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A  novel  coefficient  computed  from  pre-cue  EEG  rhythms  over  different  regions  of the  brain  is  proposed.
The  feasibility  of  predicting  the  performance  of motor  imagery-based  BCI  based  on  the proposed  coefficient  is examined.
Significant  positive  correlation  between  the proposed  coefficient  and  accuracies  is achieved.
The  results  suggest  that  having  higher  frontal  theta  and  lower  posterior  alpha  prior  to performing  motor  imagery  may  result  in  better  BCI  performance.
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a  b  s  t  r  a  c  t

Background:  One  of  the main  issues  in  motor  imagery-based  (MI-based)  brain–computer  interface  (BCI)
systems  is  a large  variation  in  the classification  performance  of BCI  users.  However,  the  exact  reason
of  low  performance  of  some  users  is  still under  investigation.  Having  some  prior  knowledge  about  the
performance  of users  may  be  helpful  in  understanding  possible  reasons  of  performance  variations.
New  method:  In  this  study  a novel  coefficient  from  pre-cue  EEG  rhythms  is proposed.  The  proposed
coefficient  is  computed  from  the  spectral  power  of pre-cue  EEG  data  for  specific  rhythms  over  different
regions  of the  brain.  The  feasibility  of predicting  the  classification  performance  of  the  MI-based  BCI users
from  the  proposed  coefficient  is  investigated.
Results:  Group  level  analysis  on  N =  17  healthy  subjects  showed  that  there  is a  significant  correlation
r  =  0.53  (p =  0.02)  between  the  proposed  coefficient  and  the  cross-validation  accuracies  of the  subjects  in
performing  MI. The  results  showed  that  subjects  with  higher  cross-validation  accuracies  have  yielded
significantly  higher  values  of  the  proposed  coefficient  and vice  versa.
Comparison  with  existing  methods:  In comparison  with other previous  predictors,  this  coefficient  captures

spatial  information  from  the brain  in  addition  to spectral  information.
Conclusion:  The  result  of using  the  proposed  coefficient  suggests  that  having  higher  frontal  theta  and
lower  posterior  alpha  prior  to performing  MI  may  enhance  the  BCI  classification  performance.  This finding
reveals prospect  of designing  a  novel  experiment  to prepare  the  user  towards  improved  motor  imagery
performance.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction
Motor imagery-based (MI-based) brain–computer interface
BCI) systems have been widely used for both therapeutic and non-
herapeutic applications (Ang et al., 2011; van Erp et al., 2012).
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However, one of the current issues in most MI-based BCI systems
is that a non-negligible number of users (15–30%) cannot per-
form motor imagery well (Vidaurre and Blankertz, 2010); hence
they cannot properly use BCI systems. This may  be known as BCI
illiteracy or BCI deficiency. In fact, there is a big variance in the per-
formance of BCI users (Blankertz et al., 2010); however, the reasons
of such variation is still under investigation by many researchers.
Performing motor imagery results in event-related desyn-
chronization (ERD) and event-related synchronization (ERS) of
electroencephalogram (EEG) rhythms (Pfurtscheller and Lopes da
Silva, 1999). In other words, stronger ERD/ERS can indicate how
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Fig. 1. Timing scheme of each trial in the experiment. A beep sound followed by a
fixation cross on the screen notifies the subject about the start of the trial. A cue is

non-feedback session three runs of EEG data were collected while
A. Bamdadian et al. / Journal of Neu

ell the subject performs MI  task. BCI deficiency in subjects using
I-based BCI can be possibly attributed to their inability in modu-

ating EEG rhythms (Vidaurre and Blankertz, 2010). However, this
s not the case for all subjects with poor BCI performance. There

ay  be a mismatch between calibration session and evaluation
ession because of non-stationarity in the EEG (Arvaneh et al.,
013). Machine learning algorithms used in BCI systems may  not
e capable to deal with such non-stationarity, which may  adversely
ffect the BCI performance in the evaluation session (Vidaurre and
lankertz, 2010). Moreover, the reasons of BCI deficiency may  vary
mong subjects. Thus having some prior knowledge about the per-
ormance of the subjects may  lead us to investigate other possible
easons of performance variation in different subjects and also
ield in designing a novel experiment which aimed to help users
ith BCI deficiency (Blankertz et al., 2010; Grosse-Wentrup and

