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Development of Speech Questions

Decreased sensitivity Can allophonic variation be learned through
statistical learning?
« Early work on the development of speech
perception suggested that infants initially Why does the development of allophone
discriminate a large number of speech sounds. discrimination show the pattern we observe?
« By 12 months, they only discriminate contrasts that

are used in their language (Werker & Tees, 1984). To answer these questions, we present a computational
model that uses the distributional statistics of acoustic

Statistical learning cues to learn speech sound categories (McMurray et al.,
in press).
« Statistical learning has been proposed as a
mechanism by which infants learn phonetically-
relevant distinctions.
* Infants are sensmve‘to_the stat!stlcal d‘IStI’I‘bU.tlon of Acoustic measurements
cues and can use this information to discriminate
speech sounds (Maye, Werker, & Gerken, 2002).
« Eleven speakers were recorded in a sound-attenuated
Allophonic variation room using a Kay CSL 4501 attached to a PC.
« Sound files were digitized at 44.1 kHz and saved for later
Cues to allophones also have statistical measurement using Praat (Boersma & Weenink, 2007).
distributions that infants could use to learn to * VOT, as well as F1, F2, and F3 at the beginning and end
discriminate between them, even though these of closure were measured.
contrasts are not phonemic in the language. A-DA A-GA
Do infants also discriminate sounds that ‘
correspond to allophones (e.g. word final vs. word
initial position)?
McMurray, Galle, & Kingston (2007) present data
showing that 8-month-old infants do not
discriminate stimuli corresponding to positional
differences, but 12-month-olds do.
Certain other phonemic distinctions, such as Time (5) Time (5)
fricatives (Eilers & Minifie, 1975), also show this AD-A AG-A
pattern of enhancement over development. coL e T : s
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« The statistical distributions of cue-values for specific cues
indicated mainly either a positional (i.e. allophonic)
distinction or a place (phonemic) distinction.

Same Position  Diff Position Same Position Diff Position
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Computational model

« Each category can
be represented by a
Gaussian distribution
(e.g. Lisker, 1964).
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The model is a mixture of
Gaussians (MOG), in which
each Gaussian is a potential m35
category defined by three 1002030 0 e 0
parameters (m s, f).
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Posterior Probability

The properties of the Gaussians for a particular acoustic
cue dimension can be learned from production data for
that cue.

Discrimination is measured by presenting the model with
two sets of cue-values and computing whether the
Gaussian with the highest posterior probability is the
same for both sets of cues.

Learning in the model

» The model received individual cue-values as input along
each dimension and updated its parameters on each trial.
« Data used to train the model was sampled from
distributions based on acoustic measurements of the
various cues used.

E.g. single Gaussian; receives new input

8

Parameters are adjusted to account for
the new input

®

Gaussian after learning

®

Simulation 1

« The model successfully learned to distinguish between-
category exemplars for both the positional (allophonic) and
place (phonemic) contrasts.
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Developmental trajectory

« The developmental trajectory seen in the first simulation does
not show the enhancement seen in the behavioral data for
the development of the allophonic distinction.

« Because the initial Gaussians all had small widths, there was
not a great deal of overlap between them, and the model was
able to initially discriminate both the between- and within-
category contrasts.

« By starting with overlapping Gaussians, we may see the
enhancement shown in the behavioral data.
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« An additional set of 100 models were trained on each of the
place and position cues, but with larger widths on the initial
categories.

Simulation 2

« As in the previous simulation, the model successfully
learned to discriminate the between-category exemplars.

* The developmental trajectory shows enhancement for both
the position and place contrasts.
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» The model starts with more Gaussians than it will need.

« During learning, it determines the number of categories in
the input and their properties.

Discussion

A) No training B) 2000 Generation:

» Both phonemic and allophonic distinctions can be learned via

j statistical learning.
« The sound signal contains acoustic cues that distinguish both

) 10,000 Generatiorj: D) 30,000 Generations

Posterior Probability

types of contrasts.

« Infants can use this information to learn both positional
variation and place of articulation.

« Statistical learning can also show the enhancement we see in

T et the infant data.

« However, we don't yet know why we see enhancement for
allophonic distinctions and not for similar phonemic contrasts.

« One possibility is that listeners rely on parsing mechanisms to
extract useful cues (Cole et al., 2007).

* e.g. Once place and 00
speaker gender are ;
parsed out of the F2 o :
offset distributions,
clusters corresponding to
position are evident. This
would require learning

Simulations

« Two sets of simulations were run to examine how the
model learned place and position.

» Models were trained on either F1 and F2 onset cues
(providing information about allophonic distinctions) or F2
and D3 offset cues (indicating phonemic distinctions).

« 100 models were run in each condition and those that
learned a single category were excluded from analysis. e tedlt

« Discrimination was tested for both between- and within- 22%;:% distribution of -
category contrasts. ' 000
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