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ABSTRACT 

The present paper reports on an analysis of EEG signals to study the effect of audio-visual tasks and to see their 

effect on individual subjects using EEG Neurofeedback. Neurofeedback helps to alter the cognitive behavior. It could help 

in enhancement of the cognitive behavior of an individual in ways. This method of correlating the neurofeedback to that of 

the scores helps us draw parallel and prove that cognitive exercises can help increase the attention level of the individual. 

The dataset involved processing of two band wavelengths: Alpha (8-12 Hz) and Beta (12-22 Hz) to derive appropriate 

results and to analyze theoretical and practical level and to keep a track of appropriate changes that occur in the waveform. 

To ensure repeatability of results so as to enhance the performance of the subjects to increase attention level and practice 

the task, experiment protocol was finalized. Our experimentation and analysis show that the results of the experiment and 

numerical investigation have a good correlation to the analysis of EEG Data. This paper concludes with the remarks on the 

Alpha and Beta waves of the selected electrodes and the comparison between each subject to show that these tasks did 

have an overall positive effect. 
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INTRODUCTION 

Neuroscience helps us establish relativity 

between the cognitive functions to that of the 

neurophysiological processes. In order to be able to 

produce relevant results in this area, we assume that the 

two events are dependent and the results can be 

experimentally established. In order to do so, various 

recording methods are used to measure the electrical 

activity of the brain when subjected to a stimulus. A 

simpler method to establish the experimental recording 

being followed is the EEG-based neurofeedback (EEG-

NFB). The Neurofeedback training has been proved to be 

helpful in improvement of cognitive abilities for healthy 

subjects including athletes. [1] Therefore, Neurofeedback 

training can be used to enhance cognitive abilities related 

to multi-tasking such as working memory, attention, etc. 

[2]. This training method is very efficient for healthy 

individuals to exercise their brain and to improve their 

cognitive abilities. For example, when healthy adults 

attended neurofeedback training it showed that their 

cognitive performance improves drastically after the 

training [3], [4]. Usually, during the neurofeedback 

training, the target is increasing or suppressing the activity 

in certain EEG frequency range. For example, the 

amplitude in the 12–15 Hz band is targeted to increase [5]. 

In [6], [7], it is shown that the individual alpha frequency 

is a positive indicator of the cognitive abilities, which 

means a better performance can be obtained if the 

individual alpha peak frequency and individual alpha 

bandwidth are increased. Different neurofeedback 

protocols such as increase of upper alpha band power or 

the beta/theta ratio are applied. The results show that after 

such training the individual alpha peak (IAP) frequency is 

larger and the individual alpha bandwidths are wider [7]. 

Training to increase beta power can help healthy subjects 

reduce the reaction time in the Test of Variables of 

Attention test [8]. The use of tasks that helped to establish 

positive behavioral outputs of the trainees and also by 

rewarding them with the opportunity to begin or continue 

to participate in computer game-like or entertainment-

based training activities helped conclude that there was 

immense improvement depicted by each trainee. [9]. The 

experimental analysis of player's attention level and the 

comparison of cognitive test results demonstrate the 

benefits of practicing BCI based neurofeedback game in 

the enhancement of attention/cognitive skills. [10] 

Music has been proven to be a valuable tool for 

the understanding of human cognition, human emotion, 

and their underlying brain mechanisms [11]. Depending 

on the way sound waves are implicated on the subject in 

terms of recognizing and hearing, they have an effect on 

the way the neurological system (brain and nerve) of the 

human body perceives it. Spending time in natural 

environments can greatly reduce symptoms of attention-

deficit/hyperactivity disorder (ADHD) in children [12]. 

More recently, research has gone beyond holistically 

looking at the restorative qualities of natural 

environments, to focus on the impacts of sound to 

restoration. [13] Through a series of tests, the influence of 

sounds on the rate of recovery from a stressful situation 

was found to be positive on an individual. [14] After being 

asked to complete a stressful arithmetic task, participants 

were exposed natural sound, such as a fountain and 

tweeting birds or ambient noise recorded from a quiet 

backyard and it showed that the participants could de-

stress themselves under the subjection of natural sounds 

hence showing better performance. [13] [14] Music 

increased the chance of remembering what they a subject 

has learned, by assisting the recall of information [15]. 

