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Outline FAV 4

- Thalamus is a gateway through which sensory stimulation gains attention and
processing. We can be woken up by strong auditory or visual stimuli.

- Neocortical brain areas have common features (six layers) and distinctions
(sensory versus motor, and others).

- Sensory areas are typically divided into ‘primary’ and ‘secondary’, but the
functional features of processing order between these remain unclear.

- There are 47 distinct Brodmann areas (by Korbinian Brodmann, 1909).
- Distinct areas enable vocalization: 2 major speech centers, sensory and motor.
- Inter-hemispheric division of labor: when we sing a song, left (dominant)

hemisphere maintains lyrics and the other hemisphere contains the melody.
- Speech sounds (vowels, consonants) have distinct spectral and temporal

features (formants).
- There are critical developmental periods for speech acquisition – language

understanding starts before speech production. Developmental period partly
closes in puberty.

- (Families of Indo-European languages, tonal languages, language origin,
structure and putative universal grammar et cetera. This is fascinating, but it is
mostly beyond scope of these lectures…)

- Hearing loss in ageing progresses across modalities and higher loudness in
hearing aid often does not help – is there a need for augmented media?
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How Do We Collect Information About 
Cortex? We Use Electrophysiology,
Non-invasive and Invasive.
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Psycho-
Physical
and Electro-
Encephalo-
Graphic
Responses
of Infants and
Small Children

All Conscious 
Mental 
Processes
Reside in 
Cerebral 
Cortex



Pyramidal 
Neuron
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As most neurons, 
this cell consists of:
[1] cell body
[2] basal dendrites
[3] apical dendrites
[4] principal axon
[5] axon collaterals
Synapses use 
excitatory neuro-
transmitter: 
glutamate.



CORTICAL MICROCIRCUIT

Neocortex and Other Cortices 
(Paleocortex, Olfact. Only: 3 Layers, 
Archicortex, Olfact. and Hippocampus, 

3 or 4 Layers)

6



Cortex Consists of Columns as 
Functional Units

7

CC = Cortico-
Cortical 
Connections,
TR = Thalamic 
Radiation

Area of Cerebral 
Cortex Correlates 
with the Size and 
Surface Area of 
the Mammal
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Unfolded Human Cerebral 
Cortex Has Surface Area 
As Medium Size Pizza 

Pastafarian Mission
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Cerebral Cortex and Other Connected Nuclei

- Reticular Formation

- Sensory Projections

- Motor Projections

- Thalamus

- … Other Sub-Cortical Projections...
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Reticular Formation
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Two Main Speech Centers Within the (Brodmann’s) Areas
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Brodmann Areas (Outer Hemisphere Part)

The Least 
Structured 
Mammalian 
Brain is 
Found in 
Rodents and 
Insectivora

X

X
XX X
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Brodmann Areas (Inner and Outer)
http://www.fmriconsulting.com/brodm

annconn/
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Visual Pathways

red:

magnocellular 
pathway
(motion, black 
and white)

green:
parvocellular
pathway (color)

Inappropriate Way to Explain Connectivity…



THIS PANEL IS A SPECULATIVE ATTEMPT TO CLASSIFY BRODMANN 

AREAS DIFFERENTLY

“Binary Trees of Brodmann Areas” and Beyond Brodmann Areas

- Bit 1: (Left) vs. (Right) Hemisphere
- Bit 2 and 3: (Motor/ Frontal Lobe) (Somatosensory/ Parietal L.)
- Bit 2 and 3: (Auditory/ Temporal L.) (Visual/ Occipital L.)
- Bit 4: (Primary) vs. (Secondary) Sensory projection areas
- Bits 5, 6, 7: subdivisions of visual/ sensory areas
- Sensory Domains: Bits 1 and 7: (Left/ Right) vs. (Bottom/ Top) Extensions, 

Retinotopy, Spatial Maps
- Bit 8: Temporal encodings: subcortical
- Bit 9: Other modality encodings – Hippocampus (Archi-cortex)/ space 

navigation, and so on.

Olfactory cortex and Hippocampus (Archi-cortex), Olfacory Bulb (Paleo-cortex), 
Vestibular Cortex (Part of Temporal lobe), Cortical Projections, Remaining senses: 
Olfaction, Taste and Touch
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What and Where in auditory cortex?
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Speech
Processing in 
Cerebral Cortex
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Vocal range and singing range + modalities...
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Formants of Vowels in 
Different Languages
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Stages of Speech and Language Acquisition
6 mo Beginning of distinct babbling.

1 y Beginning of language understanding, one word utterances.

1.5 y Dictionary of 30 to 50 words.

2 y Dictionary of 50 to several hundred words. Two word 

(telegraphic/ short message) speaker.

2.5 y Three or more word sentences. Many grammatical errors and 

idiosyncratic expressions. Good understanding of language.

