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CHAPTER-1 

NEUROSCIENCE 

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 

decrease in volume of water in the bottle, and iii)   a specific pattern of water volumes (for example, 

0.5L, 0.75L, and 1L in 3 consecutive experimental trials) in the bottle repeated over cycles. The N400 

signal is found to appear approximately 250MS away from the occurrence of the MI signal in the third 

window, in case the subject recognizes the repeated sequence. The motivation of the above 

experiment is to determine whether the subject can recognize the repetition of the sequence and 

learn the sequence. In case, the subject learns the sequence, she will be liberating the N400 signal 

after a short span of the release of the ME signal. The study of the above issues largely depends on 

the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 

it eliminates any partial learning. Therein lies the novelty of this method compared to others where 

the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 

effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 

In this particular section, an overall idea about the various principles and methodology used in the 

study of detecting motor learning skills of human subjects from the response of the brain-computer 

interface is provided. The Figure  provides an explicit description of the overall process taking place. 



At first with the help of 13 Ag/AgCl2 electrodes from different brain regions: prefrontal(Fp1 and Fp2), 

frontal lobe(Fz, F3, F4, F7, and F8), and basal temporal lobe(A1, A2, and Aav) EEG signals are captured. 

The EEG signals are then analyzed with the help of software to find the activation regions of the brain. 

The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 

is trained. In the training phase in each part, a block of 20 trials is provided. In the testing phase, these 

40 trials are provided in random order. The EEG signals are then filtered with the help of a band filter 

of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  

 

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 

decrease in volume of water in the bottle, and iii)   a specific pattern of water volumes (for example, 

0.5L, 0.75L, and 1L in 3 consecutive experimental trials) in the bottle repeated over cycles. The N400 

signal is found to appear approximately 250MS away from the occurrence of the MI signal in the third 

window, in case the subject recognizes the repeated sequence. The motivation of the above 

experiment is to determine whether the subject can recognize the repetition of the sequence and 

learn the sequence. In case, the subject learns the sequence, she will be liberating the N400 signal 

after a short span of the release of the ME signal. The study of the above issues largely depends on 

the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 



it eliminates any partial learning. Therein lies the novelty of this method compared to others where 

the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 

effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 

In this particular section, an overall idea about the various principles and methodology used in the 

study of detecting motor learning skills of human subjects from the response of the brain-computer 

interface is provided. The Figure  provides an explicit description of the overall process taking place. 

At first with the help of 13 Ag/AgCl2 electrodes from different brain regions: prefrontal(Fp1 and Fp2), 

frontal lobe(Fz, F3, F4, F7, and F8), and basal temporal lobe(A1, A2, and Aav) EEG signals are captured. 

The EEG signals are then analyzed with the help of software to find the activation regions of the brain. 

The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 

is trained. In the training phase in each part, a block of 20 trials is provided. In the testing phase, these 

40 trials are provided in random order. The EEG signals are then filtered with the help of a band filter 

of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  
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Chapter-2 

Brain Computer Interface 

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 

decrease in volume of water in the bottle, and iii)   a specific pattern of water volumes (for example, 

0.5L, 0.75L, and 1L in 3 consecutive experimental trials) in the bottle repeated over cycles. The N400 

signal is found to appear approximately 250MS away from the occurrence of the MI signal in the third 

window, in case the subject recognizes the repeated sequence. The motivation of the above 

experiment is to determine whether the subject can recognize the repetition of the sequence and 

learn the sequence. In case, the subject learns the sequence, she will be liberating the N400 signal 

after a short span of the release of the ME signal. The study of the above issues largely depends on 

the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 

it eliminates any partial learning. Therein lies the novelty of this method compared to others where 

the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 

effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 

In this particular section, an overall idea about the various principles and methodology used in the 

study of detecting motor learning skills of human subjects from the response of the brain-computer 

interface is provided. The Figure  provides an explicit description of the overall process taking place. 



At first with the help of 13 Ag/AgCl2 electrodes from different brain regions: prefrontal(Fp1 and Fp2), 

frontal lobe(Fz, F3, F4, F7, and F8), and basal temporal lobe(A1, A2, and Aav) EEG signals are captured. 

The EEG signals are then analyzed with the help of software to find the activation regions of the brain. 

