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ABSTRACT 

Executive Function (EF) is an important cognitive skill which undergoes 

three main processes: updating, shifting and inhibition.  However, many brain 

researchers do not look deeper in Functional Connectivity (FC) between brain 

regions, and connection of EF from other brain areas still remains unclear.  In order 

to determine cortical networks, FC measurement is needed.  This study determines 

the cortico-cortical FC between brain regions using Partial Directed Coherence 

(PDC) and investigates the Power Spectral Density (PSD) of brain activity while 

performing cognitive function assessments.  20 young Malaysian adults were asked 

to perform three tasks/tests: Mental Arithmetic task (updating), Trail Making Test 

(shifting); Trailing A and B, and Stroop task (inhibition).  Electroencephalography 

machine was used to record brain signals, and the data were analysed using PDC and 

PSD.  Findings showed that in updating, most of the brain area that generated 

information was from frontal areas: Fp1, Fp2 and F7, based on correct and incorrect 

answers given by the subject.  Results from two trailing showed that for Trailing A, 

the information mostly was generated from fronto-temporal areas: Fp2, F7 and T3, 

whereas for Trailing B, the information generated was almost similar to Trailing A, 

but slightly different in scalp locations: F7, T3 and T4.  For inhibition, fronto-

temporal area produced the highest number of information sources: Fp1, Fp2 and T4.  

In receiving the information, all parts of brain region were interconnected for all 

three processes.  For all processes, significantly increased theta band was found at 

frontal region with 15.32%, while significant decreased of alpha band was found at 

occipital (30.73%), temporal (29.83%), and parietal (34.91%) areas.  Meanwhile, 

gamma (γ) and high-gamma (hγ) bands were significantly higher at central 

(γ=35.73%, hγ=70.10%), parietal (γ=52.00%, hγ=84.87%), and occipital (γ=63.74%, 

hγ=74.65%) areas for shifting and inhibition processes.  In conclusion, all parts of 

brain are interconnected for generating and receiving information during EF task and 

it shows that EF is not dependent on frontal area only. 
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ABSTRAK 

Fungsi Eksekutif (EF) ialah satu kemahiran kognitif penting yang menjalani tiga 

proses utama: pengemaskinian, peralihan dan perencatan.  Walau bagaimanapun, ramai 

penyelidik otak tidak membuat kajian mendalam Keberkaitan Fungsi (FC) antara 

kawasan otak dan sambungan EF dari kawasan otak lain masih tidak begitu jelas.  Dalam 

usaha menentukan rangkaian kortikal, pengukuran FC diperlukan.  Kajian ini 

menentukan FC korteks-kortikal antara bahagian otak menggunakan Koheren Separa 

Berarah (PDC), dan mengkaji Ketumpatan Spektrum Kuasa (PSD) aktiviti otak ketika 

menjalankan ujian fungsi kognitif.  20 orang dewasa muda Malaysia diminta menjalani 

tiga tugasan/ujian: Ujian Aritmetik Mental (pengemaskinian), Ujian Membuat Jejak 

(peralihan); Penjejak A dan B, dan Ujian Stroop (perencatan).  Mesin 

elektroensefalografi diguna bagi merekod isyarat otak dan data dianalisis menggunakan 

PDC dan PSD.  Penemuan menunjukkan bahawa dalam mengemaskini, kebanyakan 

kawasan otak yang menjana maklumat adalah dari kawasan frontal: Fp1, Fp2 dan F7, 

berdasarkan jawapan diberi betul ataupun tidak.  Hasil daripada dua penjejak 

menunjukkan bahawa Penjejak A, maklumat kebanyakannya dijana dari kawasan fronto-

temporal: Fp2, F7 dan T3, manakala Penjejak B, maklumat dijana hampir sama seperti 

Penjejak A, tetapi sedikit berbeza di lokasi kulit kepala: F7, T3 dan T4.  Bagi perencatan, 

kawasan fronto-temporal menghasilkan bilangan sumber maklumat tertinggi: Fp1, Fp2 

dan T4.  Dalam menerima maklumat, semua bahagian otak adalah saling berkaitan untuk 

ketiga-tiga proses.  Untuk semua proses, peningkatan jalur teta didapati di kawasan 

frontal dengan 15.32%, manakala pengurangan jalur alfa didapati di kawasan oksipital 

(30.73%), temporal (29.83%), dan parietal (34.91%).  Sementara itu, peningkatan jalur 

gama (γ) dan gama tinggi (hγ) diperolehi di kawasan sentral (γ=35.73%, hγ=70.10%), 

parietal (γ=52.00%, hγ=84.87%), dan oksipital (γ=63.74%, hγ=74.65%) untuk proses 

peralihan dan perencatan.  Kesimpulannya, semua bahagian otak adalah saling berkaitan 

dalam menjalankan FE dan ia tidak bergantung kepada kawasan frontal sahaja. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

In recent research, brain is one of the most prominent studies which have 

opened the eyes of the researchers especially in the areas of psychology, 

neuropsychology, rehabilitation, neuroscience, and biomedical engineering.  It 

connects to our nervous system as it controls our body organs and behaviour. 

Figure1.1 shows four important lobes in our brain area; frontal (F), parietal 

(P), temporal (T), and occipital (O) lobe.  Table 1.1 explains the function and activity 

of each brain areas. 

 

Figure 1.1  Four important brain areas 

Frontal lobe
Parietal lobe

Occipital lobe

Temporal lobe
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Table 1.1  Brain regions and its function 

Brain region Function 

Frontal lobe  Trigger voluntary action; blink eyes (Daly et al., 2013). 

 Controlling learned motor skills and complex processes (Jaušovec 

and Jaušovec, 2012; Kleibeuker et al., 2013). 

 Showing expressions and gestures by mood and feelings (Marci et 

al., 2007). 

Parietal lobe  Interpret sensory information from the whole body (Ioannides et 

al., 2013). 

 Integrate information (Yu et al., 2013). 