3 y Dictionary of 1000 words.

4 y Dictionary of 2000 words. Speech competence close to adults.

[Kandel, Schwartz, Jessel, Principles of Neural Science, 1991]

EN: babble, CZ: žvatlat, SK: džavotať, GE: plappern,

LAT: balbuties, et cetera…



Comments On Speech Centres
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(1) On rare cases of ‘split brain’ patients, it has been demonstrated
that lateralization of is a purposeful physiological feature

(2) Sensory speech center deficit (= aphasia) is more devastating than
motor aphasia.  This is because one does not have a way how to
communicate with a patient affected by sensory aphasia.

(3) There are critical developmental periods in native (and foreign)
language and speech acquisition.
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Two Main Speech Centers Within the Brodmann’s Areas
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Prototypes of vowels
and synthetic vowels
in formant space
[P. Kuhl et al, 1992]
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Psycho-physical
responses of 6 month 
old infants to vowels of 
native and foreign 
language
[P. Kuhl et al, 1992]
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Řečové, 
(fatické) 
poruchy
(=afázie)
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Summary FAV 4

- Thalamus is a gateway through which sensory stimulation gains attention and
processing. We can be woken up by strong auditory or visual stimuli.

- Neocortical brain areas have common features (six layers) and distinctions
(sensory versus motor, and others).

- Sensory areas are typically divided into ‘primary’ and ‘secondary’, but the
functional features of processing order between these remain unclear.

- There are 47 distinct Brodmann areas (by Korbinian Brodmann, 1909).
- Distinct areas enable vocalization: 2 major speech centers, sensory and motor.
- Inter-hemispheric division of labor: when we sing a song, left (dominant)

hemisphere maintains lyrics and the other hemisphere contains the melody.
- Speech sounds (vowels, consonants) have distinct spectral and temporal

features (formants).
- There are critical developmental periods for speech acquisition – language

understanding starts before speech production. Developmental period partly
closes in puberty.

- (Families of Indo-European languages, tonal languages, language origin,
structure and putative universal grammar et cetera. This is fascinating, but it is
mostly beyond scope of these lectures…)

- Hearing loss in ageing progresses across modalities and higher loudness in
hearing aid often does not help – is there a need for augmented media? 31
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České vysoké učení technické v Praze, Fakulta elektrotechnická Právní doložka (licence) k tomuto Dílu 

(elektronický materiál) České vysoké učení technické v Praze (dále jen ČVUT) je ve smyslu autorského 

zákona vykonavatelem majetkových práv k Dílu či držitelem licence k užití Díla. Užívat Dílo smí pouze 

student nebo zaměstnanec ČVUT (dále jen Uživatel), a to za podmínek dále uvedených.

ČVUT poskytuje podle autorského zákona, v platném znění, oprávnění k užití tohoto Díla pouze 

Uživateli a pouze ke studijním nebo pedagogickým účelům na ČVUT. Toto Dílo ani jeho část nesmí být 

dále šířena (elektronicky, tiskově, vizuálně, audiem a jiným způsobem), rozmnožována (elektronicky, 

tiskově, vizuálně, audiem a jiným způsobem), využívána na školení, a to ani jako doplňkový materiál. 

Dílo nebo jeho část nesmí být bez souhlasu ČVUT využívána ke komerčním účelům. Uživateli je 

povoleno ponechat si Dílo i po skončení studia či pedagogické činnosti na ČVUT, výhradně pro vlastní 

osobní potřebu. Tím není dotčeno právo zákazu výše zmíněného užití Díla bez souhlasu ČVUT. 

Současně není dovoleno jakýmkoliv způsobem manipulovat s obsahem materiálu, zejména měnit jeho 

obsah včetně elektronických popisných dat, odstraňovat nebo měnit zabezpečení včetně vodoznaku a 

odstraňovat nebo měnit tyto licenční podmínky.

V případě, že Uživatel nebo jiná osoba, která drží toto Dílo (Držitel díla), nesouhlasí s touto licencí, 

nebo je touto licencí vyloučena z užití Díla, je jeho povinností zdržet se užívání Díla a je povinen toto 

Dílo trvale odstranit včetně veškerých kopií (elektronické, tiskové, vizuální, audio a zhotovených jiným 

způsobem) z elektronického zařízení a všech záznamových zařízení, na které jej Držitel díla umístil.
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Thanks for your attention

CTU FEE

Warning: neither the PDF, nor the PPT, PPTX, etc.
versions of this presentation are official study materials.
For internal use only. Do not distribute.

Contacts:
Petr.Marsalek@FEL.CVUT.CZ
Petr.Marsalek@LF1.CUNI.CZ

(preview) http://nemo.lf1.cuni.cz/mlab/ftp/PPT-CVUT/

END

OF THE LECTURE