chölkopf, 2012). Therefore, it would be valuable to define a perfor-
ance predictor to predict performance of BCI users. This predictor
ay  estimate the performance of BCI users without performing a

ong time experiment. Therefore, in therapeutic applications it can
uickly help us to investigate whether BCI system is an appropri-
te assistant device for a patient. The previous studies on prediction
f BCI performance can be categorized into two different groups:
he first group are those focused on modulation of slow cortical
otentials (Daum et al., 1993; Kotchoubey et al., 2000; Neumann
nd Birbaumer, 2003; kübler et al., 2004), and the second group
re those proposed psychological/neurophysiological predictors
or sensorimotor rhythm (SMR)-based BCIs (Nijboer et al., 2008;
urde and Blankertz, 2006; Blankertz et al., 2010; Grosse-Wentrup
t al., 2011; Grosse-Wentrup and Schölkopf, 2012; Hammer et al.,
012; Maeder et al., 2012). However, so far none of them is widely
sed in BCI experiments.

Psychological parameters had shown to have moderate but
eaningful role on BCI performance (Burde and Blankertz, 2006;
ijboer et al., 2008; Hammer et al., 2012). Several psychological
redictors such as attention, personality or motivation were stud-

ed in (Hammer et al., 2012). It had shown by Nijboer et al. (2008)
hat mood and motivation play roles in learning how to use a BCI
ystem. Hence, psychological predictors could show the feeling of
sers on BCI systems that could reflect the performance of the BCI
sers. However, one of the limitations of the psychological predic-
ors is that they are mostly based on self-assessment criteria and
ot well quantified. Therefore, they are not as effective compared
o neurophysiological predictors (Hammer et al., 2012).

A new neurophysiological predictor was proposed by Blankertz
t al. (2010) based on the �- (9–14 Hz) and ˇ- (20–30 Hz) rhythms
ver sensorimotor area. To derive this predictor, 2 min of EEG data
n relax eyes open condition using two Laplacian EEG channels were
ecorded. They showed that there is a significant correlation r = 0.53
etween their defined SMR  predictor and performance of the 80
ealthy users. In a more recent study (Maeder et al., 2012) the effec-
iveness of this predictor for each single trial was investigated. The
esults showed that higher SMR  amplitude over 1 s prior the cue
esulted in significantly better classification performance. Gamma
and power was also introduced as another performance predictor
or SMR-based BCI (Grosse-Wentrup et al., 2011; Grosse-Wentrup
nd Schölkopf, 2012). In these studies, they showed that � oscil-
ation has causal influence on SMR. They also found out that the
rontal and occipital � oscillations positively and centro-parietal �
scillations negatively correlated to SMR  modulation. Finally, their
esults indicated that through proper training users would be capa-
le of shifting their � power from centro-parietal to frontal and
ccipital regions to enhance their performance.
The pre-stimulus alpha band had been previously used for pre-
icting the performance of some other mental tasks rather than
otor imagery (van Dijk et al., 2008; Fell et al., 2011; Haig and
ordon, 1998; Tangwiriyasakul et al., 2013; Romei et al., 2010;
shown on the screen at time 0. Subject starts performing either motor imagery or
idle right after the cue.

Rensink et al., 1997) and theta (Guderian et al., 2009; Missonnier
et al., 2006). Considering all previously mentioned studies, we  can
conclude that pre-stimulus EEG data have useful information about
the task performance. In other words, the state of brain before
providing a stimulus may  affect the performance of the subject.
Therefore we may  assume that by knowing the state of brain over
pre-stimulus time segment we can predict the performance of the
user over the following task. EEG rhythms can be used to define the
state of brain. In fact, there is a correlation between pre-stimulus
EEG rhythms and motor imagery performance (Maeder et al., 2012;
Grosse-Wentrup et al., 2011). Therefore, the goal of current study
is to propose a novel coefficient to predict the classification perfor-
mance of MI-based BCI. The proposed coefficient is computed from
the spectral power of pre-cue EEG rhythms over different regions of
the brain. We assume that there is a correlation between our pro-
posed EEG rhythm-based coefficient and the performance of the
users. To investigate our hypothesis several statistical analyses has
been done.

2. Methodology

2.1. Experimental setup

The EEG data was  collected from 17 healthy subjects. Two  out
of 17 subjects were left handed. All the subjects participated in
two different sessions: calibration session on a first day and non-
feedback session on a separate day. No feedback was provided for
the subjects during the experiment.

