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Introduction

A Perception is an integral part of each production model, because
speech acquisition (needed for acquiring knowledge for the production
model) needs

I self-perception (for babbling and imitation training) as well as

I perception of external speakers (perception of communication
partners: care taker, mother; for imitation training)

A Is the production model capable of showing typical effects of speech
perception, i.e. Categorical Perception, McGurk-Ef f e c?t , &
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Categorical Perception

A Whether perception is continuous or categorical can be measured by
performing identification and discrimination experiments.

A Basis:
I an acoustically aquidistant stimulus continuum
I a pool of around 20 listeners for performing the experiments

A In our case: situation is more complex; question is: are consonants
(place of articulation in CV) perceived more categorical than vowels?
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Categorical Perception
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Question:

Can we explain this typical effect of stronger categorical perception
for consonants than for vowels using the (dorsal) perception
pathway as described above in our neurocomputational model?

To answer this question

A we have to clarify in detail, how to measure identification and
discrimination in the model?

A we have to train 20 different instances o f t he nmotdhle | a ¢
listenerso



Measuring ldentification and Discrimination
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Measuring Identification and Discrimination

—— —— — —— }——— f—— f— — | - e | — e ——
[ — —_— — — [ —
L —— L —— l—— -— | —— | ——— — — L = B
e e e e TR il
|—— — —— — S N [ | - I
am B B A wm —— — — e—
|—— l——— - ——— | —— . ——— - ——— — p— — —
e TR e I e Ll Ll Ll
— —— —— — - - — |
B [—— — | [ | — S | ——
L —— | — . —— — | |— L L L—— L —
R R e L Ll Ll il Ll
— — — —— e — — = = =~ —
I e I . —— . —— | —— l———— R — e
el el el el TR el P ledaded Joded 11
= [——— —— — — — 1 | [ = — —
—— l—— . —— l—— | —— —— I - e
el el el el TR e Jodedel Ledadad ledaded Joded 11
— — — — —
L —— l— | —— —— pr— ——— —— o ——— — — L
P P i i L Jodadad ledaded lededad ledadad T e d
B "B "B [ - — | N i | L —— —— — ——— ———
Tl I - = o o  —— b ——— b b L L | ——— . —— |——
P i L fodedad Jadadad ledaded ledadad ledadad leded e d e d e e e o o
[———— E— [———— [— S—— i B .y I - p—— — | — | —— | ——
— l— l-— | ) —— . ——— — | —_— o e . — L . —— L—
P P i L fadedad Jadadad lededed Ledadad ledadad loded I e e e e e
— — — —— — — — - | — T— | —
—— —— = o— — o e ——— b ——— P [ L . — —— | ——
P P L Sodedel fodedad Jadadad ledaded ledadad ledadad ledad I - e e o o
— e — — S N e ——— e — e I I
— — —— —— —— — —— S— S S e j— — | —— |——
| — | — | — ) — ) —— | —— | —— o JR—— R [ L L . —— |, ——
R T dododod Jodedod fodedol Jododol tododod Jodedod lodedod lodod L L Ll il il
i —— I . — e e T F— T — TN— T—
— — — —— — ——— E— — — A— I— f— J— — —
| — . — L — ) — ) —— | —— | —— P P P e L . ——— . | ——
R T Jodedal Jodedal Jodedal Jodadal Jodadol Jededad Jodedal lodad 11 b bl bl e b
— — f——— ——— —— ——— ———— - ——— - — o —— — —
l——— l-—— f— ) — ) — ) — ) —— P I - L L L — I
R R L1 Jededel Jodedal Jodadal Jodadol Jededeod Jodedal Joded L Ll Ll bl il bl
— - N L - e | — | — | — | —
— F—— | —— p— —— ———— — et ——— l——— — | —
" b | ) — ) ) — I [I— L L _— L
R R TR Jedodel Jedodol Jedodol Jedod 11 Ll Ll Ll Ll
—— — b | — . = = B - B - | - — | —
— I | — ——— — — — [ — p—— —
l-——— l— l— | — ) —— o R JR—— PR L — L L
el el el 111 fodedad Jodaded eded Sed Jedad leded leded Jeded e e e d
h—— f— — S = - = T —_— — — [
— — SR [ — ———— ——— —— —— — — _ — — —
. P v - | }— | ——— e  ——— o e J [ L L
P il i L1 fadedad Jadadad lededed el ledadad Ledad ledad Joded L1 e e

Identification: neuron
with highest degree of
activation for a stimulus

Discrimination: city-
block-distance of
neurons activated for
stimuli A and B

Assumption:
Discrimination is better
the higher the distance
of both stimuli on the
level of the phonetic map



Training of Different Instances of the Model.

Starting with a different link weight initialization of SOM

Applying different training items (different items from a pool of V-
or CV-representations)

Applying a different ordering / randomization of training items
Leads to: different SOMs /i d i f f e r e/ differeft listenenrs s o

Some examples:



V-SOM (Brain 1 from 20)
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V-SOM (Brain 2 from 20)
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V-SOM (Brain 4 from 20)
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CV-SOM (Brain 2 from 20)
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VC-SOM (Brain 3 from 20)
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VC-SOM (Brain 4 from 20)
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ldentification Scores for CV: 20 brains

... slightly different identification scores per instance as occur naturally

Brain 01 to 20: form light to dark color



|dentification and Discrimination Scores:
Consonant Perception

Typical catego-
rical perception: 4g9p 9 @
lower discrimi-
nation scores
within phoneme
regions in com-
parison to pho-
neme boundaries

identification

identific/discrimination

discrimination
(measured)

L 0% &
discrimination _ _
(calculated) stimulus continuum

20 listeners



Calculated Discrimination

Discrimination calculated on the basis of measured identification
(Liberman et al. 1957)

3
Pise = 0.5 +0.5 Z(Pfd(ff: i) = pib,i))

=1

Pgiscr = Calculated discrimination of two stimuli a and b, which are
identified as i =1, 2, 3 (/b/, /d/, /g/) with probabalilty p,,.

That is: discrimination which is based exclusively on linguistic information,
I.e. on differences in identification: p,y(a)-p,4(b)

Calculated discrimination is comparable to measured discrimination for CV, but:



|dentification and Discrimination Scores:

Much higher percentage
of measured than calcu-
lated discrimination in
comparison to conso-
nants

Interpretation: this diffe-
rence represents a huge
non-linguistic (non-cate-
gorical) component in
vocalic sound percep-
tion

identification

discrimination
(measured)

discrimination
(calculated)

Vowel Perception

And very important:;
Measured discrimination
indicates: no phoneme
boundaries in the case of
vowels

20 listeners



