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Taps/flaps

Low 
tap [ɾ↕]

Upflap 
[ɾ↖]

High tap
[ɾ↔]

Input: /VTVTV/ (e.g. ‘edit a’)

Bunched [ɹ] Retroflex [ɻ]

2. Gait change in tap/flap sequences [1,2]

North American English (NAE) - gait change

[VLɾ↕VLɾ↕VL] [VLɾ↖VHɾ↘VL]
Faster speech rate

New Zealand English (NZE) - no gait change

[VLɾ↕VLɾ↕VL] [VLɾ↕VLɾ↕VL]
Faster speech rate

3. Why doesn’t NZE show gait change? [2]

NAE has rhotic vowels
● Speakers build a repertoire of 

diverse strategies (chunks)
● Speakers draw from this 

repertoire in new contexts

NZE does not
● Speakers learn fewer 

strategies (chunks)
● Speakers’ repertoire of 

strategies is limited

Integrating the concept of chunking into a model that 
learns to produce tap/flap sequences qualitatively 

replicates the differences between NAE and NZE speakers

Basic model
Implemented in maximum entropy optimality theory [9]
● Uses weighted constraints to generate probability 

distributions over candidates
/V/ → [VL, VH]
/R/ → [ɹ, ɻ]
/T/ → [ɾ↕, ɾ↖, ɾ↘, ɾ↔]

Markedness constraints: 
● all unigram (e.g. *ɾ↔) and bigram (e.g. *ɾ↖VL) constraints
● Weights fit to frequencies from ultrasound study [8]

Constraints for chunking - weights set by hand
● UsᴇLɪsᴛᴇᴅ: Violation is sum of costs of all chunks in form

○ Chunk cost decreases as its usage frequency increases
● Sʜᴀʀᴇ: One violation per chunk
NAE input: {VTV, VTVTV, VTVTVTV, VTR, VTVTR, RTV, …} 
NZE input: {VTV, VTVTV, VTVTVTV}

Outputs: Chunked candidates (“|” = chunk boundary)
[VLɾ↕VLɾ↕VL], [VLɾ↕|VLɾ↕VL], [VL|ɾ↕|VL|ɾ↕|VL], [VLɾ↖VHɾ↘VL], …

Starting chunk inventory: {VL, VH, ɹ, ɻ, ɾ↕, ɾ↖, ɾ↘, ɾ↔}

Part 1: Chunk learning

Part 2: Productions under different speech rates

Rates: [1, 1.25, 1.5, …, 9.5, 9.75, 10]

/VTV/

[VLɾ↕VL] 0.95
[VL|ɾ↕VL] 0.03
[VL|ɾ↕|VL] 0.01

… …

Sample input Compute probabilities 
using grammar

[VLɾ↕VL]

Sample output

VLɾ↕VL += 1,
VLɾ↕  += 1
ɾ↕VL += 1
…

Update chunk inventory,
Including sub-chunks

x10,000

/VTVTV/

[VLɾ↕VLɾ↕VL] 0.75
[VLɾ↕|VLɾ↕VL] 0.004
[VLɾ↖VHɾ↘VL] 0.20

… …

Compute probabilities 
using grammar and 

chunk inventory 

Scale bigram constraint 
weights up as speech rate 

increases (cf. [10])

NAE speakers undergo gait shift because they can 
repurpose existing chunks in new contexts
● Chunks learned in rhotic contexts can be 

deployed in non-rhotic contexts

NZE speaks have a more limited chunk repertoire 
● Not as flexible in their production strategies

Considering phonology from an embodied perspective 
provides substantive insights into phonological patterns
● Speech production is not optimal, but includes the 

reuse of frequently produced movements
● May provide substantive account of some frequency 

and paradigm uniformity effects

NAE simulations

NZE simulations
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Gait shift

6. Discussion

Rhotic vowels induce variability in adjacent taps 
based on mechanical ease [8]

‘Berta’: [ɻɾ↘] ‘Otter’: [ɾ↖ɻ] ‘Murder’: [ɻɾ↔ɻ], [ɹɾ↖ɻ], …

 VL ɾ↖ ɻ ɾ↘ VL 
Saturday

 VL ɾ↖ VH ɾ↘ VL 
edit a

 VL ɾ↕ VL ɾ↕ VL 
Saturday

chunk
reuse
in new 
context

Downflap 
[ɾ↘]

Chunking: more efficient to reuse highly-practiced  
movement patterns than to compute new ones [3,4, 5, 6, 7]