 Comprehend mathematic skills and language (Libertus et al., 

2009). 

 Storing spatial memories; orient people in space and maintain a 

sense of direction (Prado and Weissman, 2011). 

Temporal lobe  Essential to auditory perception and language (Sun et al., 2009). 

 Produce memory and emotions (Sidhu et al., 2015). 

 Storing and retrieving long-term memories (Van Geldorp et al., 

2014). 

Occipital lobe  Process and interpret vision (Sun et al., 2009). 

 Form visual memories (Vansteensel et al., 2014). 

Brain is an organ which it has the ability to keep and retain countless 

information that we collect everyday either in short-term or long-term memory.  It 

also can conduct our daily routine from simplest to most complex task, based on our 

mental processes that involves perception, attention, memory, motor skill, language 

skill, visual and spatial processing.  This process is called as executive function (EF) 

(Diamond, 2013; Han et al., 2013). 

EF often associated with the behaviour of shifting attention from one task to 

another, updating information from earlier information until recent, and inhibition of 

response from environment (Kirk et al., 2015; Roelofs et al., 2013).  EF majorly 

performs at frontal lobe, which occurs at prefrontal cortex.  Figure 1.2 shows the 

example of executive skills that execute at the frontal lobe, together with the example 

of other brain’s functions. 



3 

 

 

 

 

Figure 1.2  Example of executive skills with other functions of the brain 

Recently, EF is growing some interest especially in psychology, 

neuropsychology, cognitive science, and biomedical field, in order to study the 

brain’s development (Salminen et al., 2012), mental health (Shimada et al., 2014), 

and brain impairment (Rai et al., 2015) that related to cognitive processes.  There are 

several assessments that can be conduct depends on the research objective, such as 

mental task, trail making test, Stroop task, letter-memory task, sorting task, and other 

cognitive ability task. 

A young adult which is between 18 to 30 years are the range of age where 

cognitive function develops (Veroude et al., 2013).  In a process of maturation, the 

skills that we develop everyday make our working memory and attention becomes 

better (Jolles et al., 2012).  In addition, through working memory training from the 

age of young adult will improve and maintain our cognitive function as we grow 

older (Heinzel et al., 2014). 

As there are many region and subcortical in the brain, the interrelated 

between them may varies when someone is thinking or solving problems (Lee et al., 

2014; Wang et al, 2005).  The cortical activity can be observed when doing EF skills 

by applying functional connectivity.  Functional connectivity is defined as temporal 

Muscle

movement
Sensory

information

Perception

Cognitive Skill

- Planning

- Organizing
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Auditory

information
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interaction (correlation) between different neural of brain region (Sakkalis, 2011), 

and it is the most capable way to investigate the brain networks (Santarnecchi et al., 

2014).  Electroencephalography (EEG) signal is the most frequent recorded network 

that used in brain mapping research, which represent the functional connectivity 

(Joudaki et al., 2012; Langeslag et al., 2013). 

In order to record and capture the brain signal, functional imaging has been 

used in order to make better understanding of brain.  There are several functional 

imaging that are portable and non-invasive techniques, such as 

electroencephalography (EEG), functional magnetic resonance imaging (fMRI), 

magnetoencephalography (MEG), functional near-infrared spectroscopy (fNIRS), 

and transcranial magnetic stimulation (TMS).  

There are some methods of connectivity measures can be applied in order to 

discover the pattern of the functional connectivity; i.e. transfer entropy (TE), phase 

slope index (PSI), Granger causality (GC), directed transfer function (DTF), and 

partial directed coherence (PDC).  Figure 1.3 shows an example of simulation of 

functional connectivity pattern.  The source of the information is mark in grey 

colour.  The arrow represents the direction of the information, while the nodes are 

the one that receive the information (the sink). 

 

Figure 1.3  Simulation of functional connectivity pattern where source node is 

sending information to nodes 

C1

C4

C2 C3

C5

S1

C6

C7

S2

Remark:

- Source node

- Node

- Direction of information
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Partial directed coherence (PDC) is a multivariate autoregressive (MVAR) 

modelling that provides causality direction of information between two signals or 

more, which measures in frequency domain from time domain. Silfverhuth et al., 

2012, had made comparison among connectivity measures and declared that PDC is 

fast to compute, has a small signal-to-noise ratio, have less non-causal connectivity, 

and most sensitive to connection in simulation. 

1.2 Problem Statement 

In latest psychological and neuropsychological field, scientists have studied 

about the brain activity in each part of the area.  EF is one of the favoured research 

areas as it has the largest function in brain system.  Many studied were done with 

different kind of ages; children, adulthood, and older adult, and the participants were 

normal people and people who had mental disabilities.  The results also were 

discovered with using different kinds of methods.  A method that have always been 

used was statistical analysis (Holmén et al., 2012; Houston et al., 2014; Salminen et 

al., 2012); which was to examine the relationship between gender, ages, function 

disabilities, and some other connection with the EF task given.  Another method was 

power spectral density (PSD) to describe the brain waves of several regions (Barwick 

et al., 2012).  However, these methods did not include brain region interconnection 

when doing the EF assessment.  To measure brain region interconnectivity, several 

functional connectivity measurement described aforementioned, such as PDC is used 

to identify the brain network and the usage is suitable for electroencephalography 

(Sun et al., 2014; Varotto et al., 2014).  In addition, since many studies described 

that a lot of brain signal activated at the frontal region using PSD while doing the EF, 

there is less research about other brain region which may be contributed in 

processing the EF. 

Executive functional connectivity is actively being investigated in foreign 

country for brain development (Roelofs et al., 2013; Salminen et al., 2012; Vink et 

al., 2014).  As compared to Malaysia, it is rarely studied in brain development, 

especially in information pathway between cortical networks.  Most studies did not 
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look at functional connectivity between brain regions, especially for local people in 

Malaysia.  This research is the first attempt to discover about the functional 

connection during executive function assessment for Malaysian people.  

