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Graphical abstract Abstract

Cortical network between brain regions is one of the topics that being investigated by
brain researchers. Methods that are used to investigate brain developments of
cognitive function include Partial Directed Coherence (PDC) and the power spectrum
of the brain activity. The purposes of this study were to determine the cortico-cortical
functional connectivity between brain regions using PDC and to investigate the power

Indicator:

) spectrum of brain activity while performing cognitive function assessments. Twenty

@ -romaiongrers healthy young adults, age between 20 to 30 years old, were asked to perform two
() - rtormation reeives tasks/tests; Trail Making Test (TMTA-alphabet, TMTA-number, TMTB-mixed alphabets and
—> - Information flow numerical) and Stroop Task. An electroencephalogram (EEG) machine was used to
record the brain signals, and the data were analyzed using PDC and Fast Fourier

Transform (FFT).Our findings showed that not only frontal area but temporal and
occipital area also generates information and the information was sent to various
scalp location. Theta frequency was significantly increased at frontal area while
gamma and high-gamma frequency bands were significantly increased at centro-
parieto-occipito-temporal regions. All of these areas are associated with cognitive
function doing specific task.

Keywords: Cognifive function, functional connectivity, partial directed coherence,
power spectral density

Abstrak

Jaringan korteks di antara bahagian otak merupakan kajian penting di kalangan para
penyelidik otak. Perkembangan otak pada fungsi kognitif dikaji fermasuk spekfrum
kuasa otak. Tujuan kajian adalah untuk menentukan keterkaitan fungsi kortikal-kortikal
antara bahagian otak menggunakan Parfial Directed Coherence (PDC), dan
mengkaiji spektrum kuasa akfiviti otak ketika menjalankan ujian fungsi kognifif. Dua
puluh orang dewasa yang sihat diikendalikan untuk melakukan dua fugas; Trail
Making Test (TMTA-alphabet, TMTA-number, dan TMTB) dan Stroop Task. Mesin
electroencephalography (EEG) digunakan untuk merekodkan isyarat otak dan data
dianalisis menggunakan PDC dan Fast Fourier Transform (FFT). Keputusan menunjukkan
maijoriti maklumat untuk kedua-dua ujian berasal dari bahagian frontal dan temporal,
dan beberapa maklumat melibatkan bahagian occipital. Tambahan pula, maklumat
di hantar kepada semua bahagian-bahagian otak. Jalur theta telah meningkat naik
di bahagian frontal semasa kedua-dua ujian dijalankan. Sebagai kesimpulan, fungsi
kognitif bukan sahaja berlaku di kawasan frontal tetapi ia mungkin berlaku di
bahagian otfak lain mengikut fungsi mereka tersendiri.

Kata kunci: Fungsi kognitif, keterkaitan fungsi, partial directed coherence, kepadatan
spektrum kuasa
© 2016 Penerbit UTM Press. All rights reserved

78:7-5 (2016) 97-103 | www.jurnalteknologi.utm.my | eISSN 2180-3722 |



98 Hashim et al. / Jurnal Teknologi (Sciences & Engineering) 78:7-5 (2016) 97-103

1.0 INTRODUCTION

Cognitive function is one of the cognitive processes
that enable people to manage and complete routine
tasks and activities in life. These activities involve
paying attention and responding to solve a problem
(shifting fask), maintaining focus on a tfask (inhibition
task), and flexibility adjusting planning and organizing
to a new priority (shifting task) [1-3]. Cognitive function
has been generally studied among researchers as it
can enhance human skill and also help determine
cognitive disabilities[4-6].

There are several assessments that can be
conducted in order to perform cognitive function. Trail
Making Test is one of the assessments which has been
used in neuropsychology field in identifying cognitive
flexibility of a person in their motor speed and focusing
in shiffing task [7, 8]. Another task that involved in
cognitive function is Stroop Task; which is one of the
main executive function in inhibiting voluntarily in
surroundings [9].