The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 

is trained. In the training phase in each part, a block of 20 trials is provided. In the testing phase, these 

40 trials are provided in random order. The EEG signals are then filtered with the help of a band filter 

of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 

decrease in volume of water in the bottle, and iii)   a specific pattern of water volumes (for example, 

0.5L, 0.75L, and 1L in 3 consecutive experimental trials) in the bottle repeated over cycles. The N400 

signal is found to appear approximately 250MS away from the occurrence of the MI signal in the third 

window, in case the subject recognizes the repeated sequence. The motivation of the above 

experiment is to determine whether the subject can recognize the repetition of the sequence and 

learn the sequence. In case, the subject learns the sequence, she will be liberating the N400 signal 

after a short span of the release of the ME signal. The study of the above issues largely depends on 

the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 

it eliminates any partial learning. Therein lies the novelty of this method compared to others where 



the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 

effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 

In this particular section, an overall idea about the various principles and methodology used in the 

study of detecting motor learning skills of human subjects from the response of the brain-computer 

interface is provided. The Figure  provides an explicit description of the overall process taking place. 

At first with the help of 13 Ag/AgCl2 electrodes from different brain regions: prefrontal(Fp1 and Fp2), 

frontal lobe(Fz, F3, F4, F7, and F8), and basal temporal lobe(A1, A2, and Aav) EEG signals are captured. 

The EEG signals are then analyzed with the help of software to find the activation regions of the brain. 

The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 

is trained. In the training phase in each part, a block of 20 trials is provided. In the testing phase, these 

40 trials are provided in random order. The EEG signals are then filtered with the help of a band filter 

of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 

decrease in volume of water in the bottle, and iii)   a specific pattern of water volumes (for example, 

0.5L, 0.75L, and 1L in 3 consecutive experimental trials) in the bottle repeated over cycles. The N400 



signal is found to appear approximately 250MS away from the occurrence of the MI signal in the third 

window, in case the subject recognizes the repeated sequence. The motivation of the above 

experiment is to determine whether the subject can recognize the repetition of the sequence and 

learn the sequence. In case, the subject learns the sequence, she will be liberating the N400 signal 

after a short span of the release of the ME signal. The study of the above issues largely depends on 

the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 

it eliminates any partial learning. Therein lies the novelty of this method compared to others where 

the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 

effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 

In this particular section, an overall idea about the various principles and methodology used in the 

study of detecting motor learning skills of human subjects from the response of the brain-computer 

interface is provided. The Figure  provides an explicit description of the overall process taking place. 

At first with the help of 13 Ag/AgCl2 electrodes from different brain regions: prefrontal(Fp1 and Fp2), 

frontal lobe(Fz, F3, F4, F7, and F8), and basal temporal lobe(A1, A2, and Aav) EEG signals are captured. 

The EEG signals are then analyzed with the help of software to find the activation regions of the brain. 

The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 
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of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  
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CHAPTER-5 

EXPERIMENT 

TITLE: ASSESSMENT OF SUBJECTIVE MOTOR LEARNING 

ABILITY USING ERP N400 
  

I. INTRODUCTION 
 

Humans develop their motor skills through learning.  Such learning is a gradual development process 

experienced by people over the years. This project is concerned with the detection of the motor 

learning ability of human subjects in a Brain-Computer Interface (BCI) setting. An experimental setup 

is arranged to examine the muscle activation by motor execution signal. The experiment includes 4-

time windowed steps in a sequence.  In the first window, the subject is commanded to fix her 

attention to an on-screen fixation cross.  In time window 2, the subject is commanded to execute a 

motor task (such as picking up a bottle containing water). In Time-window 3, the subject executes the 

task and releases a motor execution (ME) signal, followed by an N400 signal.  The motivation of such 

an experiment is to check possible learning of the sequence of muscle activation signal amplitudes in 

3 distinct cases. The cases include: i) gradual increase in the volume of water in the bottle, ii ) gradual 
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the detection of the N400 signals.  The N400 signal, on the other hand, requires classification by a  

classifier. A  SVM model is proposed to classify the learning skills and fluctuations generated in the 

brain lobes during the process. In this model only crisp values are given as the input and clear  and 

output is also in the crisp form. As this model works well when there is a clear demarcation of classes 

, it adds a special value as it directly finds out through the classification of the N400 signal that skill is 

learned or not,  opposed to models where interim or partial results are also obtained for specifics i.e. 

it eliminates any partial learning. Therein lies the novelty of this method compared to others where 

the degree of membership (here it is analogous to learning) rather than definite value is focused. Thus 

any disturbances or noises get automatically eliminated which increases the efficiency further. 