Furthermore, it is a known fact that EF was widely used in the frontal area but the 

connection from the other brain area is remaining unclear.  Besides, with the 

advancement of mathematical computing, PDC method can be used as a 

measurement for direction of information flow between brain regions. 

In executive function, there are various assessments that can be conducted in 

order to identify the cognitive processes; which include updating (Mental Arithmetic 

Task, MA), shifting (Trail Making Test, TMT), and inhibition (Stroop Task, ST).  

For Mental Arithmetic Task, many papers had studied about the brain mapping while 

doing the task using statistical analysis (Rinne and Mazzocco, 2014; Wang et al., 

2010).  However, it is difficult to find a research that studied the mental task when 

people had given correct and incorrect answer.  There was a study that focused on 

mental arithmetic task while giving the correct and incorrect answer (Rinne and 

Mazzocco, 2014; Vansteensel et al., 2014), but it is lacking of proof to identify the 

functional connectivity of cortical networks.  It is an advantage to study and clarify 

about the functional connectivity of brain regions for people when they give right 

and wrong answer in mental task.  Its benefit includes improving training for brain 

development in children and young adults for Malaysian society.  Meanwhile, MA 

task, TMT and ST, were usually conducted for psychology purpose but rarely did in 

identifying cortical networks or power spectrum of brain waves.  Thus, these 

assessments are suitable in order to have variation in analyses methods and have 

participants among young adult in Malaysia. 

Functional neuroimaging such as fMRI and MEG were preferred to be used 

when it comes to diagnose mental disabilities or in detecting brain problems (Tracy 

et al., 2014; Zheng et al., 2014).  Although it gives an accurate measurement in 

examining human brain activity, the machine is huge and it takes time to learn and 

handle the equipment.  Furthermore, the analysis was determined using regions of 

interest (ROI) (Tracy et al., 2014).  It is preferable to use portable EEG machine in 
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order to examine brain development and functional connectivity (Swingler et al., 

2011). 

Therefore, studying EF processes by using MA task, TMT, and ST can 

identify the brain development of the development of Malaysian young adult by 

using the method of PDC.  In addition, EF also can be observed through power 

spectrum of the brain by using PSD.  PDC is one of the methods in observing the 

interconnection between brain regions.  Hence, in future, this study can be develop in 

order to diagnose the early stage of brain impairment and can make the EF task as a 

cognitive training for Malaysian people. 

1.3 Objectives 

Two objectives have been proposed in this research based on the problem 

statement: 

i. To investigate functional connection during executive function task using 

partial directed coherence (PDC) among young Malaysian people. 

ii. To analyze the power spectral density of brain region during executive 

function processes to determine the frequency band that relates to EF. 

1.4 Scope of the Study 

The scopes of the study were based from the objectives that have to be 

achieved.  Details of each scope are explained as follows: 

i. Executive function task is used to investigate the connection between cortical 

networks.  The EF assessments that are used in the study were Mental 

Arithmetic (MA) task, Trail Making Test (TMT), and Stroop task (ST).  
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Regardless of genders, participants were from young adult; aged between 20 

to 30 years old and of Malaysian citizen. 

ii. Electroencephalograph (EEG) machine (Neurofax µ, EEG-9100 J/K 9100n 

Nihon Kohden) is used to record the brain signal.  After getting the RAW 

data, partial directed coherence (PDC) is applied in order to analyze the 

functional connectivity of young adult brain.  In addition, power spectral 

density is implemented in order to observe from the perspective of brain’s 

frequency. 

1.5 Significant of Study 

This study focused on the interconnection of every brain region while doing 

the updating, shifting, and inhibition processes.  Researchers may recognize that 

executive function performs at the frontal region; however other brain regions such 

as occipital, temporal and parietal may have connections in running the task.  The 

updating process was conducted using mental arithmetic task, shifting process was 

underwent through Trail Making Test, while Stroop Task was performed for 

inhibition process. 

Another significant of this study is to compare the brain development among 

Malaysian people.  In psychological and neuropsychological field, most studies were 

done using statistical method in order to determine the active brain regions while 

doing cognitive function task.  In recent years, researches for functional connection 

between brain regions were actively conducted in cognitive studies.  As for 

researchers in Malaysia, they did some studies for brain activation using statistical 

analysis but at the moment, it is scarcely to notice the study about functional 

connectivity of the brain for Malaysian citizen.  Most research elaborated about the 

active region of the brain but their findings did not include interconnection between 

brain regions.  This study had gone through an investigation for functional 

connectivity in Malaysian young adult.  The findings may be used to further 
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investigate the brain development for children and young adults, especially for 

Malaysian people. 

1.6 Thesis Outline 

Thesis outline is briefly described in order to get clear explanation about the 

target of the research and keep track within the scope of the study.  This study can be 

summarised by dividing into four phases; (i) Literature review, (ii) Methodology, 

(iii) Results & Discussions, and (iv) Conclusion. 

In the first phase, it is about a Literature Review for Chapter 2.  In this 

chapter, it reviews based on the background of the study that is previously describe 

in Chapter 1.  The second phase of this project is Methodology, where it is in 

Chapter 3.  The chapter clarifies the progress of the whole study from data collection, 

data measurement until data analysis. 

Phase three, which is Chapter 4, it is about the Result and Discussions.  This 

is the most important part as it would explain all the findings that had been 

discovered for this project.  Furthermore, it would indicate whether the objectives are 

achieved or vice versa.  Last but not least, phase four for this study is Conclusion, 

which is in Chapter 5.  It would summarize the whole project and some 

recommendations are being stated to make improvement for future research.  Table 

1.2 interprets the details for each phase. 
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Table 1.2 Research framework 

Phases Description 

Phase 1: Literature review Reviews: 

 EF assessments that have been used. 

 Method that has been implemented in order to 

identify functional connection. 

 The frequency band during brain activity. 

 

Phase 2: Methodology Implement: 

 EF assessments 

 Partial directed coherence 

 Power spectral density 

 

Phase 3: Results & Discussions Findings: 

 Functional connectivity using PDC. 

