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The Embodied Speech Proposal

Speech is a communicative movement system, 
both embodied and ecological

Linguistic systems are fundamentally shaped and constrained 
by the physical body and how it moves
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Gick, B. & Mayer, C. (in prep). How bodies talk: 
Speech as an embodied movement system.



The Embodied Speech Proposal
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Stetson, R. (1928). Motor Phonetics: A Study of Speech Movements in Action. North-Holland 
Pub. Co.

Joos, M. (1948). Acoustic phonetics. Language, 24(2), 5-136.

Bernstein, N. (1967). The co-ordination and regulation of movements. Oxford: Pergamon Press.

Öhman, S. (1967). Peripheral motor commands in labial articulation. Speech Transmission 
Laboratory Quarterly Progress Status Report, 8, 30-63.

Fowler, C.A., Rubin, P., Remez, R.E., and Turvey, M.T. (1980). Implications for Speech 
Production of a General Theory of Action. Language Production, 1, 373-420.



Big question and roadmap

How do we think about phonological patterns in the embodied 
terms provided to us by theories of movement?

1. Discuss modularization and “good enough” control in 
embodied movement systems

2. Introduce an embodied phonological model based on these 
principles that accounts for allomorphy and frequency effects
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Why does the body move?

We produce intentional movements to carry out ecological 
(real-world) tasks

We select movements that will “get the job done”:
• Achieve task goals
• Satisfy task constraints
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In speech, the most salient task is 
communication



What kind of movements do we produce?

In addition to satisfying task demands, we like movements to be:

• Efficient

• Robust

• Automatic

6Loeb 2012 Bernstein 1967



Modularization in movement

Modern theories of movement incorporate the idea of modularization 
(e.g., Bernstein 1967; Bizzi et al. 1991, Ting et al. 2015, Cheung and Seki 2021)

When we move, we don’t control individual muscles, but modules
• Whole physical and neural structures built to an ecological task
• Includes groups of muscles that control a functional degree of freedom
• Simplifies control problem by reducing dimensionality

Modules can vary in size and composition

Modules are built and maintained through practice
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How do we select modules?

The controller selects modules to satisfy task constraints
• Biologically motivated (Cisek 2007, Gallivan et al. 2016)

• Parallels in phonology! (Prince & Smolensky 1993/2004)

These constraints might include:
• General constraints imposed by the body on movement
• Language-specific restrictions on how movements are sequenced
• Communicative/task demands (e.g., Futrell and Hahn 2022)
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“Good enough” solutions (Loeb 2012)

Computational theories tend to generate one optimal solution
• Biology generates an overabundance of “good enough” solutions

Our “module repertoire” constrains our solutions
• Practiced movements are less costly to execute (e.g. Verwey et al. 2011)

• Better to use a “good enough” module than to do something novel
(Loeb 2012, de Rugy et al. 2012, d’Avella 2016, etc.) 

• Similar to the idea of Uniformity in speech
(e.g., Keating 2003, Faytak 2018, Chodroff & Wilson 2022, Derrick, Mayer & Gick 2024)
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Phonology as a movement system

Many ways to approach phonology from an embodied perspective!
• Our focus: selection between categorically distinct movements
• We won’t try to account for kinematics 

We’ll implement module selection with MaxEnt Optimality Theory
(Goldwater & Johnson 2003, Hayes & Wilson 2008, Mayer et al. 2024) 

• Consider multiple candidates to carry out a task
• Probability of selecting a candidate is proportional to how well it 

satisfies task constraints
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Ecological task

Output

e.g. Archangeli & Pulleyblank 2022

/pæt/+PROG

Constraint-
based 

module 
selection

Module repertoire

|pæt||pæʔ|

|pæt ̚ |

|æɾɪŋ| |p|
|ɪŋ| |ɾɪŋ|

…

|p|æɾɪŋ|



Case study 1: Variation in taps/flaps
Many dialects of English have taps/flaps [ɾ]

North American English speakers use multiple categorically 
distinct production strategies (Derrick and Gick 2011, 2014) 

• Rhotic vowels condition much of this variation

Prediction: English dialects without rhotic vowels should not 
exhibit the same amount of variability
• Speakers should have different tap/flap module repertoires!
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Where does this variability come from?