The functional connectivity of cortical networks is
characterized by the information networks between
distant brain regions during brain activity, and is usually
studied using  Electroencephalography  (EEG),
Magneto-encephalography  (MEG) [10], Positron
Emission Tomography (PET) [11], and Functional
Magnetic Resonance Imaging (fMRI) [12]. To estimate
the functional connectivity of information flow through
various brain  regions, directional connectivity
techniques based on parametric modeling measures
such as Granger causality (GC), directed transfer
function (DTF), and partial directed coherence (PDC)
[13, 14] can be used. All measurement methods have
their advantages and disadvantages, and several
papers have used PDC as their directional connectivity
measure as it can detect less non-causal connections
and had the highest sensitivity for connections in
simulations of EEG signal[15-17].

Currently, power spectrums have been practically
studied in the cognitive field for searching the function
of various brain rhythms. There are six frequency bands
of brain rhythm; delta, § (0.5-4 Hz), theta, 6 (4-8 Hz),
alpha, a (8-12 Hz), beta, g (12-38 Hz), gamma, y (38-42
Hz), and high-gamma, hy (42-120 Hz).

In the present studies, we aimed to discover the
connection between corfical networks when
performing cognifive function task by using PDC
method. In addition, we furthered our studies by
identifying the power specfrum of brain rhythm when
completing executive function assessments.

2.0 EXPERIMENTAL
2.1 Participants

There were twenty healthy participants that fook part
in the studies (15 females and 5 males). The range of
ages was between 20 to 30 years old. All participants
needed to take their meals before the assessments
started.

2.2 EEG Recordings

The EEG signals were recorded with EEG machine
(Nihon Kohden). 19-channels of electrode cap, in
accordance with the International 10-20 System, was
applied to parficipants’ scalp in order to capture the
brain’s activity (i.e.: Fp,., Fp,, F5. F,, C5, C4, P35, Py, 04, Oy,
F,, Fg, T3, T,, Ts, T, F;, C;, and P, ).Another two
electrodes disk of silver/silver chloride (Ag/AgCl) were
attached at the earlobes of participant as references
(i.,e.: A; and A,). The 19-channels and the references
are illustrated as in Figure 1. The bandpass values were
set between 0.05 Hz - 120 Hz and the impedance
values was kept below 20kQ.

Indicator:

- Frontal area
- Central area
- Parietal area
- Temporal area

- Occipital area
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Figure 1 10-20 Electrode placement system with A1 and
Aoreferences

2.3 Procedures

Each participant was given two conditions to perform,
i.e. Confrol State and Task State. In Confrol State,
participants need to relax their mind for 60 seconds
while their brain activity was recorded. Then, they
would confinue to do Task State that contains two
tasks; Trail Making Test (TMT) and Stroop Tasks (ST).
Each task was repeated 5 times, and was completed
on different day in order to observe the different way
of thinking between the fasks.

In TMT task, there would be another three sub-tasks
for participants to accomplish; TMTA-alphabet, TMTA-
number, and TMTB-mixed alphabets and numerical
(TMTB-num&al). This TMT task required participants to
frail 25 encircled number and alphabet; depends on
the sub-task instruction, from starting point unfil the end
point using pencil. For both TMTA-alphabet and TMTA-
number, participants were required to make a series of
ascending alphabet or number, while for TMTB-
num&al, they need to make an alternating series of
number and alphabet. In all TMT sub-tasks, participants
were insfructed to complete the trail correctly with no
specific end time.

Meanwhile for ST task, it required every parficipant to
answer the colour of the word instead of the name
that was written in colour word. There were six colours
appeared randomly with congruent and incongruent
colour. Every participant need to accomplish the task
with 30 trials and each trial must be answered within 2
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seconds. The task was done using online website:
http://cognitivefun.net/.

2.4 Partial Directed Coherence

The information flows between brain actfivities can be
determined by using PDC method. PDC is a frequency
domain of Multivariate Autoregressive (MVAR) models
that represent from the concept of Granger Causality
(GC), which interprets the relative strength of bi-
directional structure interaction between multiple
channels of EEG signal [18,19].