 Frequency bands of the brain using PSD. 

 

Phase 4: Conclusion Future project development 

 

 

 



80 

 

 

 

 

 

 

 

 

REFERENCES 

Adams, D., and Oliver, C. (2010). The Relationship between Acquired Impairments 

of Executive Function and Behaviour Change in Adults with Down Syndrome. 

Journal of Intellectual Disability Research: JIDR, 54(5), 393–405. 

Arbabshirani, M. R., Havlicek, M., Kiehl, K. A, Pearlson, G. D., and Calhoun, V. D. 

(2013). Functional Network Connectivity during Rest and Task Conditions: A 

Comparative Study. Human Brain Mapping, 34(11), 2959–71. 

Attal, N., Masselin-Dubois, A., Martinez, V., Jayr, C., Albi, A., Fermanian, J., 

Baudic, S. (2014). Does Cognitive Functioning Predict Chronic Pain? Results 

from a Prospective Surgical Cohort. Brain: A Journal of Neurology, 137(3), 

904–917. 

Baccalá, L. A, and Sameshima, K. (2001). Partial Directed Coherence: A New 

Concept in Neural Structure Determination. Biological Cybernetics, 84(6), 463–

74. 

Barwick, F., Arnett, P., and Slobounov, S. (2012). EEG Correlates of Fatigue during 

Administration of a Neuropsychological Test Battery. Clinical 

Neurophysiology: Official Journal of the International Federation of Clinical 

Neurophysiology, 123(2), 278–84. 

Blank, H., Kiebel, S. J., and Von Kriegstein, K. (2015). How the Human Brain 

Exchanges Information across Sensory Modalities to Recognize Other People. 

Human Brain Mapping, 36(1), 324–339. 

Blinowska, K. (2013). Application of Directed Transfer Function and Network 

Formalism for the Assessment of Functional Connectivity in Working Memory 

Task. Philosophical Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences, 371(1997).  

Boelen, D. H. E., Spikman, J. M., and Fasotti, L. (2011). Rehabilitation of Executive 

Disorders after Brain Injury: Are Interventions Effective? Journal of 

Neuropsychology, 5(1), 73–113. 



81 

 

 

 

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(2), 161–7. 

Cai, W., Cannistraci, C. J., Gore, J. C., and Leung, H. C. (2014). Sensorimotor-

Independent Prefrontal Activity during Response Inhibition. Human Brain 

Mapping, 35(5), 2119–36. 

Collette, F., Van Der Linden, M., Laureys, S., Delfiore, G., Degueldre, C., Luxen, 

A., and Salmon, E. (2005). Exploring the Unity and Diversity of the Neural 

Substrates of Executive Functioning. Human Brain Mapping, 25(4), 409–23. 

Connolly, S. L., Wagner, C. A, Shapero, B. G., Pendergast, L. L., Abramson, L. Y., 

and Alloy, L. B. (2014). Rumination Prospectively Predicts Executive 

Functioning Impairments in Adolescents. Journal of Behavior Therapy and 

Experimental Psychiatry, 45(1), 46–56. 

Cross, K. A, and Iacoboni, M. (2013). Optimized Neural Coding? Control 

Mechanisms in Large Cortical Networks Implemented by Connectivity 

Changes. Human Brain Mapping, 34(1), 213–25. 

Daly, I., Nicolaou, N., Nasuto, S. J., and Warwick, K. (2013). Automated Artifact 

Removal From the Electroencephalogram: A Comparative Study. Clinical EEG 

and Neuroscience: Official Journal of the EEG and Clinical Neuroscience 

Society (ENCS), 44(4), 291–306. 

Diamond, A. (2013). Executive Functions. Annual Review of Psychology, 64, 135–

68. 

Dormal, V., Schuller, A. M., Nihoul, J., Pesenti, M., and Andres, M. (2014). Causal 

Role of Spatial Attention in Arithmetic Problem Solving: Evidence from Left 

Unilateral Neglect. Neuropsychologia, 60(1), 1–9. 

Egner, T., and Hirsch, J. (2005). The Neural Correlates and Functional Integration of 

Cognitive Control in a Stroop Task. NeuroImage, 24(2), 539–47.  

Elliott, R. (2003). Executive Functions and Their Disorders. British Medical Bulletin, 

65(1), 49–59. 

Fingelkurts, A. A, Fingelkurts, A. A, and Kähkönen, S. (2005). Functional 

Connectivity in the Brain-Is It an Elusive Concept? Neuroscience and 

Biobehavioral Reviews, 28(8), 827–36. 

Finnigan, S., and Robertson, I. H. (2011). Resting EEG Theta Power Correlates with 

Cognitive Performance in Healthy Older Adults. Psychophysiology, 48(8), 



82 

 

 

 

1083–1087. 

Grabner, R. H., Ansari, D., Koschutnig, K., Reishofer, G., and Ebner, F. (2013). The 

Function of the Left Angular Gyrus in Mental Arithmetic: Evidence from the 

Associative Confusion Effect. Human Brain Mapping, 34(5), 1013–24. 

Gullick, M. M., and Wolford, G. (2014). Brain Systems Involved in Arithmetic with 

Positive versus Negative Numbers. Human Brain Mapping, 35(2), 539–51. 

Hagen, K., Ehlis, A. C., Haeussinger, F. B., Heinzel, S., Dresler, T., Mueller, L. D., 

Metzger, F. G. (2014). Activation during the Trail Making Test Measured with 

Functional Near-Infrared Spectroscopy in Healthy Elderly Subjects. 

NeuroImage, 85, 583–91. 

Han, Y. M. Y., Chan, A. S., Sze, S. L., Cheung, M. C., Wong, C., Lam, J. M. K., and 

Poon, P. M. K. (2013). Altered Immune Function Associated with Disordered 

Neural Connectivity and Executive Dysfunctions: A Neurophysiological Study 

on Children with Autism Spectrum Disorders. Research in Autism Spectrum 

Disorders, 7(6), 662–674. 

