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The topics
Process of Cognition 

– Learning
– Thinking
– Cognition

• Brain’s functional activity

– Neuronal process of learning
– Neuronal process of thinking and cognition
– Neuronal process of expression

• Expression
– Verbal
– Non-verbal
– Combined



Human intellectual functions
Cognition

Learning  
Thinking
Cognition

Expression
Verbal  speech
Non-verbal  prosody
Combined

Comprehension

Collecting data?



Learning
• Animal

– Circumstantial
– Practicing
– Conditioning Pavlov, instrumental
– Perceptual
– Complete problem solving

• Human
– Association
– Repetition
– Reinforcement
– Organization
– Inhibition
– Motivation
– Classical conditioning
– Verbal learning



Thinking
• Realistic thinking

– Converge the components
• Problem solving
• Creative

– Preparation
– Incubation
– Illumination
– Verification

• Autistic
– Free association
– Fantasy
– Dreaming

• Pathological
– Behavioral disorder
– Neurosis
– Psychosis

Autism 4 out of 10,000 births
boy dominant

Start at around 2.5 year old
Stops speech progression
Withdrawal, rhythmic body movement
Withdrawal from reality
Reverie, flights of fancy
Daydreaming, delusion, hallucination 

Thinking is intellectual exertion aimed at
finding an answer to a question or a means
of achieving a desirable practical goal.

Thinking as internal problem-solving behavior.

Directed thinking
Mnemonic thinking



Cognition
(Γ)γιγνώσκω-nosco-gnosco-cognosco-

To come to know, to get a knowledge of, to become acquainted with
To ascertain completely by the sense or the mind, to learn, to know,
To recognize, to discover, to perceive, to have acquired knowledge

Γνώμη- understanding
ή γνῶσις  - knowledge, cognition

• Definition of cognition: 
– The use of handling of knowledge
– The mental process involved in knowing, or the act of knowing, 

which in its completeness includes awareness and judgment.
The role of cognition in perception underlies the importance of knowledge-based 
processes in making sense of the ‘neutrally coded’ signals from the eye and other 
sensory organs.

It seems that man is different from other animals very largely because of the far 
greater richness of his cognitive processes. Associated with memory of individual 
events and sophisticated  generalization, they allow subtle analogies and 
explanations – and ability to draw pictures and speak and write.



Cognition

?Analogical reasoning
Analogy making
Categorization
Analogy 

single-(pair)– repeated “Rasa”!
Pluralization
Phrases

Be my guest, out of blue, beat around the bushes
Feel yourself at home, salt on wound, oil on the fire
eye for an eye, tooth for a tooth

Proverbs
Many small things make one big thing.
Soft answer turns angry wrath.
Fine feathers do not make fine birds.
Sour grape

Perception of common essence 
between two things! 



Source of Learning

Stimuli 
from the  external world

Stimuli
from the internal organs



The BRAIN



Neuronal Tissue



Synapses



Neurotransmitters



Synapses on neurons



Development of the neural tube

Development of the brain
and the intellectual function

Development of the cellular
components of the human
cerebral cortex



Development of the human cerebral cortex



Development of the nervous tissue



Stage Age or Period Description

Sensorimotor stage     Infancy (0–2 years)

Intelligence is present; motor activity but no 
symbols; knowledge is developing yet limited; 
knowledge is based on experiences/ 
interactions; mobility allows child to learn new 
things; some language skills are developed at 
the end of this stage. The goal is to develop 
object permanence; achieves basic 
understanding of causality, time, and space.

Pre-operational stage
Toddler and Early Childhood 
(2–7 years)

Symbols or language skills are present; memory 
and imagination are developed; nonreversible 
and nonlogical thinking; shows intuitive problem 
solving; begins to see relationships; grasps 
concept of conservation of numbers; egocentric 
thinking predominates.

Concrete operational 
stage

Elementary and Early 
Adolescence (7–12 years)

Logical and systematic form of intelligence; 
manipulation of symbols related to concrete 
objects; thinking is now characterized by 
reversibility and the ability to take the role of 
another; grasps concepts of the conservation of 
mass, length, weight, and volume; operational 
thinking predominates nonreversible and 
egocentric thinking

Formal operational stage
Adolescence and Adulthood 
(12 years and on)

Logical use of symbols related to abstract 
concepts; Acquires flexibility in thinking as well 
as the capacities for abstract thinking and 
mental hypothesis testing; can consider possible 
alternatives in complex reasoning and problem 
solving.[19]