Thus a protocol was formed using a combination of a 

musical track that was made with the help of combining 

natural sounds and a series of task focusing on the 

cognitive abilities f the subjects. Thus the investigation of 

the impact of a neurofeedback based BCI game on the 
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enhancement of attention and cognitive skills of healthy 

subjects have been deduced to show positive effects on an 

individual [16]. Attention-related brain responses occur 

from auditory and visual tasks. [17]. These tasks help 

understand the neural origins of human attention helping 

using understand the cognitive ability of the brain. [17] 

The frequency-function relation of various EEG bands has 

inspired EEG-neurofeedback procedures intending to 

improve cognitive abilities in numerous clinical groups. 

[17] This helps us establish the interdependence of the 

EEG waves and the tasks performed. 

The experiment was conducted primarily 

focusing on increase/decrease the cognitive ability of an 

individual using EEG-NFB. The present study focuses on 

Analysis of the EEG waves under EEG-NFB. Healthy 

young female participants took part to be able to focus 

better. EEG-NFB efficiency was tested by offline analysis 

of EEG data recorded during training sessions with the 

help of MATLAB using EEG. Results of between and 

within-session analyses for the trained band as well as for 

the flanking alpha (8–12 Hz) and beta band (13-25 Hz) 

bands.  

 

METHODOLOGY 

 

Subjects 

Five healthy female participants aged 22 ± 

1.581139 (mean±SD) years took part in the study. The 

experiments were approved by the local ethics committee. 

All participants were provided written informed consent 

for participation in the study with the required details. A 

questionnaire was filled by the test subjects with the 

relevant questions that gave us insights on their self-

awareness of their idea of their cognitive ability to focus. 

The Subjects were made to understand the instructions and 

how the task is to be performed. The experiment protocol 

was performed. EEG reading was taken continuously. The 

above mentioned 5 participants received training aimed at 

increasing the amplitude of alpha & beta wave. 

 

EEG-neurofeedback protocol 

The training sessions were performed using an 

instructional tutorial that was shown before each task on 

the very first day. Each participant was assigned a 

particular order so that the protocol happens in a uniform 

way. Training sessions were conducted under the guidance 

of an EEG technician to record the relevant readings. 

Continuous EEG recordings were taken down.  In order to 

reduce possible artifacts, the subjects were asked to keep 

movement artifacts to the minimum. Hence, the data 

acquired would be error-free and would help in the 

analyzation of the required alpha and beta waves. Over a 

timeframe of 4 days, each subject took 4 training sessions 

(1 training sessions per day). During each training session, 

the subjects were asked to open their hair since they all 

were girls for proper placement of electrodes. They were 

seated in a chair that wasn’t far from the EEG machine to 

reduce artifacts and misplacement of electrodes. All the 

subjects were made to sit in front of a 15.6-in. computer 

LCD screen at a distance of approximately 100 cm. 

Each session consisted of a 5-min-long block. 

The session started after placing the of the EEG electrodes 

on the subject, which was followed by a 1-min resting 

period (baseline) in order to familiarize the subject to the 

training situation and to record the non-training sample of 

the EEG signal. In both groups, the band chosen for 

training was: a.)8 -12 Hz Alpha band and b.)12–22 Hz 

beta1 band. An amplitude threshold at higher frequencies 

(25–45 Hz) had high-frequency artifacts and was excluded 

from the respective study. EEG was recorded from the F3, 

C3, P3, F4, C4, P4, Fz and Cz sites of the 10–20 standard 

configuration under the bipolar montage due to its 
versatility, with linked ears as a reference and a ground 

electrode placed at the Pz. Adjustment of the montage was 

done in the software and the readings were taken in the 

form of continuous recording. The EEG viewer of the 

software was taken down so that the EEG could be viewed 

and any artifacts that were present could be analyzed and 

removed.  

 

 
 

Figure-1. Protocol and the NF training NF – 

neurofeedback. 

  
The protocol begins with a 1-minute baseline 

reading at the beginning of every session on each day. The 

Neurofeedback training takes a total time of 5 minutes 45 

seconds. The Neurofeedback training consists of 

introducing the music for 1 minute 30 seconds. After the 

music, the first task is introduced with duration of 45 

seconds. Music was introduced again for 1 minute 30 

seconds. The second task is introduced with duration of 45 

seconds. Task 3 is performed for 1 minute 15 seconds.  

This protocol was repeated for a total of 4 days. 
 

Task framework  
There were three major tasks focusing on 

improving the cognitive ability of each subject. Each task 

was aimed at improving the performance of the subject to 

focus better and to improve their cognition. The tasks are 
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mentioned below with the target areas that improve after 

performing the tasks. 

