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Outline 

Å Part 1: The neurocomputational model: production and acquisition: 

structure of the model and gaining knowledge  

 

Å Part 2: The neurocomputational model: perception: auditory per-

ception (CP) and audio-visual perception: McGurk-Effect  

 

Å Part 3: The concept of speech actions and its relation to manual and 

facial actions in face-to-face communication 
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Introduction 

Å Perception is an integral part of each production model, because 

speech acquisition (needed for acquiring knowledge for the production 

model) needs  

ïself-perception (for babbling and imitation training) as well as  

ïperception of external speakers (perception of communication 

partners: care taker, mother; for imitation training) 

Å Is the production model capable of showing typical effects of speech 

perception, i.e. Categorical Perception, McGurk-Effect, é ? 
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Categorical Perception 

Å Whether perception is continuous or categorical can be measured by 

performing identification and discrimination experiments.  

Å Basis:  

ïan acoustically aquidistant stimulus continuum 

ïa pool of around 20 listeners for performing the experiments 

Å In our case: situation is more complex; question is: are consonants 

(place of articulation in CV) perceived more categorical than vowels?   



Å Two stimulus continua for V: from /i/ é to /a/ and for CV from /ba/ é to /ga/ 

Å Identification experiment: do you hear /i/, /e/, or /a/? é. /ba/, /da/, or /ga/? 

Å Discrimination experiment: you get ABX with A and B of constant distance 
(1-3, 2-4, 3-5, é); Question: X equals A or B?  

Å Typical results: stronger categorical perception for CV than for V (see 
phoneme boundaries from measured discrimination!) 

V = /i e a/  CV = /ba da ga/ 

identi-
fication 
 
discrimi
-nation 
 
calcu-
lated 
discrimi
-nation 

13 V- and 
CV-Stimuli  

[i] [e] [a] [ba] [da] [ga] 

Categorical Perception 

interpolation interpolation interpolation interpolation 



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  

Å we have to clarify in detail, how to measure identification and 

discrimination in the model?   

Å we have to train 20 different instances of the model as ñvirtual 

listenersò  



Measuring Identification and Discrimination 

/d/ 

/g/ 

/b/ 

Identification: neuron 

with highest degree of 

activation for a stimulus  

 

Incoming audi-

tory stimulus  

Best auditory match?  

Ą winner neuron 

Is the winner neuron 

linked to a phonemic 

state? 

Yes: /b/ 



Measuring Identification and Discrimination 

/d/ 

/g/ 

/b/ 

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 / ñdifferent brainsò / different listeners 

 

Some examples: 



V-SOM (Brain 1 from 20) 

brain 1 

/a/ /i/ /e/ 

/o/ /u/ 

Association of auditory 

and motor states: ok 

Phonetic ordering (high-

low; front-back): ok 



V-SOM (Brain 2 from 20) 

brain 2 

/a/ 

/e/ 

/i/ /u/ 

/o/ 

Association of auditory 

and motor states: ok 

Phonetic ordering (high-

low; front-back): ok 



V-SOM (Brain 4 from 20) 

brain 4 

/i/ 

/e/ 

/a/ 

/o/ 

/u/ 

é but the examples 

indicate: 

high-low front-back ï 

dimensions occur in 

different directions for 

different instances of the 

model (different brains) 

Ą Could be a problem 

for imaging experiments!   

Association of auditory 

and motor states: ok 

Phonetic ordering (high-

low; front-back): ok 



CV-SOM (Brain 2 from 20) 

brain 2 

/b/ 

/d/ 

/g/ 



VC-SOM (Brain 3 from 20) 

brain 3 

/b/ 

/d/ 

/g/ 



VC-SOM (Brain 4 from 20) 

brain 4 

/d/ 

/g/ 

/b/ 
In all cases:  

/b/-, /d/-, /g/-regions 

are compact or 

cohesive and not 

splitted in parts  

 

é but in different 

locations within the 

CV-map 



Identification Scores for CV: 20 brains   

Brain 01 to 20: form light to dark color  

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



Identification and Discrimination Scores: 

Consonant Perception 

20 listeners 

identification 

Typical catego-

rical perception: 

lower discrimi-

nation scores 

within phoneme 

regions in com-

parison to pho-

neme boundaries  

discrimination 

(measured) 

discrimination 

(calculated) 



Calculated Discrimination 

Discrimination calculated on the basis of measured identification 

(Liberman et al. 1957) 

pdiscr = calculated discrimination of two stimuli a and b, which are 

identified as i = 1, 2, 3  (/b/, /d/, /g/) with probabalilty pid.  

  

That is: discrimination which is based exclusively on linguistic information, 

i.e. on differences in identification: pid(a)-pid(b) 

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



Identification and Discrimination Scores: 

Vowel Perception 

20 listeners 

identification 

discrimination 

(measured) 

discrimination 

(calculated) 

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 

And very important:  

Measured discrimination 

indicates: no phoneme 

boundaries in the case of 

vowels 