During the experiment a visual cue was displayed on the com-
puter screen which informed subject to perform either motor
imagery or idle. During motor imagery trials, subjects were
instructed to perform kinaesthetic hand motor imagery due to their
handedness. To define the idle state for subjects during idle trials,
they were instructed to perform mental counting. The main rea-
son is to make the idle state more consistent to reduce both inter-
and intra-subject inconsistency during the idle state. Prior to the
experiments, subjects were instructed to minimize any physical
movement and eye blinking throughout the EEG recording process.
All subjects were asked for ethics approval and informed consent.

In the calibration session two  runs of EEG data were collected.
Each run comprised of 40 trials of motor imagery and 40 trials of idle
state and lasted about 16 min. Fig. 1 represents the timing scheme
of each trial. As shown, each trial comprised a preparatory segment
of 2s, the presentation of the visual cue for 4s, and a rest seg-
ment of at least 6s. Each trial lasted approximately 10s, and a break
period of at least 2 min  was given after each run of EEG recording.
The EEG data collected during calibration session was used to cal-
ibrate the subject-specific model from motor imagery. During the
subjects performing motor imagery of the chosen hand versus idle
state. These three runs were almost similar to that of the calibra-
tion session, each lasted approximately 16 min  and comprised of
40 trials of motor imagery and 40 trials of idle state.
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data collected during calibration session to detect motor imagery
ig. 2. Number of trials (%) with excessive eye-blinks which removed from our
tudy.

The Nuamps EEG acquisition hardware (http://www.nueroscan.
om) with unipolar Ag/AgCl electrodes channels was  used to collect
EG data. The recorded signal was digitally sampled at 250 Hz with

 resolution of 22 bits for voltage ranges of ±130 mV.  EEG recor-
ings from all 27 channels were band pass filtered from 0.05 to
0 Hz by the acquisition hardware.

.2. Proposed coefficient for performance prediction

In this current work, we aim to propose a novel coefficient to
redict the classification performance of MI-based BCI from pre-
ue EEG data. As stated earlier, the state of subject’s brain before
roviding a cue contains some information about the performance
f the following task, and can be defined based on EEG rhythms.

The ratio of �/  ̌ had been used as an attention score in some
ttention deficit hyperactivity disorder (ADHD) studies (Massar
t al., 2012; Barry et al., 2009). Moreover, the role of  ̨ and � band
ower on attention had been previously studied (Missonnier et al.,
006; Lou et al., 2014; Wyart and Tallon-Baudry, 2009). It had
hown that higher pre-stimulus  ̨ power represents low atten-
ion state. However, higher � power represents higher attention
tate. On the other hand, it had shown (Klimesch, 1999) that the
ffect of alpha and theta band are related in an opposite way,
hich means that better performance is achieved by increasing

heta band power and decreasing alpha band power. Hence, we
eek to define a new coefficient which is computed from power of
re-cue EEG data over three frequency bands of theta, beta, and
lpha.

The recorded EEG signals are visually inspected and those tri-
ls with excessive eye-blinks, which have amplitude bigger than
20 �V are rejected. This is mainly done to avoid theta band power
eing obscured by eye-blinks components in our proposed coeffi-
ient. Fig. 2 summarizes the number of the removed trials for each
ndividual subject. As shown, less than 5% of trials are removed for
ll except one of the subjects.

Before calculating spectral powers, the cleaned EEG data from
ll the channels are filtered over � (3–8 Hz),  ̨ (8–13 Hz), and ˇ
16–24 Hz) frequency bands. Then, the filtered data are spatially

ltered by means of local average reference (LAR). The average
ctivity of the closest neighboring electrodes is subtracted from
ach individual electrode.
nce Methods 235 (2014) 138–144

On the next step, the EEG band power over each of the three
specified frequency bands is calculated and normalized over all
trials (Eq. (1)):

Ē
2
i = E2

i∑NT
j=1E2

j

(1)

where Ei ∈ R
c×t denotes the filtered single trial EEG measurement

of the ith trial; Ēi ∈ R
c×t is the normalized spectral power of the

ith trial over all trials; and NT shows the number of trials; t is
the number of EEG samples per channel; and c is the number of
channels.

