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Richard Edward Passingham

• He graduated with a degree in Psychology and 
Philosophy. He then trained in clinical psychology 
in London before pursuing a PhD in cognitive 
neuroscience.

• His research has been on the mechanisms of 
decision-making and motor learning in the brain. 

Assoc. Prof. Dr.Chaipat Chunharas, MD, Ph.D.
• Neurologist, King Chulalongkorn Memorial Hospital
• He received his internal medicine training from KKU, 

neurology training from CU, and later went to pursue 
his Ph.D. in experimental psychology at UCSD. 

Emeritus Professor

Department of Experimental Psychology, University of Oxford
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Psychology: 

Why is it essential for us to learn cognitive psychology? 

the mental processes are forms of thinking, including 
attention, perception, learning, memory, language, 
problem-solving, and decision-making. 

to gain insight into the human mind and behavior. + 
 
 

=     to understand how the mind works 

Cognition: 

This knowledge will serve as a bridge to applied psychology: 
clinical psychology, educational psychology, neuropsychology, 
human–computer/machine/AI interaction. 
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“By changing our inner world, 
we can transform our external circumstances
and the world around us.” 

Do you agree with the quote?

Adapted from Gandhi's Philosophy
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“Easing mental strength through LLMs can lead 
to a reduced ability to recall, think critically, 
or build lasting knowledge.” 

Do you agree with the quote?

• 32 electrodes of the EEG were used to assess 
cognitive load during essay writing. Frequency 
bands were analyzed.

• EEG revealed significant differences in alpha band 
connectivity, especially in the connection from left 
parietal (P7) to right temporal (T8) regions.

• Alpha band connectivity is often associated with 
internal attention and semantic processing during 
creative ideation.
 

Kosmyna, N., Hauptmann, E., Yuan, Y. T., Situ, J., Liao, X. H., Beresnitzky, A. V., ... & Maes, P. (2025).
https://doi.org/10.48550/arXiv.2506.08872
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Essential questions 

Why should we learn cognitive neuroscience? 

• What is Neuroscience and Cognitive Neuroscience?
• What is the difference between Mind and Brain?
• How can we study how the mind works?
• Can we study cognition without the brain?
• How is information transmitted from one place to another 

in the nervous system?
• What does studying the brain tell us about cognition?
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Neuroscience 

Cognitive Neuroscience 

• Neuroscience is the study of the nervous system concerning its 
structure and function. 

• This includes the brain, spinal cord, and networks of nerve cells, or 
neurons, throughout the body. 
 

Cognitive neuroscience involves the intensive study of brain activity, 
which has shown what is happening in the brain during cognition, 
as well as behavior.
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Mind and Brain 
Brain
• The physiological organ that is inside the skull.
• Regulates body functions, processes sensory input, 

controls movement, and supports cognition, 
emotions, and consciousness.

Example: A stroke affects 
the brain by interrupting 
the flow of oxygen-rich 
blood, causing brain cells 
to die within minutes. This 
cell death results in the loss 
of function controlled by 
the damaged area of the 
brain, leading to varied 
effects such as paralysis, 
speech difficulties, 
cognitive impairments, 
memory problems, or 
emotional uncertainties.

Mind
• A set of functions and processes, including 

perceiving, remembering, imagining, deciding, and 
feeling.

Mental
• An adjective referring to the operations, states, or 

phenomena of the mind.
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Brain terminology 
Major Divisions of the Brain
• Forebrain – includes cerebral cortex, thalamus, 

hypothalamus, basal ganglia, limbic system
• Midbrain – includes tectum, tegmentum
• Hindbrain – includes cerebellum, pons, medulla

Cerebral Cortex Lobes
• Frontal lobe
• Parietal lobe
• Temporal lobe
• Occipital lobe 

Gyri & Sulci (examples) 
• Precentral gyrus
• Postcentral gyrus
• Central sulcus 
• Lateral sulcus

Functional Areas
• Broca’s area
• Wernicke’s area
• Primary motor cortex
• Primary somatosensory cortex
• Primary auditory cortex
• Primary visual cortex

https://neurotorium.org/tool/brain-atlas/

Other Key
• Gray matter vs. white matter
• Corpus callosum
• Ventricles & cerebrospinal fluid (CSF)
• Neurons & glia
• Connectome
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Brain terminology 
Frontal/Coronal plane

Left view Anterior view

Horizontal/Axial plane

Left view Anterior view

Sagittal plane

*Right hemisphere

Left viewAnterior view

Coronal plane
Sagittal plane

axial plane

General Orientation
• Anterior (rostral) – front vs. Posterior (caudal) – back
• Dorsal (superior) – top vs. Ventral (inferior) – bottom
• Medial – toward the midline
• Lateral – toward the side

