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What is speech?

« Speech isthe most acoustically complex type of socund that we regularly
encounter inour environment. The complexity of the signal reflects the
complexity of the movements that speakers perform with their tongues,
lips, jaws, and other articulatorsin order to generate the sounds coming ‘

out of their vocal tract.
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What is speech perception?

e Speech perception is the process by which the socounds of language are
heard, interpreted, and understood. The study of speech perception is
closely linked to the fields of phonology and phonetics in linguisticsand

cognitive psychology and perception in psychology. ‘
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Wihat Part of thhe Brain
Controls Spececch ™

- Wour brain hasmany parcs b ur speach is primarciby comtroled by th e
largest part of the brain, thecercsbrum. The cersbrum can be
diwvided into two parts, called hemisph eres, which are joined by =
Eand of nerve fibers called thecorpus callosum .. Yo ur speaech is
Typically gowermed by the left side of your ceretorum. In about =
third of pecpiew hoare =sfi-handed, howewerr, spaesch may actualby

e controlled bw The right sicde.

I.obes of the Brain — Temporal I _.obe

e The Temporal I.obes are located on the sides of the
brain. deep to the Temporal Bones of the skull.

- Organization/Comprehension :
of language

- Information Retrieval
(Qviemory and Nemory Formation)

- They play an integral role
in the following functions:

- Hearing

7
Temporal lobe
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Temporal 1T .obe — Cortical Recions

= Primary Aunditory Cortex — Responsible for hearing

-« Primary Olfactory Cortex — Interprets the sense of
smell once it reaches the cortex wvia the olfactory
bultbyrs. {IMot wvisible on the superficial corte=x)

- Wernicke’s Area — T anguage comprehension.
TLocated on the e Temporal T.obe.

- WWernicke®s Aphasia — Language comprchension is
mhibited. "Words and sentences are not clearly understood.
and sentence formationn maw be mhibited or non-sensical.
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= Arcuate Fasciculus - A white matter tract that connects Broca’s Area and
Wemicke’s Area through the Temporal, Parietal and Frontal Lobes. Allows
for coordinated. comprehensible speech. Damage may result in:

lobe

Early Cortical Stages of
Speech Perception
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The structure of this chapter

= 1 Lateralization

The role of hemispheric asymmetry

- 2 Motorization

The role of auditory motor interactions

= 3. Oscillation

m The role of neural oscillations

"-E.EE Lt : =

= A large body of research on speech perception works with
specific contrasts acrossindividual speech sounds (i.e. sub-

lexical) pre- lexical units of speech).

= Participants are typically presented with single vowels or
single syllables and are asked to execute some particular
task(e.g., discrimination or identification).

= Discrimination?

;:‘—;* = = = ldentification?
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Lexical access models

- Cohort mod el

- Trace model
- Short-list model
- Ml etrical segmentation strategy model
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How do we process speech?

- Top- down

- Bottom—- up
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Speech perception theories

Theories of speech perception fall into one of three broad

classes:

- otor Theories: Perception involwves processes related to
the production of speech. Examples include PMotor Theory
and Analysis-by-Synthesi=s.

- Direct Perception: Perception recowers the sound producing
- ocbjects directly. Examples include Fowler's Direct Realist
- Approach.
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- Stage theories: - Perception involwes a sequence of
transforms= from sound to object. Example=s include TRACE
and LAFS.

- MMotor Theory of Speech Perception
[Libermamn & Mattingly, 19&7])

- PAotor Theory has, as its core, the premi=ze that perception
involwes a reference to articulation . This wview is often
associated with the idea that speech is somehow “"special”™
and involves specialized, species specific mechanisms |

. “ perception.
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Motor theory

= This model was developed in 1967 by Liberman and
colleagues

= The basic principle of this model lies with the production of
speech sounds inthe speaker’'s vocal tract.

= The Motor Theory proposes that a listener specificalbhyr
perceives a speaker's phonetic gestures while they are
speaking.

- Speech is perceived in humans by means of a specialized

— . _-__q speech module.
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»  According to the motor theory of speech perception:

= WWe hawve a special system for processing speech.
= Perception and production are closely linked.

= DMotor commands in the brain that conirol
movements of the muscles used to speak help us
perceive speech.

= Humans are born with a module that connects
sounds with mental commands - we have an innate

E‘_f—;*' . - speech processing module.
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The Speech Chain(s)
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Speech perception VS Language comprehension
Speech comprehension

1o

Language comprehension

Sequence of processingsub- routines that cccur subsequent
to the initial perceptual analyses of some linguisticinput. In
particular, language comprehension can be sub served by
ear, eye, ortouch. That is to say, the linguisticsystem
underlying comprehension can be engaged by auditory
input (speech), visual input (text or sign), and tactile input

(Braille).
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& The processes that form the basis for language
comprehension proper therefore build on sensory-input
processes that appear to be, atleastin part, segregated and

independent.
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Different Experimental Approaches
to Speech Perception

= There areat leastfour experimental approaches that one
can group under the rubric speech perception.

= Critically, because the approaches differ substantia lby with
regard to (1) the structure of the input used, (2] the
perceptual subroutines under inwvestigation, and (3) the
hypothesized end point of the processes, it is important to

be sensitive to key differences.
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What can be studied?