Rhotic vowels can be produced tip-up 
or tip-down (Delattre and Freeman 1968)

• Allows for flexibility in where tongue 
tip starts/ends in adjacent taps/flaps

• Speakers exploit this for efficiency

Related to idea of “motor abundance” 
(Latash 2012)

Key: The four tap/flap types are 
perceptually indistinguishable
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A biologically-motivated constraint model
(Mayer et al. 2024, in prep.)

MINIMIZEEFFORT - minimize tongue tip excursions

ENDSTATECOMFORT – less movement at end of sequences

*ɹ - avoid bunched rhotics

*ɾ  - avoid high taps

*V → VH – don’t realize vowels as retroflex 
(P-map constraint: Steriade 2001)
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Biomechanical 
constraints

Task constraint



Modeling production data (Mayer et al. 2024, in prep)

15r = 0.92

Model provides a formal 
characterization of the mechanisms 
underlying movement selection

Captures selection patterns from 
Derrick and Gick (2021)
• Phonology doing biology!



Speech rate 
conditions 
tap/flap 
variability 
(Derrick and Gick 2021)

16|VL|ɾ |VH|ɾ |VL|

|VL|ɾ |VL|ɾ |VL| 

/VTVTV/  
‘added a’

low tap low tap

Increasing
Speech

Rate

Gait change!



No gait change 
in NZE tap/flap 
production!
(Derrick, Mayer & Gick 2024)
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|VL|ɾ |VL|ɾ |VL| 
/VTVTV/  

‘added a’

low tap low tap

Increasing
Speech

Rate

No gait change!

|VL|ɾ |VL|ɾ |VL| 

low tap low tap



Why is New Zealand English different?

NAE and NZE constitute distinct ecological spaces
• Different modules develop in response!

NAE has rhotic vowels
• NAE speakers practice a variety of strategies for tap/flap production
• NAE speakers can draw on these practiced modules in new contexts

NZE does not have rhotic vowels
• NZE speakers mostly practice low taps – less benefit for other strategies
• NZE are constrained in new contexts by their smaller module repertoire
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A simulation study (Mayer et al. 2024, in prep)

Question: Can an embodied model capture these dynamics?

We use the five constraints with weights from study above, plus:

UNIFORMITY: prefer more frequently used modules
• Violations inversely proportional to frequency of use
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We assume segment-sized modules



Simulation Part 1: Module learning (NAE)
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VTV
VTVTV

VTVTVTV
VTR

VTVTR
RTV

…

Sample input

/VTRTV/
|VL| |ɾ | |ɹ| |ɾ | |VL| 0.05
|VL| |ɾ | |ɻ| |ɾ | |VL| 0.95

… …

|VL| |ɾ | |ɻ| |ɾ | |VL|
|VL| += 2
|ɾ | += 1
|ɻ|    += 1
|ɾ | += 1
…

Compute output 
probabilities 
using model

Sample output
Update module 
inventory countsx10,000



Simulation Part 1: Module learning (NZE)
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VTV
VTVTV

VTVTVTV

Sample input

/VTVTV/
|VL| |ɾ | |VL| |ɾ | |VL| 0.95
|VL| |ɾ | |VH| |ɾ | |VL| 0.05

… …

|VL| |ɾ | |VL| |ɾ | |VL|
|VL| += 3
|ɾ | += 2
…

Compute output 
probabilities 
using grammar

Sample output
Update module 
inventory countsx10,000

No rhotic vowels!