 

Lost in migration 

This task focuses on the ability to focus on 

relevant information. The target area of the task is to 

enhance selective attention. The main advantage of having 

selective attention helps individuals to be able to focus on 

the relevant information amidst distractions. The main aim 

of this task was to be able to focus on the primary center 

bird and identify which direction it faces amidst other 

secondary birds surrounding it. The keyboard was used 

and the arrow keys were used in this task. It was required 

by the subject to press the direction in which the center 

bird is pointing at. Each subject was timed and the task 

was completed automatically by the software at the end of 

45 seconds. 

 

Speed match overdrive 

This task focuses on the ability to be able to 

process information.  Here we check on that ability to 

process visual stimuli and to be able to process it using 

memory. Through this task, the initial identification of the 

shapes will help us analyze the data and analysis of 

incoming sensory input would help us make the decision 

based on that data. This task requires remembering the 

previous objects thus helping us the use of the cognitive 

ability to maintain memory ad to be able to focus and 

complete a task by processing the information faster. In 

this task, the subjects were asked to memorize the first 

card. After that, the software would present the next card. 

The subject had to choose if the previous card matches the 

present card completely i.e. has the same color and shape, 

matches partially i.e. Similar either in color or in shape or 

has no similarity at all. All of this was to be done with the 

arrow keys. Three arrow keys were given to each 

command. Each subject was timed and the task was 

completed automatically by the software at the end of 45 

second. 

 

Robot factory 
This task focuses on the ability to be able to 

initiate a response.  Here we check on that ability to 

process of adapting task shifting ability by being able to 

focus quickly without losing attention. To be able to 

Response in a faster time will help understand our reaction 

time. In this task, the subjects were asked to make a 

complete robot by putting its parts in the right places. 

After that, the software would show a part of the robots 

body on the pedestal. Exercise Response Inhibition as you 

ignore incorrect parts. The main goal of the task is to 

Exercise your response inhibition as you learn to 

concentrate on what is required and what is not. In order to 

do that, the subject has to make the maximum number of 

robots choose. All of this was to be done with the help of 

arrow keys. Three arrow keys were assigned to three 

pedestals. Each subject was timed and the task was 

completed automatically by the software at the end of 1 

minute 15 seconds. 

 

Audio-stimulus 
An audio track was induced in the experimental 

procedure. The audio track was customized manually 

using video editing software for the experiment. The audio 

track consisted of nature sound that involved birds chirp 

and water flowing. These audios were combined was 

played in the right order. The advantage of using an audio 

track is that it helps your brain release dopamine, a 

neurotransmitter often referred to as the brain’s pleasure 

chemical, which can help improve your mood. This results 

in the better mental state of the subject. As soon as the 

audio track is induced, is an excellent way to relax the 

brain to produce good alpha waves. Thus it would help 

you concentrate and would help you on being attentive by 

developing your cognitive abilities. 

 

Recording of EEG data 

The NicoletOne Neurodiagnostic EEG system 

was used to record EEG waves of the subjects in order to 

get relevant results. Electrodes were placed on the subject 

and were secured with the help of using conducting gel 

and cotton. This ensured that the signals were proper. 

Using electrodes F3, F4, C3, C4, P3, P4, Cz, and Fz 

according to the 10-20 international system of EEG 

electrode placement were used in the bipolar montage 

since it is versatile.  

 

Processing of EEG data 

EEG data were analyzed using EEGLAB 

software (Delorme and Makeig, 2004) and MATLAB 

(MathWorks; MA, USA). Data were recorded 

continuously over the course of the entire training 

sessions. Data was filtered using finite impulse response 
filter to remove frequencies lower than 0.5Hz and higher 

than 30 Hz. To process the data Matlab 2017b version was 

used with the help of EEG LAB plug-in. The data was 

filtered using an FIR filter with the limits of 0.5 to 30 Hz. 

Each channel corresponds to each subject and has a color 

annotation. The signal was sampled at 2000 Hz and band-

pass filtered between 0.5 and 30 Hz. Power-Spectra graph 

was plotted. Peak was detected for two kinds of plots: 

Alpha (8-12Hz) and Beta(13-25 Hz). The maximum value 

of the power on each plot was noted down respectively.  

Each electrode was analyzed and plotted using the power 

spectrum values. Plotting of the data was such that the plot 

would represent all the 16 channels of each subject. 

 

RESULTS 

 

Response time of tasks 

The results of the training session including the 

task 2 and task 3 showed a drop in the response time of the 

subjects. This showed that they were able to do the same 

task in a lesser time by the end of the fourth day hence 

improving their cognitive abilities over a period of time. 

