The Brain, Biology and Cognition
(BBC)

Lecture 4: Mechanisms of perception: Hearing,
touch, and attention.
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» Organisation of other sensory systems is similar
to that of vision.....

* The sensory areas of the cortex are considered to
be of 3 different types:

* Primary cortex — Main input from thalamic relay nuclei
* E.g., striate cortex receives input from the lateral
geniculate nucleus
» Secondary — input mainly from primary and other
secondary cortex areas within the sensory system
» Association — input from more than one sensory
system, usually from secondary sensory cortex

Principles ._». Sory Syst ‘“
» Interactions among these are characterized
by three major principles:

1. Hierarchical Organization........

« Specificity and complexity increases with each
level through the system.

» Each level of a sensory hierarchy receives most input
from lower layers and then adds another level of
analysis before passing it on up the hierarchy.

» General process of perceiving is split in to two phases
—Sensation — detecting a stimulus
—Perception - integrating/understanding the stimulus
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2. Functional Segregation exists in the system —
distinct functional areas exist within a level, and
specialize in different kinds of analyses.

3. Parallel Processing exists — simultaneous analysis
of signals along different pathways of a network.
» Two types of parallel streams exist:

— One capable of influencing behaviour by engaging
conscious awareness

— Another capable of influencing behaviour without
conscious awareness

Former Model Current Model

Characterised by division of labour: specialised areas at multiple
levels are interconnected by multiple parallel pathways. E.g., each
area of the visual system is specialised for perceiving aspects of a
visual scene (shape, colour, movement, etc.)

Perception is product of . Also top-down processing:
combined activity of different _neumns carry signals

interconnected cortical areas. down the hierarchy.

*Function of auditory system i

*Natural sounds are complex p
of air molecules that stimulate

*We hear molecule vibrations &

*A Fourier analysis (mathemat
breaks natural sounds down i

*Our system can then underst
through a complex relationsh
natural sound and perceived f

Wood1.



http://www.apa.org/
http://www.google.com/
http://media.pearsoncmg.com/ph/hss/livepsych/start.htm
http://www.psychologicalscience.org/
http://www.mypsychlab.com
http://www.apa.org/
http://www.google.com/
http://media.pearsoncmg.com/ph/hss/livepsych/start.htm
http://www.psychologicalscience.org/
http://www.mypsychlab.com
http://www.apa.org/
http://www.google.com/
http://media.pearsoncmg.com/ph/hss/livepsych/start.htm
http://www.psychologicalscience.org/
http://www.mypsychlab.com

Principles of Sensory. S

h

Physical Physical Perceptual
Dimension Stimulus Dimension

Amplitude /\/V\/\/\_/ Loudness

e O\ A\SJUVWY 7
Complexity /\/\,\/\'\,\/\’\'W\n’\,\l Timbre

Principles of Sensory S

> produce N
s A

\
ANNNNNNAN
aattacaoerTs | sound
e g
oo

NG

Waveform of a
clarinet sound

+Sound waves enter the
auditory canal of the ear and
then cause the tympanic
membrane (the eardrum) to
vibrate

«This sets in motion the bones
of the middle ear, the ossicles,
which trigger vibrations of the
oval window

+Sound wave > eardrum >
ossicles (hammer (malleus),
anvil (incus), stirrup (stapes))
> oval window

«Vibration of the oval window
sets in motion the fluid of the
cochlea

*The cochlea’s internal
membrane, the organ of Corti,
is the auditory receptor organ

Wood1.
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«Each pressure change at the oval
window travels along the organ of
Corti as a wave.

«Corti is composed of:

1. Basilar membrane — auditory
receptors (hair cells) are
mounted here

2. Tectorial membrane — rests
on the hair cells

«Stimulation of hair cells triggers
action potentials in the auditory
nerve

«Tonotopic (frequency) organization
of the basilar membrane and most
other auditory system components

From the Ear to the Primary .