According to the timing scheme of the experiment (see Fig. 1),
the time between hearing the beep sound and providing a cue on
the screen is 2 s. Hence, the normalized band power is averaged
over this pre-cue time segment (t ∈ [− 2, 0]):

Pb =
NT∑

i=1

∑

t∈[−2,0]

(Ē
b
i,t)

2
(2)

where Ē
b
i ∈ R

c×t denotes the filtered single trial EEG measurement
of the ith trial over frequency band of b ∈ {�, ˛, ˇ}; Pb ∈ R

c denotes
the average pre-cue frequency band-power over all trials; t is the
number of EEG samples per channel.

The proposed coefficient is defined based on the averaged fre-
quency band powers as follows:

F =
∑

c∈C�
P�

c
∑

c∈C˛
P˛

c +
∑

c∈Cˇ
Pˇ

c

(3)

where Pb
c denotes the average of pre-cue frequency band-power for

cth channel; b is frequency band of ∈{�, ˛, ˇ}; and C� , C˛, and Cˇ

are selected channels from frontal, parietal and central area.
The activation patterns of different regions of the brain over

specific frequency bands are not similar, this leads us to con-
sider topographical information in our proposed coefficient. We
assumed that a coefficient based on EEG rhythms from different
brain regions might be more informative in predicting the perfor-
mance of the users. It had shown previously in some studies that
theta band power over frontal area and alpha band power over
parietal area can somehow represent the attention of the users
(Missonnier et al., 2006; Sauseng et al., 2005). Therefore, to have
a more meaningful neurophysiological predictor, we calculate the
pre-cue EEG band powers over different regions of the brain. In Eq.
(3), the theta, alpha and beta band powers are averaged over frontal
area C� ={F3, Fz, F4}, parietal area C˛ ={P7, P3, Pz, P4, P8} and central
midline area Cˇ ={Cz, Cpz}.

We hypothesize that there is a positive correlation between our
proposed EEG rhythm-based coefficient (Eq. (3)) and the perfor-
mance of user. To investigate our hypothesis we perform a group
level analysis, Pearson’s correlation coefficient between the pro-
posed coefficient of all users and their accuracies is computed. The
significance level of the test can prove the validity of our initial
assumption and show how well this novel coefficient can predict
the performance of users.

2.3. Classification performance evaluation of subjects

In this paper the performance of subjects are evaluated based
on the classification accuracy of the non-feedback session. As men-
tioned earlier in Section 2.1, a model is trained based on the EEG
during the non-feedback session. For estimating the performance
of the users, filter bank common spatial pattern (FBCSP) algorithm
proposed by Ang et al. (2012) is used. Comparing to common

http://www.nueroscan.com
http://www.nueroscan.com
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and ad with low performance (accuracy less than 70%) are quite
comparable to that of the subjects with high performance such as
kk. On the other hand, subject jh with CV accuracy = 74.7% has the
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ig. 3. ERD/ERS time courses of healthy subject kk.  Plots show �, ˛, and  ̌ bands E
arietal (P7, P3, Pz, P4, P8) area, respectively. The graphs are smoothed by means o

patial pattern (CSP), FBCSP can select subject-specific frequency
ands and results in better performance.

FBCSP has four progressive stages, on the first stage it band pass
lters the EEG signal in 9 different bands, namely, 4–8, 8–12, . . .,
6–40 Hz. Then second stage employs the CSP to spatially filter the
ignal. For each band 2 pairs of features are selected. Therefore, the
otal number of features is 36. On the third stage a feature selection
lgorithm is applied to select the discriminative CSP features. The
est 4 pairs are selected by means of mutual information. On the last
tage the selected features are fed into a support vector machine
SVM) classifier. The final accuracy shows how well the subjects
an discriminate motor imagery versus idle state.

. Results

As stated earlier the proposed coefficient (Eq. (3)) was com-
uted from 2 s of pre-cue EEG data. In order to show the changes
f EEG power over each studied frequency bands, the ERD/ERS
ime courses for each single channel were calculated based on the

ethod described by Pfurtscheller and Lopes da Silva (1999). Fig. 3
hows ERD/ERS time courses of subject kk who had high perfor-
ance. In this figure the average relative power of each �, ˛, and ˇ

requency bands over selected channels from frontal, parietal and
entral area are plotted. As can be seen in this figure, EEG band
owers start to decrease before a cue is provided for the subject at
ime 0. Hence, we may  infer that pre-cue time segment contains
nformation about the task that subject is instructed to perform
fter cue timing.