He, F., Billings, S. A, Wei, H. L., and Sarrigiannis, P. G. (2014). A Nonlinear 

Causality Measure in the Frequency Domain: Nonlinear Partial Directed 

Coherence with Applications to EEG. Journal of Neuroscience Methods, 225, 

71–80. 

Heinzel, S., Schulte, S., Onken, J., Duong, Q. L., Riemer, T. G., Heinz, A., Rapp, M. 

a. (2014). Working Memory Training Improvements and Gains in Non-Trained 

Cognitive Tasks in Young and Older Adults. Neuropsychology, Development, 

and Cognition. Section B, Aging, Neuropsychology and Cognition, 21(2), 146–

73. 

Holmén, A., Juuhl-Langseth, M., Thormodsen, R., Sundet, K., Melle, I., and Rund, 

B. R. (2012). Executive Function Tests in Early-Onset Psychosis: Which One to 

Choose? Scandinavian Journal of Psychology, 53(3), 200–5. 

Hong, K. S., Naseer, N., and Kim, Y. H. (2015). Classification of Prefrontal and 

Motor Cortex Signals for Three-Class fNIRS–BCI. Neuroscience Letters, 587, 

87–92. 

Houston, R. J., Derrick, J. L., Leonard, K. E., Testa, M., Quigley, B. M., and Kubiak, 

A. (2014). Effects of Heavy Drinking on Executive Cognitive Functioning in a 

Community Sample. Addictive Behaviors, 39(1), 345–349. 

Hubber, P. J., Gilmore, C., and Cragg, L. (2014). The Roles of the Central Executive 



83 

 

 

 

and Visuospatial Storage in Mental Arithmetic: A Comparison across 

Strategies. Quarterly Journal of Experimental Psychology, 67(5), 936–54. 

Ioannides, A. A, Liu, L., Poghosyan, V., Saridis, G. A, Gjedde, A., Ptito, M., and 

Kupers, R. (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. 

Indira, V., Vasanthakumari, R., Sugumaran, V. (2012). Sample Size Determination 

For Classification of EEG Signals Using Power Analysis In Machine Learning 

Approach. International Journal of Advanced Research In Engineering and 

Technology, 3(2), 01–09. 

Itthipuripat, S., Wessel, J. R., and Aron, A. R. (2013). Frontal Theta Is a Signature of 

Successful Working Memory Manipulation. Experimental Brain Research., 

224(2), 255–62. 

Jaušovec, N., and Jaušovec, K. (2012). Working Memory Training: Improving 

Intelligence-Changing Brain Activity. Brain and Cognition, 79(2), 96–106. 

Jolles, D. D., Van Buchem, M. A, Rombouts, S. A R. B., and Crone, E. A. (2012). 

Practice Effects in the Developing Brain: A Pilot Study. Developmental 

Cognitive Neuroscience, 2 Suppl 1, S180-91. 

Joudaki, A., Salehi, N., Jalili, M., and Knyazeva, M. G. (2012). EEG-Based 

Functional Brain Networks: Does the Network Size Matter? PloS One, 7(4), 

e35673. 

Kirk, H. E., Gray, K., Riby, D. M., and Cornish, K. M. (2015). Research in 

Developmental Disabilities Review Article Cognitive Training as a Resolution 

for Early Executive Function Difficulties in Children with Intellectual 

Disabilities. Research in Developmental Disabilities, 38, 145–160. 

Kleibeuker, S. W., Koolschijn, P. C. M. P., Jolles, D. D., Schel, M. A, De Dreu, C. 

K. W., and Crone, E. A. (2013). Prefrontal Cortex Involvement in Creative 

Problem Solving in Middle Adolescence and Adulthood. Developmental 

Cognitive Neuroscience, 5, 197–206. 

Klingberg, T. (2010). Training and Plasticity of Working Memory. Trends in 

Cognitive Sciences, 14(7), 317–24. 

Knouse, L. E., Barkley, R. A, and Murphy, K. R. (2013). Does Executive 

Functioning (EF) Predict Depression in Clinic-Referred Adults? EF Tests vs. 

Rating Scales. Journal of Affective Disorders, 145(2), 270–5. 



84 

 

 

 

Koelewijn, L., Rich, A. N., Muthukumaraswamy, S. D., and Singh, K. D. (2013). 

Spatial Attention Increases High-Frequency Gamma Synchronisation in Human 

Medial Visual Cortex. NeuroImage, 79, 295–303. 

Kopp, B., Rösser, N., Tabeling, S., Stürenburg, H. J., De Haan, B., Karnath, H., and 

Wessel, K. (2015). Errors on the Trail Making Test Are Associated with Right 

Hemispheric Frontal Lobe Damage in Stroke Patients. Behavioural Neurology, 

2015, 1–10. 

Langer, N., Von Bastian, C. C., Wirz, H., Oberauer, K., and Jäncke, L. (2013). The 

Effects of Working Memory Training on Functional Brain Network Efficiency. 

Cortex: A Journal Devoted to the Study of the Nervous System and Behavior, 

49(9), 2424–2438. 

Langeslag, S. J. E., Schmidt, M., Ghassabian, A., Jaddoe, V. W., Hofman, A., Van 

Der Lugt, A., White, T. J. H. (2013). Functional Connectivity between Parietal 

and Frontal Brain Regions and Intelligence in Young Children: The Generation 

R Study. Human Brain Mapping, 34(12), 3299–307. 

Larson, M. J., Kaufman, D. A. S., and Perlstein, W. M. (2009). Neural Time Course 

of Conflict Adaptation Effects on the Stroop Task. Neuropsychologia, 47(3), 

663–70. 

Lee, N. R., Wallace, G. L., Raznahan, A., Clasen, L. S., and Giedd, J. N. (2014). 

Trail Making Test Performance in Youth Varies as a Function of Anatomical 

Coupling between the Prefrontal Cortex and Distributed Cortical Regions. 