The axons of each auditory nerve
synapse in the ipsilateral
cochlear nuclei

From there, many projections
lead to the superior olives on
both sides of the brain stem

From there, axons project via the
lateral lemniscus to the inferior
colliculi

Axons then project from the
inferior colliculi to the medial
geniculate nuclei of the
thalamus

Thalamic neurons then project to
the primary auditory cortex

Wood1.
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Auditory ‘m

+ Auditory cortex located in temporal lobe within the lateral fissure.
« Core region: includes primary cortex

Belt surrounds the core region (secondary cortex)

Secondary cortex outside the belt referred to as parabelt areas
~10 separate areas of secondary auditory cortex in primates

Primary auditory cortex organized
in functional columns with

neurons responding optimally to {
sounds in same frequency range. | >
Also organized tonotopically with

auditory cortex being organized
on the basis of frequency

What Sounds Shoulc

1ot 3

*Several reasons why research on the auditory
system has fallen behind:

*Lack of understanding of the dimensions along
which auditory cortex evaluates sound

*Although we know there is a hierarchal
organization, the cells that respond to complex
sounds are not understood

« Difficult to know how to probe the system with the
right acoustic stimuli.

- il

* Auditory signals are
conducted to two areas of
association cortex:

« Prefrontal cortex il
« Posterior parietal cortex

* Anterior auditory pathway
may be more involved in
identifying sounds (what)

* Posterior auditory pathway

may be more involved in

locating sounds (where)

Wood1.
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the auditory and visual systems
* e.g. some posterior parietal neurons have visual
and auditory receptive fields

«Interaction in primary sensory cortices
indicate that sensory system interaction is
an early and integral part of sensory
processing

*So, not just something that happens after

the sistem has comileted its analisis.

Where Does the Percer
xR

*Most auditory neurons respond to changes in
frequency rather than pitch
*One small area just anterior to primary auditory
cortex has neurons that respond to pitch rather
than frequency
» This may be where frequencies of sound are
converted to perception of pitch

\ il

Effects of [

* Lesions of auditory cortex in rats resu
hearing deficits, suggesting the subcorti
more complicated than once thought.

* Lesions in monkeys and humans hinder sound localization
and pitch discrimination

Deafness in humans

- Total deafnessiis rare, due to diffuse mi
existing and continue to carry flow of inft

» Two kinds: conductive deafness (dama
nerve deafness (damage to cochlea)

« Partial cochlear damage results in loss
frequencies

Wood1.
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Cutaneous = relating to or
affecting the skin...

1. Free nerve endings: Sensitive

2. Pacinian corpuscles: Adapt

3. Merkel’s disks: adapt slowly to

4. Ruffini endings: adapt slowly

1. Dorsal-column medial-

.

1
Somatosensory system is three separate and
interacting systems:
* Exteroceptive — senses external stimuli
* Proprioceptive — monitors info on body position

« Interoceptive — provides info on body conditions (e.g.,
temperature and blood pressure)

Morkefs

Froo Pacinian
disks  norva ending corpuscles

to temperature and pain

rapidly, large and deep; onion-
like & respond to displacement
of skin

gradual skin indentation

to gradual skin stretch

Two Major So

LOS

lemniscus system & rif

. . . . [ =

Carries info on touch & proprioception rersernn | £ 00 T
Sensory neurons enter spinal cord via g ‘
dorsal root & ascend ipsilaterally in dorsal ¢ ‘I’

columns and synapse in dorsal column L
nuclei of the medulla.

Axons of dorsal column nuclei neurons 1L > | e
cross over to other side of brain & ascend in i

to medial lemniscus to contralateral ventral ... ')"" " > A
posterior nucleus of the thalamus. s

Ventral posterior nuclei also receive input
via 3 branches of the trigeminal nerve which
carries somatosensory information from the
contralateral areas of the face.