Here in this paper, the accuracy of subjects is used as a measure
f performance in MI  task. To have a better estimate of users’ per-
ormance, 10×10-fold cross-validation (CV) accuracies of users for
on-feedback session was calculated and used for future analysis.
ig. 4 shows box plot of 10×10-fold cross validation (CV) accura-
ies for 17 healthy subjects during the non-feedback session. As
hown, the median accuracies of the subjects vary from 50% to
5.8%. Subjects with accuracies less than 70% can be considered
s low performance subjects (kübler et al., 2004). In other words,
ubjects with accuracy less than 70% are not successful in using BCI
ystem and they can be considered as BCI deficient (Blankertz et al.,
008). Hence, the subjects can be divided into two  groups: subjects
ith low performance (median = 58.33%) and subjects with high
erformance (median = 85.42%).

A Pearson correlation coefficient was computed to assess the
elationship between the proposed predictor and the classifica-
ion performance of the subjects. The higher correlation value
 and lower corresponding significant level p demonstrate the
trength of their relationship. There was a significant positive corre-
ation between the proposed predictor and CV accuracies (r = 0.53,

 = 0.02). This means that the proposed predictor explained as much
S averaged over selected channels from frontal (F3, Fz, F4), central (Cz, Cpz) and
ng average.

as r2 = 29% of the variance in classification performance of the sub-
jects. Therefore, the correlation result indicates that subjects with
higher classification accuracy have higher value of the predictor
and vice versa. Fig. 5 represents the values of the proposed pre-
dictor versus CV accuracies for each individual subject. As can be
seen in this figure, high performance subjects (pl, s, ks,  lj, kk,  hj,
ab, zy)  have higher values of the predictor in comparison with low
performance subjects (hh, hd,  wy,  kx,  ly, at).

A Mann–Whitney U-test (Fig. 6) was  conducted to compare the
value of the proposed predictor for low (Group 1) and high per-
formance subjects (Group 2). The subjects in Group 1 and Group
2 were chosen based on their classification performance. Group
1 contains subjects with accuracy less than 35th percentile, while
Group 2 contains subjects with accuracy above 65th percentile. The
results of the test showed that the value of the predictor for subjects
with high performance (Fmedian = 0.54) was  significantly (p = 0.008)
higher than the value of the predictor for subjects with low perfor-
mance (Fmedian = 0.33). Therefore, it can be concluded that subjects
with higher classification accuracy have significantly higher value
of the proposed predictor or higher attention level. By the way, the
significance level of the result may  change by grouping the subjects
in other ways.

The values of the proposed predictor for two of the subjects yz
wy hd hh ly at kx ad yz jh ab kk  s zy ks lj hj pl
Subjects

Fig. 4. Box-plot of 10×10-fold cross-validation accuracies of 17 healthy subjects
during non-feedback session.
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ubjects. Group 1 are six subjects with accuracy less than 35th percentile and Group
 are the six subjects with accuracy above 65th percentile. (Mann–Whitney U-test
p < 0.05).

owest predictor value. As shown in Fig. 4, these three subjects have
oderate accuracies, they are placed somehow in the middle of the

raph between two groups of subjects.
In order to improve the proposed predictor in Eq. (3), it had been

odified by normalizing theta band power over weighted sum of
lpha and beta band powers as follows:

new =
∑

c∈C�
P�

c

�
∑

c∈C˛
P˛

c + (1 − �)
∑

c∈Cˇ
Pˇ

c

(4)

here � ∈ [0, 1] is a weighting factor. Fig. 7a summarizes the results
f group level correlation analysis for different values of � in Eq.
4). As can be seen, for � ≤ 0.67 we have a significant correla-

ion between Fnew and performance. Highest correlation (r = 0.62,

 = 0.007) is achieved by � = 0.16. Fig. 7b shows group level cor-
elation analysis for some of the selected � values. However, for
ifferent values of weighting factor �, the six lowest performance
nce Methods 235 (2014) 138–144

subjects had always significantly lower values of Fnew in compari-
son with the six highest performance subjects.

