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Department of Experimental Psychology, University of Oxford

+  He graduated with a degree in and NEUFSSSGCTE'EZE
Philosophy. He then trained in g
in London before pursuing a PhD in cognitive
neuroscience.
e Hisresearch has been on the of
and in the brain.

*  Neurologist, King Chulalongkorn Memorial Hospital
* Hereceived his internal medicine training from KKU,

neurology fraining from CU, and later went to pursue
his Ph.D. in experimental psychology at UCSD.
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Why is it essential for us to learn cognitive psychology?
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to gain insight intfo the human mind and behavior.

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

to understand how the mind works

This knowledge will serve as a bridge to applied psychology:
clinical psychology, educational psychology, neuropsychology,
human-computer/machine/Al interaction.

>

5

MAHASARAKHAM
UNITVERSITY

“By changing our inner world,

we can transform our external circumstances
and the world around us.”

Adapted from Gandhi's Philosoph
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“Easing mental strength through LLMs can lead

to a reduced ability to recall, think critically,
or build lasting knowledge.”

- + 32 electrodes of the EEG were used to assess
i » i N = cognifive load during essay writing. Frequency
L * " palues | bands were analyzed.
~=1 « EEG revealed significant differences in alpha band
| B s . ? e e o gibie. connectivity, especially in the connection from left
= s, 8 e Fr e o e parietal (P7) to right temporal (T8) regions.
EEG = 3 ;f" 2 4§ %
iy "3 2 Ny ./ + Alpha band connectivity is often associated with
g Sedreh = internal attention and semantic processing during
I LY ¥ Y . T creative ideation.

Figure 1. The dynamic Direct Transfer Function (dDTF) EEG analysis of Alpha Band for groups:
LLM, Search Engine, Brain-only, ir ing p-values to show signif from ly
significant (*) to highly significant (***).

>
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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

Why should we learn cognitive ?
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«  Whatis Neuroscience and Cognitive Neuroscience?

*  Whatis the difference between Mind and Brain?

+ How can we study how the mind works?

« Can we study cognition without the brain?

+ How is information tfransmitted from one place to another
in the nervous system?

*  What does studying the brain tell us about cognition?
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Cognitive Neuroscience
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* 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
as well as behavior.

>
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* The physiological organ that is inside the skull. Example: A stroke affects
+ Regulates body functions, processes sensory input, the brain by interrupting
controls movement, and supports cognitfion, the
emotions, and consciousness. , causing brain cells
Mind to die within minutes. This
+ A set of functions and processes, including i resulfs in the loss
perceiving, remembering, imagining, deciding, and of function controlled by
feeling. the damaged area of the
brain, leading to varied
Mental effects such as paralysis,
+ An adjective referring to the operations, states, or speech difficulties,
phenomena of the mind. cognitive impairments,

memory problems, or
emotional uncertainties.
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Brain terminology
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Major Divisions of the Brain

Forebrain - includes cerebral cortex, thalamus,
hypothalamus, basal ganglia, limbic system
Midbrain —includes fectum, tegmentum
Hindbrain —includes cerebellum, pons, medulla

Cerebral Cortex Lobes
Frontal lobe

Parietal lobe

* Temporal lobe
Occipital lobe

Functional Areas
Broca's area
Gyri & Sulci (examples) Wernicke's area
Precentral gyrus
Postcentral gyrus
Cenfral sulcus

Lateral sulcus

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

Sagittal plane

Anterior view Left view

Left view

*Right hemisphere

General Orientation

» Anterior (rostral) — front vs. Posterior (caudal) — back
Dorsal (superior) — top vs. Ventral (inferior) — botfom
Medial - toward the midline

Lateral — toward the side

12

Horizontal/Axial plane

Sagittal plape

*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.

axial plane

Frontal/Coronal plane

Anterior view

= A
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Brain terminology
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UNIVERSITY parietal
[ Jronals ] oo

Orbital gyri

Postcentral g.

parietal
lobule

accipital
q.

temporal g.

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

>
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Clustering coefficient Modularity Shortest path

Brain organization
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Assortative Disassortative
A connectome is a graph o
that provides a map of the brain’s

neural connections.

Increasing randomness

. o Average Path Length: Affects the efficiency of information flow across the
PrlnCIpIeS entire network. A shorter average path length ensures that information
can fravel quickly between any two nodes in the network, promoting
° COST ConTrOI - use Of energy Oﬂd global efficiency in communication and resource exchange.
'SDOCG, The cost )NOUld be mlnlmlzed « Clustering Coefficient (Transitivity): Affects the local cohesiveness or
if the brain consisted of limited, grouping within the network. It reflects how likely it is that two nodes
. . connected to a common node are also directly connected to each
short-distance connections other. A high clustering coefficient contributes to enhanced local
R HH H connectivity and information sharing among closely related nodes.
- Efficiency - the ability to integrate Y g among closely
informo’rion ACross The broin * 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.