The PDC equation is derived from the MVAR model
as in equation (1);

X('I’l) = Zf:l ATX(n - T) + {(n) “ )

where A, is the estimation of M x Mcoefficient matrix,
a;;; which represent the relationship of fime series
between present value, x; = x;(n) is depending linearly
on the past value, x; = xj(n —r), and {(n) is a Gaussian
white noise of M-dimension. The p model order is
based from the Akaike information criterion; p = 3.

Thus, from the Fourier transform of MVAR model, A(f)
as in equation (2);

A(f) =1-3E_, Ayem2v (2)
where [ is the M-dimensional identity matrix. PDC

equation can be concluded as in equation (3) with
the condition set as in equation (4).

Ai;(f)
(1) = —D— ®)
|42 +|42; ()
] L3, Ay(e ™ i
Ay(f) = — 3P A i(r)eizmr otherwise “
r=14j ’

The result from PDC method would depicted 19x19
maftrix graph as in Figure 2. The x-axis represents the 19-
channels of corfical networks that generate
information while y-axis represents the corfical
networks that receive the information. The information
flows between channels of EEG signals were
determined by selecting the value of 0.4 and above
from the matrix graph as in Figure 3.

2.5 Power Spectrum

The spectral power in six different frequency bands
was determined by analyzing the EEG signal using Fast
Fourier Transform (FFT).

Then, each normalization of frequency bands was
analyzed and statistical analysis using paired two-
tailed t-test was performed between Control and Task
State with significant difference below than 0.05(p <
0.05). T-test is used to look for a difference in means of
two sample populations. Two-tailed was used to find
increased or decreased frequency band in the EEG
signal and paired condition was used because of the
“repeated measure” performed.
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Figure 2 19 x 19 EEG channels maftrix graph

Above 0.04 value

Figure 3 Indicator for information flows from x-axis foy-axis

Then the transformed data were normalized as in
equation (5).

Y. freq.band

Y. each freq.bands %100 (5)

Normalization =

3.0 RESULTS AND DISCUSSION

In Trail Making Test and Stroop Task, each task and
sub-task was repeatedfive (5) times to complete the
task (In total, 20 participants x 5 trials = 100 trials).

3.1 Functional Connectivity

The first objective of this paper was to identify the
functional connectivity of brain region while doing
cognitive function task. An example (from one of the
participant) for directions of information flow between
19-channels in brain region is as illustrated in Figure 4.
There were location (shaded circle) that generated
information when doing the task, and the information
was sent to other location as depicted by location atf
the end of the arrow fo receive the information. The
information generated and information received was
investigated for all 19 scalp location for each task.
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Indicator:

. - Information source
Q - Information sink

—> - Information flow

Figure 4 Functional connectivity between brain regions

Figure 5 shows the scalp location/channel for
generated information in Trail Making Test. Overall, the
highest number of channels that generated the
information was at F, channel. For TMTA-alphabet and
TMTA-number, the brain areas that generated the
instruction were mostly at frontal;Fp;, Fp,, F;, and Fg,
temporal; T5, T,, Ts, and T,, and occipital area; 0, and
0, . Meanwhile in TMTB-num&al, the generated
information were distributed over various brain areas;
frontal (i.e.: Fp,, Fp,, F5, F,, F;, Fg, and F;), temporal
(ie.. T3, T,, Ts, and T, ), occipital (i.e.: 0, and 0,),
parietal (i.e.: P; and P,), and cenfral area (i.e.: €3 and
Cy).

- = N M w w s

Fpl |Fp2| F3 | F4 | C3|C4 | P3| P4 |O1 |O2|F7 | F8 | T3 | T4 | T5|T6 | Fz|Cz| Pz
mTMTA-alphabet | 50 | 73 | 45 | 61 | 51 | 50 | 60 | 62 | 44 | 44 | 49 | 57 | 50 | 52 | 40 | 36 | 48 | 50 | 57

B TMTA-number 55 | 60 | 37 | 46 | 38 | 47 | 44 | 55 | 43 | 42 | 42 | 46 | 41 | 35 | 43 | 47 | 33 | 49 | 49
®TMTB-numaal 67 | 55 | 55| 53 | 50 [ 50 | 51 | 59 | 63 | 54 | 51 [ 53 | 43 | 54 | 44 | 51 | 51 | 50 | 57

Figure é Scalp location that receives generated information
during TMTA-alphabet, TMTA-number, and TMTB-num & al
sub-tasks and its rate

Meanwhile, Figure 8 shows the number of
information receiving channels in the task. The highest
number that had information been sent to was
atFp,and Fp, scalp location/channels.