4. Discussion

In this study, we  hypothesize that current state of brain which is
defined based on pre-cue EEG data is informative for performance
prediction. According to our experimental design, the subject was
instructed to stop any movement and be ready for the following
task after hearing a beep sound. Before this beep sound there was a
rest time during which the subject was  allowed to be relaxed with-
out any special instruction. Hence, the recorded signal contained
several artifacts and it was not reliable to be used for our analy-
sis. The time between hearing the beep sound and the cue timing
was around 2 s. As stated earlier the power of EEG signal over this
time segment was computed for ˛, ˇ, and � frequency bands and
used to quantify the current state of brain. ERD/ERS time course
shown in Fig. 3 reveals that the relative powers start to decrease
two seconds before cue timing. Therefore, this time segment was
used in calculating the attention level of user prior the start of trial
at time 0.

Although brain’s functionality during different tasks is not the
same, it is common in all tasks that state of brain can affect the sub-
ject’s performance. To define the brain’s state we  tried to capture
spatial and spectral information in our new predictor. There are sev-
eral studies in performance prediction which reviewed in Section
1; however, pre-cue information of different frequency bands over
different regions of the brain has not been used for prediction so
far.

As stated earlier, in the proposed coefficient theta band power
is calculated over frontal area. Frontal theta activity had previously
shown to be related to attention (Missonnier et al., 2006). It had
shown that attentional processes and working memory are closely
related, which means that increase in frontal theta activity is due to
increase of working memory load. In other words, higher attention
level is expected when there is higher frontal theta activity. This
may  justify the reason of focusing on frontal theta as a part of the
coefficient proposed for attention level quantification. According to
our electrode setup the frontal channels F3, Fz, and F4 are selected
to calculate theta activity. Several studies had shown the role of pre-
stimulus alpha over parietal and occipital area (Haig and Gordon,
1998; Romei et al., 2010; Rensink et al., 1997). They concluded
that lower alpha results in higher accuracy (Romei et al., 2010;
Rensink et al., 1997) and faster reaction time (Haig and Gordon,
1998). Therefore, in our proposed coefficient alpha band power is
calculated over parietal area (P7, P3, Pz, P4, P8).

As we define brain’s state by attention level, we  assume that
subjects with higher accuracies have higher attention level, which
means that we do expect to see higher values of the coefficient for
users with high performance. Due to the definition of our proposed
coefficient (Eq. (3)), higher attention level is achieved by having
higher frontal theta and lower parietal alpha. Our results showed
significant positive correlation between our proposed coefficient
and accuracies of the users, which implies our initial assump-
tion was correct. Moreover, group level analysis demonstrated that
by giving different weights to alpha and beta band power in Eq.
(4), higher correlation was  achieved. This may  suggest that EEG
rhythms should have different weights in quantifying attention
level of subjects.

Although significant positive correlation was  achieved in group
level analysis, as shown in Fig. 5 and stated in Section 3, the values

of the proposed coefficient is totally different for subject yz,  ad,
jh. These three subjects have moderate accuracies with different
values of the predictor. Hence, it may  be assumed that the predicted
accuracies for some of the subjects are not precise. Currently our
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ig. 7. Analysis the effect of weighting factor � = [0 1] on the proposed coefficient. (a
nd  proposed coefficient (Fnew) for selected values of � = 0, 0.16, 0.5, and 1.

ndings were tested on a group of 17 subjects with various range
f performance. This can be considered as a limitation of our study.
t would be appreciated to test the proposed coefficient on a bigger
ata set with more number of subjects, which is one of our future
oals.

. Conclusion

In this work we demonstrated that pre-cue EEG rhythms con-
ain useful information about the following motor imagery task. It
ad shown in several previous studies that pre-stimulus EEG data
an be used for predicting the performance of the users for the fol-
owing task regardless of the type of the task (i.e., memory task,

ental workload, engagement, oddball). In fact, pre-cue EEG data
an somehow show the current state of brain. Defining the current
tate of brain is not straightforward, since it may  be affected by dif-
erent factors such as changes in subject’s attention, concentration,
ngagement, mood and some other factors.

Therefore, it can be concluded that by defining the current state
f brain, we can predict the performance of user. Here, we assumed
hat the attention level of user is a good indicator of brain’s state.
ence, we tried to quantify the attention level. The proposed coef-
cient may  be considered as one of the possible quantification of
ttention level. In order to include topographic information in the
roposed coefficient, power of EEG signal over different regions
f the brain was computed. In this way we can capture spatial
nd spectral information and better represent the current state of
rain.

