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Finding the Correspondence of Caregiver’s Vowel Categories
Based on Unconscious Anchoring in Maternal Imitation
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It is a formidable issue how robots can show the behaviors corresponding to human’s ones
since the dissimilar body. As a simple case for such correspondence problem, this paper
presents a robot that acquires vowels through the interaction with its caregiver. We focus
on the roles of maternal imitation since it could instruct the correspondence of the sounds.
Furthermore, we suppose that it causes ”unconscious anchoring” in which the caregiver’s
imitated voice is performed unconsciously, closely to one of his/her own vowels, and helps to
leading robot’s utterances to be more vowel-like. We experimented under the assumptions
in which the robot knows the caregiver’s vowels and the rough estimate of mapping between
the caregiver’s utterance and the robot’s one. Through the experiments with a caregiver,
we show that a robot acquires more vowel-like utterances than one without such a caregiver
even when it is given different types of mapping functions.
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Fig.1 An interaction model between an imitative care-
giver and a vocal robot
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Fig.2 A sample distribution of human vowels in the for-
mant space
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Fig.3 Updating process of the prototype vector of a
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Fig.4 Four examples of the mapping functions from the
region of generable sounds by the caregiver to one by
the robot
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Table 1 The motor commands to form the lip shapes
to resemble human’s ones in vocalizing vowels

Motor output /a/ | Ji/ | Ju/ | Je/ | Jo/
vertical direction 1.0 | 0.0 ] 0.0 | 0.5 | 0.5
horizontal direction | 1.0 | 1.0 | 0.0 | 1.0 | 0.0
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Fig.6 The distribution of the robot utterances in the
formant space
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Fig.7 The probabilities of vowels to be selected as more
natural: the red, left-side bars indicates the probabili-
ties of ones acquired by the proposed imitative learning
while the blue, right-side bars indicates ones acquired
by the supervised learning with four types of rough es-
timation of the mapping

O00p=16x10"200000000p =4.7 x 107200
000000p=22x10"20000000000000
0000000O0000000p=28x10"'00000
00000000000000000O0p=1.1x10"20
0000000000000000000000000
00000000000 000D0000D0000O00n
oooo

5 buooooob

000000000000000000000ooQ
0000000000000 00000O0OO0ooooon
000000000000 00000OO0OOoOoooon
0000000000000000000000000
000000000000 00000000ooooon
000000000000 0OO000O0OoOOOoOoooon
O000000000000000000000000
ooooooo
000000000000000000000ooo
0000000000000 00000O0OoOooooon
00000000000 000O00OoOoOoOoOooooo
00000000000000000000 40000
0000000000000 000O0OO0OOoOoooon
00000000000 O000O00O0OoOoOoooooon
00000000000 00000000000000
0000000000000 00000O0O0Oooooon
0000000000000 O00OO0O00O0Ooooooon
0000000000000 000000000000
000000000000 0000O0OoOoOoooon
0000000000000000000000ooon
0000000000 000000O0O0OO0OoOooooon
000000000000 0O0O00O0OOOoOoOoooo
00000000000000000000000000
0O00000OoooooooooeYgooooooo
000000000000 0O0O00O0OOoOoOoOoooo
0000000000000 0000000000o00n
000000000000 000000000oooQ
00000000000 000O00O0OoOOoooooon
OoOooooooooooo

00000000000 00000OoOooOoOoooo
0000000000000000000000000
0000000000 000000O0O0ooOoOooooon
0000000000000 O0O0O0O0OO0OO0O0Oooooon
000000000000 00000000000000
000 2Po0o00000000oNooooooooo

gbobooooobooboboboboooooooog
oboooooooobobobobobooooooo
oboboooooooboobobobobooooonoo
gboooboobooooono

gogd

[1] B. de Boer. Self-organization in vowel systems.
Journal of Phonetics, Vol. 28, pp. 441-465, 2000.

[2] P.-Y. Oudeyer. Phonemic coding might result from
sensory-motor coupling dynamics. In Proceedings
of the Tth international conference on simulation
of adaptive behavior (SAB02), pp. 406-416, 2002.

[3] Kotaro Fukui, Kazufumi Nishikawa, Shunsuke
Ikeo, Eiji Shintaku, Kentaro Takada, Hideaki
Takanobu, Masaaki Honda, and Atsuo Takanishi.
Development of a talking robot with vocal cords
and lips having human-like biological structurest.
IEEE/RSJ International Conference on Intelligent
Robots and Systems, pp. 2526-2531, Augst 2005.

[4] T. Higashimoto and H. Sawada. Speech production
by a mechanical model construction of a vocal tract
and its control by neural network. In Proc. of the
2002 IEEE Intl. Conf. on Robotics € Automation,
pp. 3858-3863, 2002.

[5] Yuichiro Yoshikawa, Minoru Asada, Koh Hosoda,
and Junpei Koga. A constructivist approach to in-
fants’ vowel acquisition through mother-infant in-

teraction. Connection Science, Vol. 15, No. 4, pp.
245-258, Dec 2003.

[6] M. Peldez-Nogueras, J. L. Gewirtz, and M. M.
Markham. Infant vocalizations are confitioned both
by maternal imitation and motherese speech. Infant
behavior and development, Vol. 19, p. 670, 1996.

[7] N. Masataka and K. Bloom. Accoustic properties
that determine adult’s preference for 3-month-old
infant vocalization. Infant Behavior and Develop-
ment, Vol. 17, pp. 461-464, 1994.

[8] Katsushi Miura, Minoru Asada, Koh Hosoda, and
Yuichiro Yoshikawa. Vowel acquisition based on
visual and auditory mutual imitation in mother-
infant interaction. In The 5th International Con-
ference on Development and Learning (ICDL’06),
2006.

[9] R. K. Potter and J. C. Steinberg. Toward the speci-
fication of speech. Journal of the Acoustical Society
of America, Vol. 22, pp. 807-820, 1950.

[10] Anthony J. DeCasper and Melanie J. Spence. Pre-
natal maternal speech influences newborns’ percep-
tion of speech sounds. Infant Behavior and Devel-
opment, Vol. 9, pp. 133-150, 1986.

[11] Patricia K. Kuhl. Speech perception in early in-
fancy: Perceptual constancy for spectrally dissimi-
lar vowel categories. Journal of the Acoustical So-
ciety of America, Vol. 66, pp. 1668-1679, 1979.

[12] Harry McGurk and Jrohn MacDonald. Hearing lips
and seeing voices. Nature, Vol. 72, pp. 746-748,
1976.