Fol|Fp2l F3 [ Fa|ca[ca[ P3| pPaloio2] F7[Fe8] T3] 14 15[ 16 Fz [ Cz] P2
[mstroopg 27 [24[ 9 oo 4o 110|383 ]17][12]20]34f 91 [1[2[5]

Figure 7 Scalp location that generates information during
Stroop Task and its rate

° Fp1 |Fp2 | F3 | F4 | C3 | C4 | P3 .PAI O1 |02 | F7 | F8 |13 | T4 | T5 | T6 | F Cx. Pz
®TMTA-alphabet | 1 2 1 7{o0jojo|2]8]1 2 1 2 |2 59|00 1
W TMTA- 1 1 700 1 20|81 2 1 2 1 5|4 1 oo
W TMTB-num&al 1 1 4 1 3 0 4 3|1 7|3 8 |2 1 1 8 5 2 0

Figure 5 Scalp location that generates information during
TMTA-alphabet, TMTA-number, and TMTB-num & al sub-tasks
and its rate

Figure 6 shows the scalp location that received the
information from the source. For all TMT subtasks, the
information had been sent to all brain areas but they
might differ in occurrence rate according to the task
given. More than 50 out of 100 trials in TMTA-alphabet
and TMTA-number had frontal; Fp,, Fp,, F,, and Fg,
parietal; P;and P, brain location as the information
sink. For TMTB-num&al, half of the ftrials of these
receiving channels (information sink), were mostly at
fronto-parieto-occipital areas.

Figure 7 shows the number of information generated
channels for Stroop Task. As shown in the figure, the
channel that generates information most frequently
was at T, (right temporal area).
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[=stroop| 57| 58| 37 44 45[ 52| 37] 40| 41 [ 52[ 52 50| 44| 45 36| 52| 50| 48] 50]

Figure 8 Scalp location that receives the generated
information during Stroop Task and its rate

3.2 Power Specirum

The second objective of the paper was to discover the
spectral power of the brain rhythm for these cognitive
tasks. The frequency bands in the Confrol State and
Task State were statistically analyzed based on paired
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t-test analysis with significant differences of *p < 0.05, *
*p < 0.01, and *xxp < 0.001.0nly results with significant
difference are illustrated in Figure 9 and 10 for Trail
Making Test and Stroop Task, respectively.

Overall, the theta, gamma, and high-gamma
frequency bands in both Trail Making Test and Stroop
Task were significantly increased when compared to
Control State. (i.e.: Control 8, y, hy< Task 6, y, hy).In
contrast, the delta and alpha frequency bands were
significantly decreased in TMT of Task State (i.e.:
Control 6, a> Task 6, a) when compared to Control
State, and only alpha band was significantly reduced
in ST of Task State (i.e.: Control a> Task «).

Figure 9 depicts the frequency bands of Trail Making
Test with three sub-tasks; (a) TMTA-alphabet, (b) TMTA-
number, and (c) TMTB-num&al (number & alphabet)
that were significantly increased/decreased when
compared to Control State. Based on Figure 9(a), the
increased/decreased of these frequency bands was
found atcentro-parieto-occipito-temporal regions. The
increased theta-band can be seen at several location
of frontal areq; i.e.Fp,, F;, F,, and F, and at Tglocation.
Meanwhile, the decreased of delta-band was
discovered at the occipital area and Czlocation. For
the second sub-task; TMTA-number as illustrated in
Figure 9(b), the theta-band significantly increased in
various location; i.e.Fp,, Fp,, F3, F,, F;, F,, and
T, .Meanwhile for TMTB-num&al sub-task as shown in
Figure ?9(c), theta-band had significantly increased at
frontal and parietal area of the brain. The significantly
decreased/increased of alpha, gamma, and high-
gamma frequency bands can be found mostly
atoccipito-parieto-temporal areas.

