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1. Introduction

Speech production is probably the most complex motor task
which needs a coordinated operation of several tens of muscles.
How our brain learns to do such a complex task? This is really a
difficult question to answer. Once trying to seek answer for this
question, some other critical questions may arise. I will discuss
some of these questions briefly and then will state a proposal
for my thesis.

2. Nature of Speech Goals

What is the nature of motor goals during the speech produc-
tion? Is it reaching some articulatory gestures? Is it acoustic or
auditory goals?

It has been a debate about the nature of speech goals. Fu-
jimura [1] specified the goals as articulatory movement while
other researchers like Fowler [2] proposed vocal tract shape as
the speech goal or Stevens [3] who considered spectral charac-
teristic as speech goals. There are several evidences which sup-
port or discard some aspects of these hypothesis. A bite-block
experiment (for e.g. see [4]) is an evidence which discards the
absolute position of articulators as targets. Lip-tube experiment
[5] is another interesting study which supports auditory goals
and using of orosensory feedback. Another study which sup-
ports auditory goals is auditory feedback perturbation experi-
ment by Purcell et al. [6]. This experiment shows that when the
auditory feedback is artificially modified, subjects change their
articulatory configuration to reach the same formants. Honda et
al. [7] conducted an experiment where they showed the role of
tactile feedback in speech production by using a time-varying
inflated palate. Another study by Tremblay et al. [8] was done
which supports the articulation goals. In this study a complex
mechanical load alters the subject’s jaw while the acoustic out-
put does not change perceivably. For further discussion to re-
fer the reader to [9] where the author concludes: ”Speech goals
have both articulatory/motor and acoustic/auditory components,
but that there is a hierarchy between these two components.”

3. Control Variables

How motor cortex and central nerve system control fibres and
muscles? Is that possible or even necessary to control a single
fibre or the cortex always activate the fibres in a group?

Of course controlling a single fibre creates more flexibility
but it also adds lots of redundancy. This question can be an-
swered from two different perspectives : physiology and motor
redundancy.

4. Redundancy
Even if we assume, just for simplicity, that the cortex always
activate the fibres in a group, and if we agree on the goals of
speech task, still there are lots of redundancy in the system.
How the brain deals with this redundancy?

The motor task redundancy is not excluded for speech pro-
duction and almost every motor task has such a redundancy.
However we can see more redundancy in speech production
task. Lindblom [10] suggested that the speech gestures are se-
lected based on motor ”economy” which means that redundancy
is removed by minimizing the energy. However Harris et al.
[11] proposed another hypothesis based on hand movement ex-
periment. According to this study our brain find a solution to
minimize the variability of the movement instead of energy.

5. Thesis Proposal
Using of a model can help scientists to test hypothesis, and
to propose new hypothesis by raising new questions. During
the past years, some models were developed to study speech
production. In order to study motor control, a biomechanical
model of speech articulator is needed. Buchaillard et al. [12]
developed a 3D tongue model to study speech motor control;
and recently another model was developed by Anderson et al.
[13]. One of the advantages of the model-based study over
subject-based study is that in a model-based study we can do
experiments which are difficult or even impossible to do with
subjects.

In this thesis, an existing model developed in ArtiSynth [14]
will be used to investigate some aspects of speech motor con-
trol especially the redundancy problem and two dominant hy-
pothesis about the redundancy reduction, as it was already dis-
cussed, will be investigated. The mentioned model has only
11 muscles for the tongue. In order to keep the study possi-
ble, regarding computational time, the study will focus only on
tongue muscles and one control variable for jaw position. At
first step, a parameter space including 11 muscles of the tongue
and jaw position will be discretized and a parameter study will
be conducted. Then the results will be analyzed by considering
energy requirements and movement variation for different solu-
tions which generate the same articulatory movements or sim-
ilar acoustic output. The result of this study may reveal some
aspects of redundancy reduction and may also be used to pro-
pose motor control strategy.

A continuous speech is usually considered as a production
of a sequence of speech units known as phoneme or syllable.
This hypothesis requires a coarticulation model to explain con-
tinuous speech (see for e.g. Kent [15]). According to the au-
thor’s knowledge this problem has not been investigated from
the neuromuscular perspective and it’s relation with the nature



of speech goals and redundancy problem. So, this is also a good
research question to pursue in this thesis.
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