*The advantage of volume acquisition in neuroimaging 
(e.g., MRI) is that it allows reconstruction of images in 
three orthogonal planes: axial, sagittal, and coronal.
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Brain terminology 

https://radiopaedia.org/cases/neuroanatomy-
lateral-cortex-illustrations
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Brain organization
Connectome 

Principles 
• Cost control - use of energy and 

space, the cost would be minimized 
if the brain consisted of limited, 
short-distance connections 

• Efficiency - the ability to integrate 
information across the brain

• Average Path Length: Affects the efficiency of information flow across the 
entire network. A shorter average path length ensures that information 
can travel quickly between any two nodes in the network, promoting 
global efficiency in communication and resource exchange.

• Clustering Coefficient (Transitivity): Affects the local cohesiveness or 
grouping within the network. It reflects how likely it is that two nodes 
connected to a common node are also directly connected to each 
other. A high clustering coefficient contributes to enhanced local 
connectivity and information sharing among closely related nodes.

• Measuring both together, we call “small-world networks”

Farahani, F. V., Karwowski, W., & Lighthall, N. R. (2019). Application of graph theory for identifying 
connectivity patterns in human brain networks: a systematic review. frontiers in Neuroscience, 13, 585.

A connectome is a graph
that provides a map of the brain’s 
neural connections.
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Brain organization
Connectome 

The brain network from graph-based analysis, providing a 3D 
representation of the brain's connectivity concerning narcissistic traits 
(a) and antisocial traits (b). It’s linking the triple network (DMN, SN, 
FPN) to personality traits and suggests both shared and distinct neural 
mechanisms for narcissism and antisociality.

Jornkokgoud, K., Bakiaj, R., Wongupparaj, P., Job, R., & Grecucci, A. (2025). Narcissistic and 
Antisocial Personality Traits are both encoded in the Triple Network: Connectomics evidence. 
Psychophysiology, 62(8), e70130. https://doi.org/10.1111/psyp.70130

Brain networks 
• The frontoparietal network (FPN)
• The default mode network (DMN)
• The salience network (SN) 
• The dorsal attention network (DAN)
• The visual network (VN) 
• The auditory network (AN)
• The sensorimotor network (SMN)
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Methods 
in cognitive neuroscience 
• EEG - Electroencephalography
• fNIRS - Functional near-infrared spectroscopy
• MEG - Magnetoencephalographic
• MRI - Magnetic Resonance Imaging 
• fMRI - Functional MRI
• PET - Positron Emission Tomography
*sort by price

Nobre, A. C., & Van Ede, F. (2020). Under the mind's hood: What we have learned by watching the 
brain at work. Journal of Neuroscience, 40(1), 89-100.

• EEG - brain’s electrical signals
• fNIRS - brain blood oxygen changes
• MEG - brain’s magnetic signals
• MRI - brain structure images
• fMRI - brain activity via blood flow
• PET - brain metabolism with tracer
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• Berger H. Uber das electrenkephalogrammdes menschen. Arch Psychiatr Nervenkr. 
1929;82:527–570.

• Babiloni, C., Arakaki, X., Baez, S., Barry, R. J., Benussi, A., Blinowska, K., ... & Kamondi, A. 
(2025). Alpha rhythm and Alzheimer’s disease: Has Hans Berger’s dream come true?. 
Clinical Neurophysiology.

Hans Berger (1873–1941; left side), a Professor of Psychiatry at the 
University of Jena, Germany, and Director of its psychiatry clinic, 

pursued a visionary goal in the early 1900s: to uncover the relationship 
between mental disorders and abnormal brain activity, detectable 

through heat and electrical currents. This ambition led to his 
groundbreaking discovery in 1924, when he recorded and described 

human brain electrical activity, coining the term 
“electroencephalogram (EEG).”

The German Psychiatrist and Neuropathologist Alois Alzheimer (1864–1915) 
is portrayed at the right side. Alzheimer’s was a colleague of the famous 
German Psychiatrist Emil Kraepelin. Alzheimer published the first case of 
“presenile dementia,” after named Alzheimer’s disease.

An EEG (top) activity recorded from the 
scalp of Berger’s son, Klaus (15 years 
old). It is the first scalp-recorded EEG 
activity published by Berger in a 
scientific paper. This EEG activity was 
recorded while Klaus was in a resting-
state condition with eyes closed. 