Meanwhile, Figure 10 shows the frequency band
analysis for Stroop Task. Delta, theta, gamma, and
high-gamma frequency bands were significantly
increased in Task State when compared to Control
State. The opposite was found for alpha frequency
bands. The increment and decrement of theta and
alpha frequency bands were found at almost all brain
area while increment of gamma and high-gamma
frequency bands were found mostly at occipital,
parietal, and temporal area and right side of frontal
(F5, F4, Fg, andF;) and central area (€, and(Cy).

3.3 Discussions

Findings of functional connectivity in Trail Making Test
and Stroop Task show that frontal, temporal, and
occipital area were where the most generated
information location were found during cognitive
function assessments. The frontal area, which s
associated with cognitive function, plays a role in
solving problems, focusing on a solution, and
attempting to inhibit any outside interference [20,21].
Meanwhile, the temporal area is well-known as a site
of working memory, memory encoding, and involving
language performance [22,23].For occipital areaq, it is

significant  with  the ability of recognizing from
visualization, and colour perception [24].

In Trail Making Test, TMTA is relevant for processing
speed since the task only need to trail
alphabet/number only, while TMTB is significant with
cognitive flexibility; which participant needs to
alternately trail number and alphabet in sequencing
order [25]. Hence, the number of information
generated from frontal, temporal, and some other
regions might differ in each participant due to their
employed thinking process. Meanwhile in Stroop Task,
the attention and focuses of a person to exhibit the
word of the colour instead the colour itself makes
participant used their cognitive ability and working
memory to perform the task [9,11]. However, occipital
ared is also involve in generating the information as
TMT and ST tasks need a person to visualize the
information given, then process the information and
pass the information to other brain region [26].

For the frequency analysis of brain rhythm, the
findings from both tasks indicate that theta, gamma,
and high-gamma frequency bands were significantly
increased when participants perform both tasks. The
significant increasing of theta frequency band was
typically found at the frontal area.

Theta frequency band is related to memory
performance, and also memory encoding and
retrieval[27]. Hence, it is proven that one of the
important parts of cognitive function; attention and
recall memory, is perform at the frontal area[28]. In
Finnigan report paper, it stated that executive
performances are corresponding with theta frequency
band in healthy adulthood [29].Gamma and high-
gamma frequency bands are also related to cognitive
function in attention on visualization [30]. In the paper
of Mizuhara and Yamaguchi, they discovered that
gamma frequency band is required in paying
aftention fo an object in order to send information
[31].

4.0 CONCLUSION

This study focuses on functional connectivity and
power spectra during Trail Making fest and Stroop test
fo investigate cognitive function performance in
young adults. Our findings show that not only frontal
area but temporal and occipital area also generates
information and the information is send to various
scalp location. Theta frequency activity increases at
frontal area while gamma and high-gamma
frequency bands activity increases at centro-parieto-
occipito-temporal regions. All of these areas are
associated with cognitive function doing specific task.
Our functional connectivity and power spectra
analyses are compatible with previous findings.
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Trail Making Test for alphabet (TMTA-alphabet)

Trail Making Test for number (TMTA-number)
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Control 8 > Task &
Control 6 < Task 6
Control a. > Task a.
Control y < Task y
Control hy < Task ny

Indicator:
[ Delta, 5: 0.1 -3 Hz
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B High Gamma, hy: 42 — 120 Hz

alphabet); (b) Trailing for number (TMTA-number); (c) Trailing for number and alphabet (TMTB-num & al) sub-task

Stroop Task (ST)
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Control 8 < Task &
Control 6 < Task 6
Control a. > Task a

Controly<Tasky
Control hy < Task ny

Indicator:

[ Delta, 5: 0.1 -3 Hz

[ Theta, 6: 3-8 Hz

[ Alpha, o: 8- 12 Hz

[ Beta, B: 1238 Hz

[ Gamma, y: 38 — 42 Hz

[l High Gamma, hy: 42 — 120 Hz

Figure 10 Significant frequency bands during Stroop Test when compared to Control

Figure 9 Significant frequency bands during Trail Making Test when compared to Confrol; (a) Trailing for alphabet (TMTA-



103

Hashim et al. / Jurnal Teknologi (Sciences & Engineering) 78:7-5 (2016) 97-103

References

[

[2]
[3]

[4]

[5]

[é]

[7]

8]

191

(0]

[

2]

[13]

[14]

[19]

Missier, F. Del. 2012. Decision-making Competence,
Executive Functioning, and General Cognitive Abilities.
Journal of Behavioral Decision Making. 351: 331-51.