As shown in the Figures 2 and 3 the response time of each 

subject dropped considerably and was calculated using the 

scores from the tasks which were with the help of 

lumosity.com. Scores were given based on the 

https://www.lumosity.com/
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performance of individual subjects and the graphs were 

plotted with the help of relevant data. 

 

 
 

Figure-2. Response time of subjects in task 3. 

   

However, in task two the subject 2 showed an 

increase in the response time due to non-specific factors of 

the training. (Contact with an EEG technician, familiarity 

with surroundings, fatigue). Overall there was a 

considerable decrease in task two in the response time as 

well. 

 

 
 

Figure-3. Response time of subjects in task 2. 

 

Effect of tasks on electrodes 

Furthermore, each electrode peaks were detected 

using the powerspectrum graph and the average of the 

peak on each electrode was taken.They were calculated for 

8 electrodes on Aplha and 8 Electrodes on Beta. The 

results are shown in Figures 4 and 5. 

 

 
 

Figure-4. Average power spectra density (μv2
/Hz) of each 

electrode for alpha waves. 

 

In Figure-4, it is evident that most of the activity 

was observed in the P3-O1 electrode for all three subjects 

establishing that this electrode is high in alpha waves. The 

electrode showed a steady increase in the Alpha wave in 

the three days resulting in the greatest average. Subject 

2(Orange bar) showed constant improvement but however 

subject 3(grey bar) had the most growth. 

 

 
 

Figure-5. Average power spectra density (μv2
/Hz) of each 

electrode for beta waves. 
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Table-1. Average of alpha waves of all 4 days. 

 
 

In Figure-5, it is evident that most of the activity 

was observed in the P3-O1 electrode beta wave as well. 

While performing tasks the P3-O1 received maximum in 

power spectral density. 

 

EEG analysis  

There are no evident boundaries between various 

bands in human EEG spectrum and the methods of their 

definition remain a subject of discussion. [18]. To evaluate 
training progress between consecutive sessions, we 

averaged the value of Power Spectra Density from the 

very first session to the very last session in order to find 

out which electrode shows the most activity in both Alpha 

and Beta Bands. The values of peak were detected and 

these values were taken down along with the frequencies 

at which they exhibit the highest power spectra density. 

Below are the difference of each day to the previous day 

are calculated to find the net growth in both Alpha and 

Beta Waves. This has helped us plot a difference plot such 

that we can notice the change in both Alpha and Beta 

Waves. 

 

Table-2. Difference of alpha waves according to the 

power spectra values. 
 

 
 

 
 

Figure-6. Power spectra density (μv2
/Hz) vs the difference 

of each electrode for both alplha 

and beta wave. 

 

DISCUSSIONS 
The results of our study indicate that EEG-NFB 

training shows that there is a considerable change in the 

Alpha and Beta waves as plotted. The observed slow drift 

of alpha and beta1 amplitudes may have been due to 

repeated exposure to nonspecific factors of the training 
(contact with a trainer, familiarity with surroundings, 

fatigue). There were a lot of challenges faced that we 

faced. The subjects didn’t understand speak English so the 

instructions were translated. There were blinking and eye 

movement artifacts as well as muscle movement artifacts. 

Throughout the task, the subject had to sit upright. The 

machine availability placed an issue as the hospital was ye 

functional and working. Transfer of data from the machine 

was time consuming. We came to a conclusion that with 

each task each subject could learn something new. Task 1 

will help the subjects in day-to-day life by helping them 

notice minute errors, focusing at one task and details 

occurs and help with monotonous tasks. Task 2 will help 

the subjects in day-to-day life by helping them remember 

things they tend to forget things, frequency or rate of 

completing a task and to smoothly shift from one task to 

the other. Task 2 will help the subjects concentrate better 

even when there is background disturbances will not break 

attention while re-reading or skipping paragraphs. 

With the help of power spectra density plots we 

are able to draw parallels with that of the tasks and see 

where the activity of the brain was maximum. Due to the 

EEG machine being an old one two of the subject reading 

files were corrupted and couldn’t be utilized. Therefore, 

regular inculcation of cognitive tasks will help enhance the 

brain and help an individual perform tasks with greater 

efficiency. 

 

CONCLUSIONS 
Our study highlights that with the regular usage 

of cognitive tasks and the analysis of EEG waves it is 

possible to improve one’s cognitive abilities. When 

subjected to an audio and visual stimulus we can condition 

our brain to perform considerably better session by 

session. The nature sounds showed relaxation of 

individuals and helped them perform better. The alpha and 
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shows more activity than that of the beta band and beta 

band has to undergo further training for better results. 
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