The group level correlation analysis represents that the new
roposed coefficient was positively correlated to the accuracies of
sers during motor imagery versus idle task. The results suggested
hat subjects with higher (lower) accuracies have higher (lower)
alues of the proposed coefficient. However, from this study we
annot infer that this is a causal correlation. In conclusion, the
esults of this paper are based on group level analysis. In future,
e plan to validate the effectiveness of our proposed coefficient in

ingle trial analysis, and the parameters of the proposed coefficient
ay  adapt according to attention level of subject. This can also leads
s to have a new design of experiment to specifically help subjects
ith BCI deficiency. As an example, in the new design whenever

he subject is not ready to perform motor imagery task we may  ask
ser to perform a small test to reach an appropriate attention level.
sponding r- and p-values for different values of �. (b) Correlation between accuracy

This new experimental design can make MI-based BCI systems to
be applicable for all users.

Acknowledgement

This work was supported by the Science and Engineering
Research Council of A*STAR (Agency for Science, Technology and
Research).

References

Ang KK, Chin ZY, Wang C, Guan C, Zhang H. Filter bank common spatial pattern
algorithm on BCI competition IV datasets 2a and 2b. Front Neurosci 2012];6.

Ang KK, Guan C, Chua KSG, Ang BT, Kuah CWK, Wang C, Phua KS, Chin ZY, Zhang H.
A large clinical study on the ability of stroke patients to use an EEG-based motor
imagery brain–computer interface. Clin EEG Neurosci 2011];42(4):253–8.

Arvaneh M,  Guan C, Ang KK, Quek C. Optimizing spatial filters by minimizing within-
class dissimilarities in electroencephalogram-based brain–computer interface.
IEEE Trans Neural Netw Learn Syst 2013];24(4):610–9.

Barry RJ, Clarke AR, Johnstone SJ, McCarthy R, Selikowitz M. Electroencephalogram
�/  ̌ ratio and arousal in attention-deficit/hyperactivity disorder: evidence of
independent processes. Biol Psychiatry 2009];66(4):398–401.

Blankertz B, Losch F, Krauledat M,  Dornhege G, Curio G, Müller KR. The Berlin
brain–computer interface: accurate performance from first-session in BCI-naive
subjects. IEEE Trans Biomed Eng 2008];55(10):2452–62.

Blankertz B, Sannelli C, Halder S, Hammer EM,  Kübler A, Müller K-R, Curio G,
Dickhaus T. Neurophysiological predictor of SMR-based BCI performance. Neu-
roImage 2010];51(4):1303–9.

Burde W,  Blankertz B. Is the locus of control of reinforcement a predictor
of  brain–computer interface performance? In: International brain–computer
interface workshop and training course; 2006]. p. 76–7.

Daum I, Rockstroh B, Birbaumer N, Elbert T, Canavan A, Lutzenberger W. Behavioural
treatment of slow cortical potentials in intractable epilepsy: neuropsychological
predictors of outcome. J Neurol Neurosurg Psychiatry 1993];56(1):94–7.

Fell J, Ludowig E, Staresina BP, Wagner T, Kranz T, Elger CE, Axmacher N. Medial tem-
poral theta/alpha power enhancement precedes successful memory encoding:
evidence based on intracranial EEG. J Neurosci 2011];31(14):5392–7.

Grosse-Wentrup M,  Schölkopf B. High gamma-power predicts perfor-
mance in sensorimotor-rhythm brain–computer interfaces. J Neural Eng
2012];9(4):046001.

Grosse-Wentrup M, Scholkopf B, Hill J. Causal influence of gamma  oscillations on
the sensorimotor rhythm. NeuroImage 2011];56:837–42.

Guderian S, Schott BH, Richardson-Klavehn A, Dzel E. Medial temporal theta state
before an event predicts episodic encoding success in humans. Proc Natl Acad
Sci  USA 2009];106(13):5365–70.

Haig AR, Gordon E. Prestimulus EEG alpha phase synchronicity influences N100
amplitude and reaction time. Psychophysiology 1998];35(5):591–5.
Hammer EM, Halder S, Blankertz B, Sannelli C, Dickhaus T, Kleih S, Müller K-
R, Kübler A. Psychological predictors of SMR-BCI performance. Biol Psychol
2012];89(1):80–6.