Elliott, R. 2003. Executive Functions and Their Disorders.
British Medical Bulletin. 65: 49-59.

Diamond, A. 2013. Executive Functions. Annual Review of
Psychology. 64: 135-68.

Henry, L. A. and Beftenay, C. 2010. The Assessment of
Executive Functioning in Children. Child and Adolescent
Mental Health. 15: 110-9.

Brown, T. E., Reichel, P.C. and Quinlan, D. M. 2009.
Executive Function Impairments in High IQ Adults with
ADHD. Journal of Attention Disorders. 13: 161-7.

Jacoby, M., S. Averbuch, Y. Sacher, N. Katz, P. L. Weiss,and
R. Kizony. 2013. Effectiveness of Executive Functions
Training within a Virtual Supermarket for Adults with
Traumatic Brain Injury: A Pilot Study. IEEE Transactions on
Neural Systems and Rehabilitation Engineering: A
Publication of the IEEE Engineering in Medicine and
Biology Society. 21: 182-90.

Hagen, K., A. C. Ehlis, F.B. Haeussinger, S. Heinzel, T. Dresler,
L. D. Mueller, M. J. Herrmann, A. J. Fallgatter and F. G.
Metzger. 2014. Activation during the Trail Making Test
Measured with Functional Near-infrared Spectroscopy in
Healthy Elderly Subjects. Neurolmage. 85(1): 583-91.

Neri, M. L., C. A.Guimardes, E. P.Oliveira, M. H.Duran, L. L.
Medeiros, M. A. Montenegro, M. Boscariol, and M. M.
Guerreiro. 2012. Neuropsychological  Assessment  of
Children with Rolandic Epilepsy: Executive Functions.
Epilepsy & Behavior: E&B. 24: 403-7.

Veroude, K., J. Jolles, G. Croiset, and L. Krabbendam.
2013. Changes in Neural Mechanisms of Cognitive Control
during the Transition from Late Adolescence to Young
adulthood. Developmental Cognitive Neuroscience. 5:
63-70.

loannides, A. and L. Liu. 2013. MEG Reveals a Fast
Pathway from Somatosensory Cortex to Occipital Areas
via Posterior Parietal Cortex in a Blind Subject. Frontiers in
Human Neuroscience. 7: 429.

Harrison, B. J., M. Shaw, M. YUcel, R. Purcell W. J. Brewer, S.
C. Strother, G. F.Egan, J. S.Olver, P. J. Nathan, and C.
Pantelis. 2005. Functional Connectivity during Stroop Task
Performance. Neurolmage. 24: 181-91.

Wang, L. Q., M. S. Wang and M. Saito. 2005. Functional
Neuroanatomy Involved in Automatic Order Mental
Arithmetic and Recitation of the Multiplication Table: A
Concurrent Quantity Processing Mechanism in Actual
Computation. Electrical Engineering in Japan. 153: 39-44.
Sakkalis, V. 2011. Review of Advanced Techniques for the
Estimation of Brain Connectivity Measured with EEG/MEG.
Computers in Biology and Medicine. 41: 1110-1117.
Silfverhuth, M. J., H. Hinfsala, J. Kortelainen, and T.
Seppdnen. 2012. Experimental Comparison of
Connectivity Measures with  Simulated EEG  Signals.
Medical & Biological Engineering & Computing. 50: 683-
688.

Yan, J., X. Guo, J. Sun, and S. Tong. 2011. Cortical
Networks for Rotational Uncertainty Effect in Mental
Rotation Task by Partial Directed Coherence Analysis of
EEG. Conference Proceedings: Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society IEEE Engineering in Medicine and Biology
Society Conference. 2011: 1415-1418.