o
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Brain organization
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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)

right

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) fo 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
_l
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* EEG - Electroencephalography + EEG - brain’s electrical signals
» fNIRS - Functional near-infrared spectroscopy «  fNIRS - brain blood oxygen changes
*  MEG - Magnetoencephalographic *  MEG - brain's magnetic signals
*  MRI - Magnetic Resonance Imaging *  MRI - brain structure images
+  fMRI - Functional MRI *  fMRI - brain activity via blood flow
»  PET - Positron Emission Tomography *  PET- brain metabolism with tracer
*sort by price
Society for Neuroscience founded human neurophysiology

development

of MEG

Donders’
chronometry

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
: L 6 10 1" 13 15 17 1 2

lesion studies tablishment of link betwe N vivo autorac apk ¥ t svelof t incorporating
by Broca, Wernicke, yod tiof T tivit to mea 1CBF C of BOLC machine learning

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.

o
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Methods
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An EEG (top) activity recorded from the
scalp of Berger's son, Klaus (15 years
old). Itis 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 yecar later, he named it
“alpha waves”

W-\,‘,‘V.',A-'.‘N‘.""\"'M'WWANA:-VWW

Hans Berger (1873-1941; left side), a Professor of Psychiatry atthe  The German Psychiatrist and Neuropathologist Alois Alzheimer (1864-1915)
University of Jena, Germany, and Director of its psychiatry clinic,  is portrayed at the right side. Alzheimer's was a colleague of the famous
pursued a visionary goal in the early 1900s: o uncover the relationship  German Psychiatrist Emil Kraepelin. Alzheimer published the first case of
between mental disorders and abnormal brain activity, detectable “presenile dementia,” after named Alzheimer’s disease.
through heat and electrical currents. This ambition led to his
groundbreaking discovery in 1924, when he recorded and described +  Berger H. Uber das electrenkephalogrammdes menschen. Arch Psychiatr Nervenkr.

human brain electrical activity, coining the term é9i9l782:5é7—570;< . Baer s s 18 N o x . ;
“w " . abiloni, C., Arakaki, X., Baez, S., Barry, R. J., Benussi, A., Blinowska, K., ... & Kamondi, A.
elecfroencephc\ogrom (EEG)‘ (2025). Alpha rhythm and Alzheimer's disease: Has Hans Berger's dream come frue?.
Clinical Neurophysiology.

>

17

Methods

MAHASARAKHAM
UNITVERSITY

e——]

.
.

.
2
§—
2

a

%

Cognitive psychologists design EEG / ERP * ]

experiments to test hypotheses ERPs:

about mental operations by « P100/ N100: perceptual encoding of stimuli
manipulating what goes into the « N200: conflict detection or inhibition

brain (Stimuli, ex, X in a different »  P300: decision-making, working memory updating
position as a target and O may * Lateralized Readiness Potential (LRP): motor preparation
come) and then observing the before pressing a key

resulting behavior (Reaction Time-frequency (oscillations):

+ Theta: conflict monitoring, attentional control
*  Alpha suppression: selective attention

* Beta: motor preparation and execution

fMRI Measures

Time and Accuracy).

Cognitive Constructs
« Perceptual encoding speed
(stimulus recognition)

+  Decision-making time (response . Activation patterns in which brain regions are engaged
selection) (e.g., prefrontal cortex, parietal cortex, motor cortex).

« Response execution time (motor . Functional connectivity: how brain networks (e.g., fronto-
output) parietal) cooperate during stimulus—decision-response.

« Cognitive confrol MEG and fNIRS
(when tasks manipulate .

The figure shows the choice reaction time

h Provide complementary information on temporal
experiment, related to Cognitive Psychology congruency or conflict)

resolution (when processes occur) and spatial resolution

Jornkokgoud, K. (2025). Development of Computerized Multicomponent Cognitive Stimulation for (Where in the brain processes OCCUI’).
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
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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

ared.