One year later, he named it 
“alpha waves”

Methods 
Electroencephalography
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Methods 
in cognitive neuroscience 

Cognitive psychologists design 
experiments to test hypotheses 
about mental operations by 
manipulating what goes into the 
brain (Stimuli, ex, X in a different 
position as a target and O may 
come) and then observing the 
resulting behavior (Reaction 
Time and Accuracy). 
Cognitive Constructs
• Perceptual encoding speed 

(stimulus recognition)
• Decision-making time (response 

selection)
• Response execution time (motor 

output)
• Cognitive control 

(when tasks manipulate 
congruency or conflict)

The figure shows the choice reaction time 
experiment, related to Cognitive Psychology

EEG / ERP
ERPs:
• P100 / N100: perceptual encoding of stimuli
• N200: conflict detection or inhibition
• P300: decision-making, working memory updating
• Lateralized Readiness Potential (LRP): motor preparation 

before pressing a key
Time–frequency (oscillations):
• Theta: conflict monitoring, attentional control
• Alpha suppression: selective attention
• Beta: motor preparation and execution
fMRI Measures
• Activation patterns in which brain regions are engaged 

(e.g., prefrontal cortex, parietal cortex, motor cortex).
• Functional connectivity: how brain networks (e.g., fronto-

parietal) cooperate during stimulus–decision–response.
MEG and fNIRS
• Provide complementary information on temporal 

resolution (when processes occur) and spatial resolution 
(where in the brain processes occur).Jornkokgoud, K. (2025). Development of Computerized Multicomponent Cognitive Stimulation for 

Improving Cognitive Functions in Older Adults with Mild Cognitive Impairment: A Multimodal 
Investigation Using Neuropsychological and EEG/ERP Assessment. https://hdl.handle.net/11572/449932
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Methods 
in cognitive neuroscience 

Temporal resolution measures how frequently data is 
collected or how quickly changes over time can be 
observed, while spatial resolution measures the 
smallest feature that can be distinguished in a given 
area. 

• EEG - brain’s electrical signals
• fNIRS - brain blood oxygen changes
• MEG - brain’s magnetic signals
• fMRI - brain activity via blood flow
• PET - brain metabolism with tracer 

* Transcranial Doppler (TCD) is a noninvasive tool for 
measuring cerebrovascular hemodynamics.

Source: https://www.artinis.com/blogpost-all/comparison-fnirs-vs-fmri

19

khanitin.github.io Cognitive Psychology#1, p.

Educational 
Neuroscience 

Corrado Matta (2021) Neuroscience and educational practice – A critical Assessment from 
the perspective of philosophy of science, Educational Philosophy and Theory, 53:2, 197-211, 
https://doi.org/10.1080/00131857.2020.1773801
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From clinical to educational settings
EEG and fNIRS
From lab to nature 

• Janssen, T. W., Grammer, J. K., Bleichner, M. G., Bulgarelli, C., Davidesco, I., Dikker, S., ... & van Atteveldt, 
N. (2021). Opportunities and limitations of mobile neuroimaging technologies in educational
neuroscience. Mind, Brain, and Education, 15(4), 354-370.

Effects of the Light Environment in Elementary School 
Classrooms on Students’ Cognitive Performance

• Gao, B., Fu, Y., Gao, J., Liu, H., & Gao, W. (2025). Effects of the Light 
Environment in Elementary School Classrooms on Students’ Cognitive 
Performance and Galvanic Skin Indicators. Indoor Air, 2025(1), 3122870.
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Functional near-infrared spectroscopy
(fNIRS) use in medical education 

The use of functional neuroimaging 
techniques to measure learning, 
neurocognitive engagement, or expertise 
development is an emerging research 
method in health professions education. 

Toy, S., Huh, D. D., Materi, J., Nanavati, J., & Schwengel, D. A. (2022). Use of neuroimaging to 
measure neurocognitive engagement in health professions education: a scoping 
review. Medical education online, 27(1), 2016357.
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Influence of Psychopathic Traits on Group Decision-Making 
and Neural Synchrony During Real-Time Social Interactions 

• fNIRS hyper-scanning will be utilized. 
• We will record prefrontal activity while 

each pair makes joint cooperation 
versus non-cooperation decisions with 
a third participant (computer)

• We hypothesize that high meanness 
dyads will exhibit lower cooperation 
rates and a distinct pattern of inter-
brain synchrony compared to low 
meanness dyads.
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What’s next?
• Chapter 1 | Human Cognition

Computational Cognitive Science 

Thank you for your attention.

You can now answer 
The question of why we should learn cognitive neuroscience.

• Understanding the Brain–Mind relationship and how mental processes.
• Advancing psychology and clinical Practice
• Clinicians and educators to design interventions grounded in brain science
• Driving Innovation in Education 
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