Frontiers in Psychology, 5(5), 1885–1895. 

Leistritz, L., Pester, B., Doering, A., Schiecke, K., Babiloni, F., Astolfi, L., and 

Witte, H. (2013). Time-Variant Partial Directed Coherence for Analysing 

Connectivity: A Methodological Study. Philosophical Transactions. Series A, 

Mathematical, Physical, and Engineering Sciences, 371, 20110616. 

Liakakis, G., Nickel, J., and Seitz, R. J. (2011). Diversity of the Inferior Frontal 

Gyrus-A Meta-Analysis of Neuroimaging Studies. Behavioural Brain Research, 

225(1), 341–347. 

Libertus, M. E., Brannon, E. M., and Pelphrey, K. A. (2009). Developmental 

Changes in Category-Specific Brain Responses to Numbers and Letters in a 

Working Memory Task. NeuroImage, 44(4), 1404–14. 

Mahé, G., Doignon-Camus, N., Dufour, A., and Bonnefond, A. (2014). Conflict 

Control Processing in Adults with Developmental Dyslexia: An Event Related 



85 

 

 

 

Potentials Study. Clinical Neurophysiology, 125(1), 69–76. 

Maksimow, A., Silfverhuth, M., Långsjö, J., Kaskinoro, K., Georgiadis, S., 

Jääskeläinen, S., and Scheinin, H. (2014). Directional Connectivity between 

Frontal and Posterior Brain Regions is Altered with Increasing Concentrations 

of Propofol. PLoS ONE, 9(11), e113616. 

Marci, C. D., Glick, D. M., Loh, R., and Dougherty, D. D. (2007). Autonomic and 

Prefrontal Cortex Responses to Autobiographical Recall of Emotions. 

Cognitive, Affective & Behavioral Neuroscience, 7(3), 243–250. 

Mat Safri, N., Murayama, N., Hayashida, Y., and Igasaki, T. (2007). Effects of 

Concurrent Visual Tasks on Cortico-Muscular Synchronization in Humans. 

Brain Research, 1155, 81–92. 

Matthys, W., Vanderschuren, L. J. M. J., and Schutter, D. J. L. G. (2013). The 

Neurobiology of Oppositional Defiant Disorder and Conduct Disorder: Altered 

Functioning in Three Mental Domains. Development and Psychopathology, 

25(1), 193–207. 

Micheloyannis, S., Vourkas, M., Tsirka, V., Karakonstantaki, E., Kanatsouli, K., and 

Stam, C. J. (2009). The Influence of Ageing on Complex Brain Networks: A 

Graph Theoretical Analysis. Human Brain Mapping, 30(1), 200–208. 

Michels, L., Muthuraman, M., Lüchinger, R., Martin, E., Anwar, A. R., Raethjen, J., 

Siniatchkin, M. (2013). Developmental Changes of Functional and Directed 

Resting-State Connectivities Associated with Neuronal Oscillations in EEG. 

NeuroImage, 81, 231–42. 

Mierau, A., Hülsdünker, T., Mierau, J., Hense, A., Hense, J., and Strüder, H. K. 

(2014). Acute Exercise Induces Cortical Inhibition and Reduces Arousal in 

Response to Visual Stimulation in Young Children. International Journal of 

Developmental Neuroscience: The Official Journal of the International Society 

for Developmental Neuroscience, 34, 1–8. 

Missier, F. Del. (2012). Decision-Making Competence, Executive Functioning, and 

General Cognitive Abilities. Journal of Behavioral Decision Making, 351, 331–

351. 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A H., Howerter, A., and 

Wager, T. D. (2000). The Unity and Diversity of Executive Functions and Their 

Contributions to Complex “Frontal Lobe” Tasks: A Latent Variable Analysis. 

Cognitive Psychology, 41(1), 49–100. 



86 

 

 

 

Mizuhara, H., and Yamaguchi, Y. (2011). Neuronal Ensemble for Visual Working 

Memory via Interplay of Slow and Fast Oscillations. European Journal of 

Neuroscience, 33(10), 1925–1934. 

Murphy, P., Shallice, T., Robinson, G., MacPherson, S. E., Turner, M., Woollett, K., 

Cipolotti, L. (2013). Impairments in Proverb Interpretation Following Focal 

Frontal Lobe Lesions. Neuropsychologia, 51(11), 2075–2086.  

Neri, M. L., Guimarães, C. A, Oliveira, E. P., Duran, M. H., Medeiros, L. L., 

Montenegro, M. A., Guerreiro, M. M. (2012). Neuropsychological Assessment 

of Children with Rolandic Epilepsy: Executive Functions. Epilepsy & Behavior: 

E&B, 24(4), 403–7. 

Porcaro, C., Coppola, G., Pierelli, F., Seri, S., Di Lorenzo, G., Tomasevic, L., 

Tecchio, F. (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(6), 

1216–24. 

Prado, J., and Weissman, D. H. (2011). Spatial Attention Influences Trial-by-Trial 

Relationships between Response Time and Functional Connectivity in the 

Visual Cortex. NeuroImage, 54(1), 465–73.  

Rai, V. K., Shukla, G., Afsar, M., Poornima, S., Pandey, R. M., Rai, N., Behari, M. 

(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. 

Ramli, S., Safri, N., and Sudirman, R. (2011). Cortical Connectivity during Isometric 

Contraction with Concurrent Visual Processing by Partial Directed Coherence. 

5th Kuala Lumpur International Conference on Biomedical Engineering, 

(Biomed 2011) in Conjuction with 8th Asian Pacific Conference on Medical 

and Biological Engineering. IFBME Proceedings, 35, 496–499. 

Rémy, F., Mirrashed, F., Campbell, B., and Richter, W. (2004). Mental Calculation 

Impairment in Alzheimer’s Disease: A Functional Magnetic Resonance Imaging 

Study. Neuroscience Letters, 358(1), 25–8. 