» EEG - brain’s electrical signals

+ fNIRS - brain blood oxygen changes

*  MEG - brain’s magnetic signals
*  fMRI - brain activity via blood flow

e PET - brain metabolism with tracer

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

o
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Table 1. A summary of the selected studies.
Neuroimaging
° Authors Design Intervention/Intervening factor Target measure
Ed chtlo n q I Taillan et al., 2015 Single group Two types of problems: Mathematical EEG
W design (N=22) homogeneous and problem solving
heterogeneous problems
Daly et al., 2019 Single group Two types of problems: Motivation EEG
Mﬂé_s_&g‘h_gﬂfM design (N=23) Mindset theory-problems vs
UNIVERSITY standard problems
Pietto et al, 2018 study G i [t based Inhibitory control EEG
Table 1. A summary of the selected studies. with control and cognitive training
Neuroimaging test group (N=44) ’ ) .
Authors Design Inter ing factor Target measure Ludyga et al., 2018 Ranﬂomuzed study A daily, ghoﬂ mmhxrgd X Inhibitory control EEG
— = ~ ~ with control and aerobic and coordinative
Takeuchi et al,, 2019 Randomized with Teacher gives hints via a tablet  Metacognition fFNIRS test group (N = 36) ok ion
control and test screen to facilitate solving b gow o g -~
= Lee N rized study Training program focused on Brain function fMRI
group (N=14) of a puzzle task by student 3 h = N S = "
5 . P et al, 2018 with control and improving arithmetic skills associated with
Aar et al, 2019 Non-randomized study Gap-Year program: a personal Educational decision- MRI testgroup (N =34) matheatical gl
with control and development program for making, self-esteem groig i = 5 %
i Sanger & Dorjee, 2016  Non-randomized study  School-based Attention processing EEG
test group (N= 84) adolescents who have and self with ¢omtrol. and mindblned GioaRm
dropped out of higher concept clarity ? prog
education or stay undecided test group (N =40)
after high school. Horowitz-Kraus, 2015 Non-randomized study Reading Acceleration Program: Reading speed and EEG
Antonenko Non-randomized study ~Cyber-enabled collaborative Callaborative EEG with two test a reading fluency program executive:
et al, 2019 with two test problem-solving via two problem solving groups (N=54) that improves word- functioning in the
groups (N= 140) types of scripts dem_dmg accuracy c!wd linguistic demain
Nenciovici et al, 2018  Non-randomized study Error comection Error correction of fMRI reading comprehension
with two test scientific concepts Karlsson Wirebring Non-randomized study Pupils are asked to create a Mathematical problem  fMRI
groups (N= 43) et al, 2015 with two test solution method to a solving
Nissim et al, 2018 Randomized study Aquatic motor activity training  Verbal MEG groups (N=73) mathematical problem performance
two test groups vs. on land motor working memory themselves, rather than
and a control activity training being presented with
group (N =24) a solution
Rominger et al., 2017  Non-randomized study Subjective Relevance: a Reflection ability EEG Neville et al,, 2013; Randomized study Parents and Children Making Selective attention, EEG
with control and reflection competence Giuliano with two test Connections: a family-based different
test group (N =45) training program et al, 2018 groups and a training program for lower standardized
Lee et al, 2015 Single group Two form of instructions for Difference in fMRI control socioeconomic status measures
design (N =20) solving mathematical mathematical group (N =141) preschoolers of cognition
problems: examples versus leaming outcomes
verbal directions R . . .
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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EEG and fNIRS Effects of the Light Environment in Elementary School

Classrooms on Students’ Cognitive Performance
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UNIVERSITY TABLE 1: Spac rescarch based on ph

Ref.  Factor  Panticipants Tosk Results

Age
Range Mean SD

Sty the clfects of color

Iiluminance, temperatare and ik The AP of with
» 54 2 ¥
L IRGNE. PRI b G ins different incressing umination
paces.

Measure the EEG responses of uscrs

ight rontal lobe) avel P
8] Spie  MMi2F 2835 M2 130 when they experience changes in Shoec ke

Chany
(et par
significa

ces in the RAB

Experimental control

Ecological validity

Representative design Naturalistic design

! i
! i
al technology (stationary) ! Mobile technology (EEG/fNIRS) ]
i
l :
e i}
Janssen, T. W., Grammer, J. K., Bleichner, M. G., Bulgarelli, C., Davidesco, I., Dikker, S., ... & van Atteveldt, + Goao, B, Fu, Y., Gao, J., Liu, H., & Gao, W. (2025). Effects Ofv the Light
N. (2021). Opportunities and limitations of mobile neuroimaging technologies in educational Environment in Elementary School Classrooms on Students’ Cognitive
neuroscience. Mind, Brain, and Education, 15(4), 354-370. Performance and Galvanic Skin Indicators. Indoor Air, 2025(1), 3122870.
o
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Functional near-infrared spectroscopy
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The use of functional neuroimaging

techniques to measure learning,
neurocognitive engagement, or expertise £
development is an emerging research 5 “IEG MR i INIRS  —Toul
method in health professions education. ‘ZE
3 **:"'::7{/
P ot ot G R
R .‘]/ i : ] ‘1. ] :

00 002 2013 014 2005 2006 2017 2018 2019 2020

Publication years

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
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£ osepecisTas ~ A SR s «  fNIRS hyper-scanning will be utilized.
Influence of Psychopathic Traits on Group Decision-Making and *  We willrecord prefrontal activity while
Neural Synchrony During Real-Time Social Interactions each pair makes joint cooperation
versus non-cooperation decisions with
W i S @ third porficipant (computer] “se g
time: Description # @9@9@)9@9@)

Please note:

Changes to any files (1) n the projects or

registered, (2) uploaded or prompt res
a

This study Is a laboratory-based experiment designed to Investigate how
P t al.

+  We hypothesize that high meanness
. N dyads will exhibit lower cooperation
e e rates and a distinct pattern of inter-
ety e brain synchrony compared to low
=i meanness dyads.

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

Understanding the Brain—-Mind relatfionship and how mental processes.
Advancing psychology and clinical Practice

Clinicians and educators fo design interventions grounded in brain science
Driving Innovation in Education

What's nexi?

* Chapter1 | Human Cognition
Computational Cognitive Science
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