Human intellectual development

https://en.wikipedia.org/wiki/Cognition#cite_note-19


Neuronal pathways
Visual Acoustic



Neuronal pathways
somatosensory motor autonomic



Representation of the Body parts in the Sensory and motor cortex 

Sensory cortex Motor cortex



Mapping the brain areas
for functions

1. Clinico-pathological methods
a. Clinical observations
b. Histology 
c. Imaging techniques

MRI, fMRI

2. Experimental
a. Histology
b. Electrophysiology



Brain: views from lateral and superior side 

Sobotta: Atlas of descriptive human anatomy



Cytoarchitectonic map of the brain



Neuronal connections of the brain

Sobotta: Atlas of descriptive human anatomy



How the BRAIN works?

Analog stimuli converted into electrical signal

Through the sensory neurons

What kind of form the electrical signal is?

Is the digital electrical signal binary or…? 



Tracking the functional activity of the brain

Epileptic  seizureNormal EEG

MRI images fMRI images

Single cell recording
Scalp recording

fMRI images, assembled

S.Kuffler: From Neuron to Brain Schoonover: Portraits of the Mind 

https://en.wikipedia.org/wiki/File:100325_RS88UH_11_qc.gif


Brain areas involved in learning and language processing



Speech-circuitry



Outflows from the visual cortex



Connections of the parietal association cortex



External stimuli into the brain



Pathway of the taste



Neurotransmitters in the brain



Neuronal structures involved in the speech production



Somatic and Emotional motor system



Stimulus
External & internal

“Rasa”

Sensory Receptors

Primary & Secondary
Sensory Cortices

(Temporal + Occipital cortex)
Association cortex
(Parietal Cortex) 

Intentionality Filter
“Bhava”

Inherited DNS
(Frontal Cortex)

Mindfulness
Analyzing

Consciousness
Understanding
(Frontal Cortex)

Activate
Neuronal Network

Memory

Neurons Secrete
Several Chemicals 

Substrates

Emotions
(Amygdala + Thalamus)

Moods

Responses 
Movements

Speech/articulations
Grimaces/Gesticulations

Population
Interactions

Evoke
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Process Of Thought Expression

External Stimuli 
with ‘Rasa’

BRAIN 1⁰&2⁰
Association 

Cortices

INTENTION OF THINKING
Prefrontal Cortices

SENSORY 
Receptors

BRAIN 1⁰&2⁰
Association Cortices

Mind

MEMORY
Scanning Segmentations 

Cognitive Map

Elaboration of Signals: 
Segmentations, 

Tagging,  Recoding, 
Saving,

Map creation

Assembling  from syllabic  
Segmentations Cognitive Map

Prosody 
components 

miming 
gestures, tone 

of sound

Emotional coloring 
neurotransmitters’ 

pool

DECISION CENTER
Prefrontal cortex? Selected words 
combined with grammar tagged 

with prosody and emotional 
component orders

THOUGHT

Order to 
Express

Order to 
block

THOUGHT silenced 
non-vocalized

Order to Stimuli

Lung Vocal Cords Tongue Palate

Speech Vocalization
THOUGHT 

Verbalized vocalized

Response as 
external stimuli RECEIPIENT

Response as 
external stimuli
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If the human brain were so simple that we could understand it,
we would be so simple that we couldn’t. 

George Edgin Pugh, nuclear physicist

We shall not fail or falter we shall not weaken or tire. … 
Give us the tools and we finish the job.

Sir Winston Churchill, politician

Although the field is by no means neglected, we have no clear-cut approach as yet
for investigating the cellular basis of memory, learning, consciousness, or even 
how a simple act of movement is initiated in a higher animal. But perhaps we should 
feel encouraged by the vivid awareness of our many glaring deficiencies and by our
ability to define many areas of ignorance.

Stephen W. Kuffler, neuroscientist



Imre Farkas, Hungarian poet

Titok

Ha nem volna probléma, és volna
a megoldások háreme nyitott,
akkor is volna kutatnivalóm.
Tudnom kellene: miért nincs titok.

Secret

If there wouldn’t be problem, and
the solutions’ harem would be open,
even then I would have something to investigate.
I ought to know: why there is no problem.



Thank you for your attention!


	Neuro-circuitry of cognition
	The topics
	Human intellectual functions
	Learning
	Thinking
	Cognition
	Cognition
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	How the BRAIN works?
	Slide Number 26
	Brain areas involved in learning and language processing
	Speech-circuitry
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Process Of Thought Expression
	Slide Number 38
	Imre Farkas, Hungarian poet
	Slide Number 40