Rinne, L. F., and Mazzocco, M. M. M. (2014). Knowing Right from Wrong in 

Mental Arithmetic Judgments: Calibration of Confidence Predicts the 

Development of Accuracy. PLoS ONE, 9(7), 1–11. 

Roelofs, R. L., Visser, E. M., Berger, H. J. C., Prins, J. B., Van Schrojenstein 



87 

 

 

 

Lantman-De Valk, H. M. J., and Teunisse, J. P. (2013). Executive Functioning 

in Individuals with Intellectual Disabilities and Autism Spectrum Disorders. 

Journal of Intellectual Disability Research: JIDR, 1–13. 

Sakkalis, V. (2011). Review of Advanced Techniques for the Estimation of Brain 

Connectivity Measured with EEG/MEG. Computers in Biology and Medicine, 

41(12), 1110–7. 

Salminen, T., Strobach, T., and Schubert, T. (2012). On the Impacts of Working 

Memory Training on Executive Functioning. Frontiers in Human Neuroscience, 

6, 166. 

Salthouse, T. (2011). What Cognitive Abilities Are Involved in Trail-Making 

Performance? Intelligence, 39(4), 222–232. 

Santarnecchi, E., Galli, G., Polizzotto, N. R., Rossi, A., and Rossi, S. (2014). 

Efficiency of Weak Brain Connections Support General Cognitive Functioning. 

Human Brain Mapping, 35(9), 4566–82. 

Sauseng, P., Klimesch, W., Schabus, M., and Doppelmayr, M. (2005). Fronto-

Parietal EEG Coherence in Theta and Upper Alpha Reflect Central Executive 

Functions of Working Memory. International Journal of Psychophysiology: 

Official Journal of the International Organization of Psychophysiology, 57(2), 

97–103. 

Schurz, M., Kronbichler, M., Crone, J., Richlan, F., Klackl, J., and Wimmer, H. 

(2014). Top-down and Bottom-up Influences on the Left Ventral Occipito-

Temporal Cortex during Visual Word Recognition: An Analysis of Effective 

Connectivity. Human Brain Mapping, 35(4), 1668–80. 

Shimada, H., Park, H., Makizako, H., Doi, T., and Lee, S. (2014). Depressive 

Symptoms and Cognitive Performance in Older Adults. Journal of Psychiatric 

Research, 57, 149–156. 

Sidhu, M. K., Stretton, J., Winston, G. P., Symms, M., Thompson, P. J., Koepp, M. 

J., and Duncan, J. S. (2015). Factors Affecting Reorganisation of Memory 

Encoding Networks in Temporal Lobe Epilepsy. Epilepsy Research, 110, 1–9. 

Silfverhuth, M. J., Hintsala, H., Kortelainen, J., and Seppänen, T. (2012). 

Experimental Comparison of Connectivity Measures with Simulated EEG 

Signals. Medical & Biological Engineering & Computing, 50(7), 683–688. 

Skogli, E. W., Egeland, J., Andersen, P. N., Hovik, K. T., and Øie, M. (2014). Few 

Differences in Hot and Cold Executive Functions in Children and Adolescents 



88 

 

 

 

with Combined and Inattentive Subtypes of ADHD. Child Neuropsychology: A 

Journal on Normal and Abnormal Development in Childhood and Adolescence, 

20(2), 162–81. 

Solis-Escalante, T., Müller-Putz, G. R., Pfurtscheller, G., and Neuper, C. (2012). 

Cue-Induced Beta Rebound during Withholding of Overt and Covert Foot 

Movement. Clinical Neurophysiology: Official Journal of the International 

Federation of Clinical Neurophysiology, 123(6), 1182–90. 

Sparding, T., Silander, K., Pålsson, E., Östlind, J., Sellgren, C., Ekman, C. J., 

Landén, M. (2015). Cognitive Functioning in Clinically Stable Patients with 

Bipolar Disorder I and II. PLoS ONE, 10(1), 1–13. 

Stam, C. J., and Van Straaten, E. C. W. (2012). The Organization of Physiological 

Brain Networks. Clinical Neurophysiology: Official Journal of the International 

Federation of Clinical Neurophysiology, 123(6), 1067–87. 

Strenziok, M., Parasuraman, R., Clarke, E., Cisler, D. S., Thompson, J. C., and 

Greenwood, P. M. (2014). Neurocognitive Enhancement in Older Adults: 

Comparison of Three Cognitive Training Tasks to Test a Hypothesis of Training 

Transfer in Brain Connectivity. NeuroImage, 85(3), 1027–39. 

Sun, Y., Lim, J., Kwok, K., and Bezerianos, A. (2014). Functional Cortical 

Connectivity Analysis of Mental Fatigue Unmasks Hemispheric Asymmetry 

and Changes in Small-World Networks. Brain and Cognition, 85(1), 220–230.  

Sun, Y., Lim, J., Meng, J., Kwok, K., Thakor, N., and Bezerianos, A. (2014). 

Discriminative Analysis of Brain Functional Connectivity Patterns for Mental 

Fatigue Classification. Annals of Biomedical Engineering, 40(10), 2084–2094. 

Sun, Y., Zhang, H., Feng, T., Qiu, Y., Zhu, Y., and Member, S. (2009). Early 

Cortical Connective Network Relating to Audiovisual Stimulation. IEEE 

Transactions on Bio-Medical Engineering, 56(11), 2721–2724. 

Swingler, M. M., Willoughby, M. T., and Calkins, S. D. (2011). EEG Power and 

Coherence during Preschoolers’ Performance of an Executive Function Battery. 

Developmental Psychobiology, 53(8), 771–84. 

Taillan, J., Ardiale, E., Anton, J. L., Nazarian, B., FÃ©lician, O., and Lemaire, P. 

(2015). Processes in Arithmetic Strategy Selection: A fMRI Study. Frontiers in 

Psychology, 6, 1–12. 

Tanaka, M., Shigihara, Y., Ishii, A., Funakura, M., Kanai, E., and Watanabe, Y. 