|VL| |ɾ | |VL| |ɾ | |VL| |VL| |ɾ | |VH| |ɾ | |VL|

Simulation Part 2: Varying speech rate

Biomechanical constraint weights increase with speech rate (Coetzee 2016)
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NAE model
/VTVTV/



|VL| |ɾ | |VL| |ɾ | |VL|

|VL| |ɾ | |VH| |ɾ | |VL|

Simulation Part 2: Varying speech rate

Biomechanical constraint weights increase with speech rate (Coetzee 2016)
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NZE model
/VTVTV/



Case Study 1: Summary

Ecological demands shape the kinds of modules that develop

Speakers choose “good enough” solutions from their repertoire of 
modules to satisfy task demands
• NAE speakers have a larger repertoire to select from
• NZE speakers are constrained by their smaller repertoire
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Case Study 2: Japanese VVN 

“Good enough” control and uniformity can also account for 
frequency effects at the level of the morpheme

Some dialects of Japanese have Voiced Velar Nasalization (VVN)

/g/ → [ŋ] / [+son]_[+son]

 [gama] ‘toad’ [kaŋami] ‘mirror’ 
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Voiced velar nasalization in compounds

/ga/ ‘fang’  
[dokuŋa]/*[dokuga] ‘poison fang’

/ga/ ‘moth’ 
[dokuŋa]/[dokuga] ‘poison moth’
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Frequency and VVN
Compounds where second noun 
(N2) occurs more often in isolation 
([g]) are less likely to do VVN 
(Breiss et al. 2026)

An account based on 
markedness/faithfulness can’t 
explain any of this variability!
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A modular account

VVN in compounds is another case where task demands are weakened
• Both [g]- and [ŋ]-initial N2 forms are (in principle) acceptable

Speakers select between [g]- and [ŋ]-initial modules (e.g. |ga| vs. |ŋa|)

Prediction: Uniformity predicts that morphemes produced more often 
with [g]-initial modules should resist VVN more in novel compounds
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Modeling novel compound production

Experiment 1 in Breiss et al. (2026)
• Eight speakers of Tōhoku Japanese producing 180 novel compounds

The model
*[+SON]G[+SON]: Don’t have a [g] between two sonorants (Ito & Mester 2003)

UNIFORMITY: Penalize selection of low-frequency modules
• Frequency approximated from a written corpus

29



Modeling production of novel compounds

This simple model captures some of 
the variation of speakers producing 
novel compounds

Caveats:
• Similar fit to the statistical model in 

Breiss et al. (2026)!
• Working with substantially 

impoverished frequency information 
due to Japanese orthography

30

r = 0.34



Case Study 2: Summary

Variability in VVN rates in novel compounds is predicted by 
uniformity in module selection
• Morphemes that are produced frequently in [g]-initial form are 

less likely to undergo VVN

Key insight: This requires that modules be associated with 
morphemes, not only structures like phones or syllables
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Discussion: How does the body do phonology?

We select modules that achieve ecological tasks while best 
satisfying task constraints
• Phonological patterns emerge from this tension

“Good enough” control can account for frequency-based variability 
at the level of the segment and at the level of the morpheme
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Embodied phonology more broadly

An embodied perspective on phonology helps
1. Explain how concepts in phonology map to brains/bodies

• Described in terms that connect phonology to other scientific fields

2. Offer independently motivated accounts of many phonological 
phenomena

3. Relate the phonologies of individual speakers to phonology at 
the community level. These may be different! 
(e.g. Osterhout 1997, Mielke et al. 2014, Derrick & Gick 2011, Polinsky 2025)
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Embodied approaches to communication

Speech/phonology is part of a larger field of communicative 
movement systems (that is still being defined)

Whatever your theoretical perspective on phonology, you are 
ultimately describing aspects of a coherent, embodied system of 
movement and communication

NB: the same principles apply to sign phonology (“sound” has no 
special status in a communicative movement system)
(e.g. Tkachman et al. 2021)
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Thank you!

Donald Derrick 
(U. Canterbury)

35
Canaan Breiss
(U. Chicago)

https://forms.gle/xQgshzK69TBw4mML7

If you are interested in receiving a draft 
copy of the book, follow this link!
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