Computational time is also much less compared to any such contemporary method. Due to all these 

various properties of the proposed model, it outperforms the traditional classifiers and is the most 



effective method of classification for this line of work.  Here the specific focus lies on the N400 signal 

which is an oddball signal due to its monotonic decreasing nature. The negative peak of the N400 

signal decreases as the subjects learn the skill. Here the change in the amplitude is given the focus 

rather than the absolute magnitude of the signal. 
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review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 

Thus experiment is performed under two phases 1)Training phase 2)Testing phase. At first in four 

segments by increasing the volume of water the subject is trained and made habituated with the 

weights. In the second part in four segments but in decreasing order of volume of water the subject 

is trained. In the training phase in each part, a block of 20 trials is provided. In the testing phase, these 

40 trials are provided in random order. The EEG signals are then filtered with the help of a band filter 

of order 10 and a cut-off frequency of 0.2 to5Hz. Two sets of BCI signals are specifically focused here 

, they are ERD/ERS and N400.  All kinds of noises and physiological produced artifacts are eliminated 

with the help of a filter.  
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The majority of the motor response has been obtained from the  frontal lobe. Through extensive 

review, it has been found that there is a predominance of N400 in the frontal-cortex region. All the 

voluntary movements are controlled by the primary cortex region and in the study. The primary 

concern in the paper is voluntary movements. In the experiment an appreciable amount of N400 

signal has been found in this region which also proves the above-stated statement. 4 different sets of 

stimuli by varying the volumes of water, was provided to the brain to prepare and test the subject. 
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IV. PROPOSED METHODS FOR N400 DETECTION 

 

A. Pre-processing and Filtering   

 

In this particular work both the involvement of the cognitive and motor regions are involved. This inturn 

bring the ERD/ERS signals. Both the signals are highly time-locked albeit not phase-locked moreover these 

signals are extremely frequency band specific, therefore proper signal processing is utmost necessary to 

bring the  absolute result. Here atfirst we are performing the filtering of the signals from each node. Then 

filtering of data specific to trials is also performed. Once we get the results it is averaged. Process is 

repeated for each trial like during 25%, 75% , 100% of the volume etc. In this particular work focus has 

been kept only on N400 signal 

 

In this part EEG signals are going to be processed with the goal to recognize the BCI signals. The BCI signals 

that is involved here is mainly N400. It has been found that N400 dominate in the fronto-central lobe. 

Most of the N400 are collected from Fz, F3, F4, F7, and F8 electrodes. It has have seen during the second 

phase of the experiment that during the testing phase if the person is able to recognize the volumes the 

negativity decreases.  

EEG trials are filtered at first by Chebychev filtering method to remove the different kinds of noise like 

common mode noise, thermal noise, power-line interfearance, undesired physiological signals and also 

help in removal of the physiological artefacts like shivering of the hands. These filters are taken into 

consideration cause  





























Chapter-6 

CONCLUSION 

A novel approach to assess the subjective motor-learning ability by utilizing the N400 event related 

potential (ERP) signal acquired from the scalp of the subjects. The N400 signal is liberated from the brain 

of human subjects with high negative amplitude at the early stage of the motor-learning task and the 

negativity of the amplitude is reduced after the completion of the motor learning process. The experiment 

is conducted to execute a motor learning task by picking up a bottle of water containing different volumes 

such as 0.25 L, 0.5 L, 0.75 L, and 1 L with a specific pattern repeated over cycles. The novelty of the research 

lies to classify the learning ability of subjects in 3 distinct levels (like High, Medium, and Low). Another 

important aspect of the present research is to determine the subjective abnormality in memory learning 

tasks by analyzing the repetition effect of the N400 signal.  The Friedman statistical test is performed to 

confirm the superiority of the proposed technique with other competitive techniques at a 95% confidence 

level. 
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