(2012). Effect of Mental Fatigue on the Central Nervous System: An 



89 

 

 

 

Electroencephalography Study. Behavioral and Brain Functions: BBF, 8(1), 48. 

Tang, D., Hu, L., and Chen, A. (2013). The Neural Oscillations of Conflict 

Adaptation in the Human Frontal Region. Biological Psychology, 93(3), 364–

72. 

Toplak, M. E., West, R. F., and Stanovich, K. E. (2013). Practitioner Review: Do 

Performance-Based Measures and Ratings of Executive Function Assess the 

Same Construct? Journal of Child Psychology and Psychiatry, and Allied 

Disciplines, 54(2), 131–43. 

Tracy, J. I., Osipowicz, K., Spechler, P., Sharan, A., Skidmore, C., Doucet, G., and 

Sperling, M. R. (2014). Functional Connectivity Evidence of Cortico-Cortico 

Inhibition in Temporal Lobe Epilepsy. Human Brain Mapping, 35(1), 353–66. 

Tschentscher, N., and Hauk, O. (2014). How Are Things Adding up? Neural 

Differences between Arithmetic Operations Are due to General Problem 

Solving Strategies. NeuroImage, 92, 369–380. 

Uemura, K., Shimada, H., Doi, T., and Makizako, H. (2014). Depressive Symptoms 

in Older Adults Are Associated with Decreased Cerebral Oxygenation of the 

Prefrontal Cortex during a Trail-Making Test. Archives of Gerontology and 

Geriatrics, 59(2), 422–428. 

Van Der Ven, S. H. G., Kroesbergen, E. H., Boom, J., and Leseman, P. P. M. (2012). 

The Development of Executive Functions and Early Mathematics: A Dynamic 

Relationship. The British Journal of Educational Psychology, 82(1), 100–19. 

Van Geldorp, B., Bouman, Z., Hendriks, M. P. H., and Kessels, R. P. C. (2014). 

Different Types of Working Memory Binding in Epilepsy Patients with 

Unilateral Anterior Temporal Lobectomy. Brain and Cognition, 85(1), 231–

238. 

Vansteensel, M. J., Bleichner, M. G., Freudenburg, Z. V, Hermes, D., Aarnoutse, E. 

J., Leijten, F. S. S., Ramsey, N. F. (2014). Spatiotemporal Characteristics of 

Electrocortical Brain Activity during Mental Calculation. Human Brain 

Mapping, 35(12), 5903–20. 

Varotto, G., Fazio, P., Rossi Sebastiano, D., Duran, D., D’Incerti, L., Parati, E., 

Panzica, F. (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(1), 63–8. 



90 

 

 

 

Veroude, K., Jolles, J., Croiset, G., and Krabbendam, L. (2013). Changes in Neural 

Mechanisms of Cognitive Control during the Transition from Late Adolescence 

to Young Adulthood. Developmental Cognitive Neuroscience, 5, 63–70. 

Vetter, N. C., Altgassen, M., Phillips, L., Mahy, C. E. V, and Kliegel, M. (2013). 

Development of Affective Theory of Mind across Adolescence: Disentangling 

the Role of Executive Functions. Developmental Neuropsychology, 38(2), 114–

25. 

Vink, M., Zandbelt, B. B., Gladwin, T., Hillegers, M., Hoogendam, J. M., Van Den 

Wildenberg, W. P. M., Kahn, R. S. (2014). Frontostriatal Activity and 

Connectivity Increase during Proactive Inhibition across Adolescence and Early 

Adulthood. Human Brain Mapping, 35(9), 4415–27. 

Wagenmakers, E.-J., and Farrell, S. (2004). AIC Model Selection Using Akaike 

Weights. Psychonomic Bulletin & Review, 11(1), 192–196. 

Wang, J., Rao, H., Wetmore, G. S., Furlan, P. M., Korczykowski, M., Dinges, D. F., 

and Detre, J. A. (2005). Perfusion Functional MRI Reveals Cerebral Blood 

Flow Pattern under Psychological Stress. Proceedings of the National Academy 

of Sciences of the United States of America, 102(49), 17804–9.  

Wang, L. Q., Wang, M. S., and Saito, M. (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(2), 39–44. 

Wang, Q., and Sourina, O. (2013). Real-Time Mental Arithmetic Task Recognition 

from EEG Signals. IEEE Transactions on Neural Systems and Rehabilitation 

Engineering: A Publication of the IEEE Engineering in Medicine and Biology 

Society, 21(2), 225–32. 

Wang, X., Chen, Z., Zhao, L., and Zou, S. (2010). The Study of Mental Arithmetic 

Load by EEG Data. International Conference on Multimedia Technology, 1–4. 

Xenidou-Dervou, I., Van Lieshout, E. C. D. M., and Van Der Schoot, M. (2013). 

Working Memory in Nonsymbolic Approximate Arithmetic Processing: A 

Dual-Task Study With Preschoolers. Cognitive Science, 1–27. 

Yu, X., Zhang, C., Yang, Y., and Zhang, J. (2013). Volitional Control of Heartbeat 

and Its Dependence on Pallium. Clinical EEG and Neuroscience: Official 

Journal of the EEG and Clinical Neuroscience Society (ENCS), 45(2), 137–43.  

Yu, X., and Zhang, J. (2012). Estimating the Cortex and Autonomic Nervous 



91 

 

 

 

Activity during a Mental Arithmetic Task. Biomedical Signal Processing and 

Control, 7(3), 303–308. 

Yuan, P., and Raz, N. (2014). Prefrontal Cortex and Executive Functions in Healthy 

Adults: A Meta-Analysis of Structural Neuroimaging Studies. Neuroscience and 

Biobehavioral Reviews, 42, 180–92. 

Zheng, D., Sun, H., Dong, X., Liu, B., Xu, Y., Chen, S., Wang, X. (2014). Executive 

Dysfunction and Gray Matter Atrophy in Amnestic Mild Cognitive Impairment. 

Neurobiology of Aging, 35(3), 548–55. 




