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1. Introduction 

2. Methods

3.1. Results: Adaptation

4. Discussion & Conclusions

Speakers adapt to consistently perturbed auditory 
feedback by altering their articulation in the direction 
opposite to the perturbation, a phenomenon we refer 
to as auditory-motor adaptation (e.g., [1-3]).
This indicates that speech motor planning involves 
targets in the auditory domain.
However, until recently ([4-5]), researchers have only 
examined adaptation in quasi-steady-state vowels, 
which fails to reflect the prevalance of time-varying 
articulatory gestured in real-life speech. As such, our 
knowledge of the role of auditory feedback in 
dynamic articulatory movements is still lacking. 
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Aims
Study the role of auditory feedback in the planning 
and control of F1 and F2 trajectories. 
We focus on the Mandarin triphthong [iau], which 
involves extensive movements of both F1 and F2. 
Examine the patterns of generalizations from the 
triphthong /iau/ to other time-varying and static 
vowels in Mandarin. 

Twenty healthy native speakers of Mandarin were 
randomly assigned to two groups (10 each): 
an Up group and a Down group. 
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To measure generalization, “test 
vowels” were interleaved with the 
“training vowel” [iau]. 

Target vowel duration: 
[302, 398] ms

Target vowel level: 
[74, 82] dBA SPL
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A. F2Mid
Group×Phase Interaction: 
F(4,72)=10.6, p< 2×10-5

B. F2Begin
F(4,72)=1.09, p>0.3

C. F2End
F(4,72)=1.20, p>0.2

D. F1Max
F(4,72)=4.16, p<0.02

E. FRatio
F(4,72)=6.29, p<0.0005

F. F1LB
F(4,72)=115.1, p<2×10-6As observed previously ([4,5]), 

speakers show adaptations to 
auditory perturbations during the 
production of dynamic vowels. 
The subjects adapted to the 
time-varying F2 perturbation by 
altering the shape of the F2 
trajectory. These changes were 
statistically significant. 
In addition, after-effects of the 
adaptation were significant after 
the cessation of the perturbation. 

Interestingly, the F2 perturbation led to not only a change in the F2 
production, but also a change in the F1 trajectory.
The directions of these F1 changes appear to assist the F2 adaptations 
to preserve the original F1-F2 correspondence. This indicates a 
coordinative structure between these two formant trajectories. 

These findings confirms previous 
results ([4,5]) that auditory feedback 
plays a role in the planning of dynamic 
articulatory trajectories.
The control of F1 and F2 trajectories 
are not independent processes. The 
patterns of the subjects’ adaptation to 
the F2 perturbations reveals that the 
relation between the time-courses of 
F1 and F2 is a controlled parameter.

Both F1 and F2 Trajectories Show Adaptive Changes Definition of Formant Measurses

-0.5 0 0.5 1
0

0.2

0.4

0.6

0.8

1
iau

Normalized F1

N
or

m
al

iz
ed

 F
2

iau51uaia
ia
au
iou

iau (training)

Quantitative Analysis of the Trajectory Alterations
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3.2. Results: Generalization
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Generalization of the F2 
(F2Mid) adaptation was quite 
consistent across all test 
vowels. When all test vowels 
are pooled, the Group×Phase 
interaction was significant 
(F(2,68)=3.49, p<0.05).

However, due to the large 
inter-subject variability, none 
of the individual test vowels 
(except [iau] itself) reached 
significance under the current 
group sizes.

Generalization of the F1 
(F1Max) adaptation was 
inconsistent. This may be 
explicable by the hierarchical 
organization model (see 
Discussion). 

F2 transfers were consistent but 
statistically weak

F1 transfers were inconsistent

•

•

•

•

•

Acknowledgements
This work was supported by NIH grant DC0001925. 
S.C. was supported by graduate fellowships from MIT.

200 ms
F1

F2

Fr
eq

ue
nc

y 
(k

H
z)

0

0.5

1

1.5

2

2.5

Time

Original
ShiftedAuditory feedback of the trajectories of F2 

was perturbed in dynamic fashions as 
subjects uttered bisyllabic phrases containing 
the triphthong [iau]. Feedback latency: 14 ms.
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D. F1-F2 Trajectories of 
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There may be an hierarchical, 
asymmetric relation F1 and F2. 
F2 may serve as the “hmsdqm`k bknbj” 
for F1 during the production of 
dynamic vowels. 

The same triphthong /iau/: 
F1 perturbation leads to nmkx
F1 compensation ([4-5])
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A. Parallel control of parameters B. Hierarchical Organization

The triphthong results favor scheme B.
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