[1é]

(7]

(e

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

Porcaro, C., G. Coppola, F. Pierelli, S. Seri, G. Di Lorenzo, L.
Tomasevic, C. Salustri, and F. Tecchio. 2013. Multiple
Frequency Functional Connectivity in the Hand
Somatosensory Network: An EEG Study. Clinical
Neurophysiology: Official Journal of the International
Federation of Clinical Neurophysiology. 124: 1216-1224.
Varotto, G., P. Fazio, S. D. Rossi, D. Duran, L. D'Incerti, E.
Parati, D. Satfin, M. Leonardi, S. Franceschetti, and F.
Panzica. 2014. Altered Resting State Effective Connectivity
in Long-standing Vegetative State Patients: An EEG Study.
Clinical  Neurophysiology: Official Journal of the
International Federation of Clinical Neurophysiology. 125:
63-68.

Baccald, L. A. and K. Sameshima. 2001. Partial Directed
Coherence: A New Concept in Neural Structure
Determination. Biological Cybernetics. 84: 463-474.
Takahashi, D. Y. 2007. Connectivity Inference between
Neural Structures via Partial Directed Coherence. Journal
of Applied Statistics. 34: 1255-1269.

Salminen, T., T. Strobach, and T. Schubert 2012. On the
Impacts of Working Memory Training on Executive
Functioning. Frontiers in Human Neuroscience. 6: 166.
Crone, E. A. 2009. Executive Functions in Adolescence:
Inferences from Brain and Behavior. Developmental
Science. 12: 825-830.

Rai, V. K., G. Shukla, M. Afsar, S. Poornima, R. M. Pandey,
N. Rai,V. Goyal, A. Srivastava, D. Vibha, and M. Behari
2015. Memory, Executive Function and Language
Function are Similarly Impaired in both Temporal and Extra
Temporal Refractory Epilepsy-A  Prospective  Study.
Epilepsy Research. 109: 72-80.

Sidhu, M. K., J. Stretton, G. P. Winston, M. Symms, P. J.
Thompson, M. J. Koepp and J. S. Duncan. 2015. Factors
Affecting Reorganisation of Memory Encoding Networks in
Temporal Lobe Epilepsy. Epilepsy Research. 110: 1-9.

Blank, H., S. JKiebel, and K. K.Von. 2014. How the Human
Brain Exchanges Information across Sensory Modalities to
Recognize other People. Human Brain Mapping .339: 324-
39.

Kopp, B., N. R&sser, S. Tabeling, H. J. StUrenburg, B. De.
Haan, H. Karnath and K. Wessel. 2015. Errors on the Trail
Making Test are Associated with Right Hemispheric Frontal
Lobe Damage in Stroke Patients. Behavioural Neurology.
2015: 1-10.

Prado, J. and D. H. Weissman. 2011. Spatial Aftention
Influences Trial-by-trial Relationships between Response
Time and Functional Connectivity in the Visual Cortex.
Neurolmage. 54: 465-73.

Itthipuripat, S., J. R.Wessel, and A. R. Aron. 2013. Frontal
Theta is a Signature of Successful Working Memory
Manipulation. Experimental Brain Research. 224: 255-62.
Tang, D., L. Hu, and A. Chen. 2013. The Neural Oscillations
of Conflict Adaptation in the Human Frontal Region.
Biological Psychology. 93: 364-72.

Finnigan, S. andl. Robertson. 2011. Resting EEG Theta
Power Correlates with Cognitive Performance in Healthy
Older Adults. 48: 1083-7.

Mat Safri, N., N. Murayama, Y. Hayashida, and T. Igasaki.
2007. Effects of Concurrent Visual Tasks on Cortico-
Muscular Synchronization in Humans. Brain Research. 1155:
81-92.

Mizuhara, H. and Y. Yamaguchi. 2011. Neuronal Ensemble
for Visual Working Memory via Interplay of Slow and Fast
Oscillations. European Journal of Neuroscience. 33: 1925-
34.