« Most neurons of ventral posterior nucleus \ y
project to primary somatosensory cortex, o - Donatreat
others project to secondary somatosensory i e
. Sesory neon
cortex. \ » rom e shin

Wood1.
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2. Anterolateral system
*  Most dorsal root neurons synapse as soon

Forsmaan | (- B oo

as they enter the spinal cord. -
«  Axons of most second order neurons cross ) af
over to other side but then ascend to the : 3 Tecam

brain in the contralateral anterolateral
portion of the spinal cord, however some
also ascend ipsilaterally.

+  The anterolateral system comprises 3
tracts: 1. Spinothalamic tract (projects to

Fencuse
e

ventral posterior nucleus of thalamus); 2. i
Spinoreticular tract (projects to reticular u -
formation) 3. Spinotectal tract (projects to o
the tectum). =

«  If both paths are damaged by spinal injury | =
then the person will not be able to feel any v )

body sensations below the level of the cut. =

Cortical Areas of So

Primary somatosensory cortex (SI):
* Includes the Postcentral gyrus

* Has Somatotopic organization (somatosensory
homunculus) — more sensitive, more cortex

* Input largely contralateral

Secondary somatosensory cortex mainly receives
input from the primary somatosensory cortex

- Somatotopic; input from both sides of the body

Much of the output from Sl and SlI goes to association
_cortex in posterior parietal lobe

Somatosensory

SRS

* Somatosensory signals are ¢
highest level of the sensory

— to areas of association cortex in
posterior parietal cortex.

» The posterior parietal cortex
neurons

* Neurons that respond to acti
sensory systems

Wood1.
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Somatosensory Agnos 1“

1. Astereognosia — inability to recognize
objects by touch

* pure cases are rare — other sensory deficits
are usually present

2. Asomatognosia — the failure to
recognize parts of one’s own body
— Usually associated with damage to right
posterior parietal lobe which affects left side
of the body.

Perception of Pain

* Despite its unpleasantness, pai
*No obvious cortical represents

* Painful stimuli can elicit pain in p
somatosensory cortex but remo!
associated with changes in thres

* (although anterior cingulate gyr
the emotional component of pai

The activity of axons
that dascend from the PAG
‘excites raphé neurons whose
ax0ns descend In the dorsal
‘columns of the spinal cord.

G e sectonergc achuy of
descending dorsal column 4

ing
exciles inhbitory spinal
ihat block

Wood1.
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Neuropathic Pain

*Severe chro
absence of a
stimulus

«Exact mecha
likely from p
system linke

glial cell sig
pain pathwa

Selective Attenti

Has 2 characteristics:
«Improves perception of what is
attended to with that which is not

Internal cognitive processes
(endogenous attention) and
external events (exogenous
attention) focus attention.

*There is a consensus that the
prefrontal cortex and the
posterior parietal cortex play a
major role in directing top-down
attention

Neural Mechanisn

Cocktail-party
phenomenon:
Indicates that there
is processing of
information not
attended to.

fields (Wommelsdorf et al. 2006)

+Selective attention is thought to work by
strengthening neural responses to attended-to
aspects and weakening responses to others
* E.g., spatial attention can shift the location of receptive

* Recording from neurons in a monkeys secondary
visual cortex in the dorsal stream revealed receptive
fields of many neurons shifted toward points in the
visual field to which the monkey was attending.

* This shows a degree of neural plasticity in the
attentional system.

Y

Wood1.
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Multiple Resou o “

« There are independent processing mechanisms
in the form of multiple resources.

« 3D structure of processing with four stages

* Helps explain why similarity of task is critical.
— i.e., 2 tasks that are similar will compete for the same
resources and cause more interference.
ﬁ,‘e TAGES More interference when two
. tasks share same modality:
;. e.g., two auditory messages
**. harder to follow than one
auditory and one visual
(Treisman & Davies, 1973).

t ol
T —

Simultanagnosia — a difficulty attending to more
than one visual object at a time.

Typical cause: bilateral damage to dorsal stream
of posterior parietal cortex, which is responsible
for visually localizing objects in space.

Wood1.
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