= Sub- lexical properties of speech:

1. categorical perception in speech

2. The phonemic inventory of speakers) listeners of different
languages

3. Perceptual magnet effects

4. The changes associated with first- and second- language
learmning

. . .
;-_‘__—k._* S.Phonotactic constraints

-+ 6. The role of distinctive features
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The perceptual magnet effect v
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= EEG — hightemporal resclution of electroencephalography

=  FMRI= high- spatial resclution of functional magnetic
resonance imaging

= TMS—= the dissociation logic of neuropsychological deficit-
lesion studies, or the causal manipulationsinwvestigated with
transcranial magnetic stimulation

= PMEG= magnetoencephalography

= ECOG— electrocorticography
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Hemispheric Asymmetries

« Lateralization:
- localization of function or activity on one side of the body in

preference to the other.

= Lateralization of brain function is the wview that functions are
performed by distinct regions of the brain. ... Hemispheric
lateralization is the idea that each hemisphere is
responsible for different functions. Each of these functions

are localized to either the right or left side.
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Language Lateralization

- There is ewvidence of some specialization of function mainly
regarding differences in language ability. Beyond that,
howewer, the differences that hawve been found hawe been
minor. What we do know is that the left hemisphere
controls the right half of the body, and the right hemisphere
controls the left halfof the body.

ET
- -

- Adthough itis known that the lateralization of language
Ffunctions is in the left hemisphere in the majority of people.
this lateralization may be dependent on personal
hanmndedness.

- One of the most strikingexamples of functional
lateralization incortex isthatdamage to the left
hemisphere quite often produces a sewvere impairment to

language processing, while damage to the right hemisphere

does not.
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The Role of the VWMotor System

- The two primary modalities for speech are auditory input
for perception (listening) and motor output for production
[=peaking) Early work by neurclogists in the nineteenth
century proposed that these two processes were also
separate neuro anatomicalbly. The neural substrate for
productiocon was proposed to be inthe inferior frontal corte=x,

whereas perception was localized to the posterior STG and

STS.
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MNirror neurons

- rArror neurcns are one of the most important discowveries in
the lastdecade of neuroscience. These are a wvariety of
wisuo-spatial neurons which indicate fundamentally about
human social interaction_. Essentialby, mirror neurons
respond to actions thatwe obserwve in others.

- rATrror neuron, type of sensory-motor cell located in the
brain that is activated when an individual performs an

action or obh=serves another individual performing the same

= - - acticon. Thus, the neurons “mirror” others' actions.
L
ol == == S T e e e =
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6 supplementary motor area
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= These mirror neurons clearly playan important rolein
learning motor tasks involving hand eye coordination, and
possibly also acquisition of language skills, as well as being
required for social skills, but the exact processes involwed

are only just being discovered.
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Cortical Oscillations
in Speech Perception

- wWwhat are cortical oscillations?

- reural oscillations, or brainwawes, are rhythmic or
repetitive patterns of neural activity in the central nervous
mwstem. ... Oscillatory activity in groups of neuron=s generaliy
arises from feedback connections between the mneurons that

resultin the synchronization of their firing patterns.
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Brain wawves

- Drelta wawes [ 5 to 3 Hz) ...
- Theta wawes (3 to 8 Hz) Theta brainwawes occur most often

insleep but are alsodominantin deep meditation. ..
- alpha wawves (8 to L2 Hz) ...
- Beta wawes (12 to 38 Hz) ...

- Gamma wawves (38 to 42 Hz)
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Unifying concept: neural oscillations -

Messurerments of £EEG, MEG, ECoG, LFP
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- In the case of speech, there isastrikingcorrespondence
between the time scales of phonemic, syllabic, and phrasal
processing, on the one hand, and low gamma (30— S0 Hz),
theta (4— 8 Hz), and delta (=<3 Hz) oscillationsin auditory
cortex, on the other.

& This correspondence has led to the hypothesis that cortical
oscillations play an active role in “sampling”™ (or “parsing™ or
“segmenting” or “chunking”) the continuous speech signal
into meaningful linguistic units (Ghitza, 2011; Ghitza,
Giraud, & Poeppel, 2012; Giraud & Poeppel, 2012).
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e Ghitza (2011),

Parallel phenomencological

model
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- To what extent does theta- phase tracking reflect speech
intelligibility?
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> What is the appeal of bringing neuronal oscillations to the

domain of speech perception?
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Factors affecting speech
perception

1. Ganong effect

An effect in which listeners perceive the same ambiguous
sound differently depending on which word it |l emmbedded
within; for example, a sound that is ambigucus between JStf
and /d/ will be perceived as /tf when it appears in the context
of _ ask but as fdf inthe context of __ _ash.

2. phoneme restoration effect
An effect in which a non-speech sound that shares certain
acoustic properties with a speech sound is heard as both a non-
— . * speech and speech sound, when embedded within aword that

T - = leads to astrong expectation for that particular speech sound.
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= MoGurk effect

=  An illusion inwhich the mismatch between auditory
information and visual information pertainingto a sound’s
articulation results in alered perception of that sound; for
example, when people hear an audio recording of a person
uttering the syllable ba while viewing a video of the speaker
uttering ga, they often perceive the syllable as da.
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