Klimesch W.  EEG alpha and theta oscillations reflect cognitive and memory perfor-
mance: a review and analysis. Brain Res Rev 1999];29(2–3):169–95.

http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0005
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0010
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0015
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0020
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0025
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0030
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0035
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0040
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0045
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0050
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0055
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0060
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0065
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0070
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0075


1 roscie

K

K

L

M

M

M

N

N

P

44 A. Bamdadian et al. / Journal of Neu

otchoubey B, Haisst S, Daum I, Schugens M, Birbaumer N. Learning and selfregula-
tion of slow cortical potentials in older adults. Exp Aging Res 2000];26(1):15–35.

übler A, Neumann N, Wilhelm B, Hinterberger T, Birbaumer N. Predictability of
brain–computer communication. Psychophysiology 2004];18:121–9.

ou B, Li Y, Philiastides MG,  Sajda P. Prestimulus alpha power predicts fidelity of sen-
sory encoding in perceptual decision making. NeuroImage 2014];87(0):242–51.

aeder CL, Sannelli C, Haufe S, Blankertz B. Pre-stimulus sensorimotor rhythms
influence brain–computer interface classification performance. IEEE Trans Neu-
ral Syst Rehabil Eng 2012];20(5):653–62.

assar SAA, Rossi V, Schutter DJLG, Kenemans JL. Baseline EEG theta/beta ratio and
punishment sensitivity as biomarkers for feedback-related negativity (FRN) and
risk-taking. Clin Neurophysiol 2012];123(10).

issonnier P, Deiber MP,  Gold G, Millet P, Gex-Fabry Pun M,  Fazio-Costa L, Gian-
nakopoulos P, Ibez V. Frontal theta event-related synchronization: comparison
of  directed attention and working memory load effects. J Neural Transm
2006];113(10):1477–86.

eumann N, Birbaumer N. Predictors of successful self control during brain com-

puter communication. J Neurol Neurosurg Psychiatry 2003];74:1117–21.

ijboer F, Furdea A, Gunst I, Mellinger J, McFarland DJ, Birbaumer N, Kbler A. An
auditory brain–computer interface (BCI). J Neurosci Meth 2008];167(1):43–50.

furtscheller G, Lopes da Silva FH. Event-related EEG/MEG synchronization and
desynchronization: basic principles. Clin Neurophysiol 1999];110(11):1842–57.
nce Methods 235 (2014) 138–144

Rensink RA, O’Regan JK, Clark JJ. To see or not to see: the need for attention to
perceive changes in scenes. Psychol Sci 1997];8(5):368–73.

Romei V, Gross J, Thut G. On the role of prestimulus alpha rhythms over occipito-
parietal areas in visual input regulation: correlation or causation? J Neurosci
2010];30(25):8692–7.

Sauseng P, Klimesch W,  Stadler W,  Schabus M,  Doppelmayr M,  Hanslmayr S,
Gruber WR,  Birbaumer N. A shift of visual spatial attention is selectively
associated with human EEG alpha activity. Eur J Neurosci 2005];22(11):
2917–26.

Tangwiriyasakul C, Verhagen R, Putten MJAMV, Rutten WLC. Importance of baseline
in event-related desynchronization during a combination task of motor imagery
and motor observation. J Neural Eng 2013];10(2):026009.

van Dijk H, Schoffelen J-M, Oostenveld R, Jensen O. Prestimulus oscillatory
activity in the alpha band predicts visual discrimination ability. J Neurosci
2008];28(8):1816–23.

van Erp J, Lotte F, Tangermann M.  Brain–computer interfaces: beyond medical appli-
cations. Computer 2012];45(4):26–34.
Vidaurre C, Blankertz B. Towards a cure for BCI illiteracy. Brain Topogr
2010];23(2):194–8.

Wyart V, Tallon-Baudry C. How ongoing fluctuations in human visual cortex
predict perceptual awareness: baseline shift versus decision bias. J Neurosci
2009];29(27):8715–25.

http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0080
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0085
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0090
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0095
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0100
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0105
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0110
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0115
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0120
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0125
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0130
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0135
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0140
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0145
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0150
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0155
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160
http://refhub.elsevier.com/S0165-0270(14)00217-9/sbref0160

	The predictive role of pre-cue EEG rhythms on MI-based BCI classification performance
	1 Introduction
	2 Methodology
	2.1 Experimental setup
	2.2 Proposed coefficient for performance prediction
	2.3 Classification performance evaluation of subjects

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgement
	References


