurrent 

neural network (RNN). They applied this approach to a dataset 

called Open Music Imagery Information Retrieval (Open MIIR), 

involving 10 subjects listening to and imagining 12 well-known 

short musical pieces. They show that brain functional areas 

associated with new activities may be discovered by using 

attention mechanisms. 

Conclusion 

Attention is a fundamental mechanism of the brain, enabling the 

selection of relevant information and suppression of irrelevant 

signals. This review has given an overview of the studies in BCI 

on attention in different neurological disorders as well as healthy 

adults and elderly. BCI based neuro-feedback training is found to 

be effective in enhancing attention in ADHD subjects. Researches 

support that BCI based attention training programme for ADHD is 

relatively simple to use, convenient and accessible over most other 

cognitive training programmes utilizing EEG information, and they 

also suggest that it could be developed into home-based treatment. 

In ALS subjects, behavioural tasks like visual presentation and 

change detection, as well as a P300 speller task are effective in 

improving attention.  

In ASD subjects, social cognition is found improved due to BCI 

intervention. In spinal cord injury patients, BCI integrated with 

virtual reality was experimented with as neurorehabilitation with a 

positive outcome. An evaluation after cognitive training through 

BCI on subjects suffering from early dementia showed that such a 

cognitive programme may delay cognitive impairment.BCI based 

neurofeedback training promises neurocognitive improvement and 

EEG changes in the elderly. Different cognitive assessments have 

been tried on healthy adults, like classifying EEG signals to 

identify attentional variations during a motor task, BCI based 
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neurofeedback therapy with a multithreading design in cognitive 

assessment, BCI as a potential training tool for attention inside a 

virtual reality classroom, BCI based continuous performance task 

to monitor variations in visual sustained attention, and a P300-

based BCI. In post-stroke subjects, BCI combined with 

exoskeleton technology of a multimodal stimulation offered better 

therapeutic results. More than half of stroke survivors suffer from 

cognitive defects, which determine broader outcomes than physical 

disability. Cognitive productivity can be reduced by impaired 

attention, even when other cognitive functions are intact. Attention 

is also associated with balance, functional independence, and daily 

living. Hence attention training using BCI is undoubtedly a useful 

tool in post-stroke rehabilitation. From this review, it is evident 

that hardly any research has been done on using BCI for enhancing 

attention in post-stroke subjects. So there arises the necessity for 

making a study on the effects of BCI based attention training in 

post-stroke subjects, as attention is the key for learning motor 

skills that get impaired following a stroke. Currently, various 

researches have been under investigation to determine the effects 

of a BCI based training programme for the enhancement of 

attention in post-stroke subjects. 
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