Language rhythms in baby hand movements

Hearing babies born to deaf parents babble silently with thes oo

uttered by healthy habies at around 7

months of age are fascinating, and have
been interpreted as reflecting both the ori-
gins of language production in humans' and
the vestiges of the evolutionary origins of
language in our species’. Here we study the
hand movements of hearing babies born to
profoundly deaf parents and find that these
children produce a class of hand activity that
is distinct from other uses of their hands and
which contains the specific rhythmic pat-
terns of natural language ('silent’ babbling).
Our findings support the idea that babies
are sensitive to rhythmic language patterns
and that this sensitivity is key to launching
the process of language acquisition.

The biological basis of babbling has been
debated for decades. One possibility is that
babbling, as in modern accounts of the
origins of human language, is a purely non-
linguistic motor activity that results from
the opening and closing of the mouth and
jaw™®. Alternatively, babbling could be a
linguistic activity that reflects babies’ sensi-
tivity to specific patterns at the heart of
human language and their capacity to
use them’™ — nparticularly the rhythmic
patterns that bind syllables, the elementary
units of language, into baby babbles, and
then into words and sentences.

"é"'he vocal babbling sounds universally

50
40 4

304

20 4

I}
]
]
[
1}
!

10

~
St

Number of movement segments

0

0 10 20 30 40 50
Hand-movement frequency (Hz)
Figure 1 Hand-movement frequencies calculated for the rhythmic
tand activity of sign-exposed (full line} and speech-exposed
{dashed line} babies across all ages; for each group, 400
movement segments (200 per group) were randomly selected.
Only sign-exposed babies had a bimoedal distribution of movement
frequencies: the first mode (left peak) falls at around 1 Hz {range.
0.5-1.5 Hz) and the second mode (right peak} falis at around
2.5 Hz (range, 2.0~3.0 Hz). In contrast, hand-mavement frequen-
cies of speech-exposed babies were unimodal, falling at around
3.0 Hz (range, 2.5-3.5 Hz). Comparison of the two groups further
revealed that the pattern of movement frequencies produced by
sign-exposed babies was significantly different from that of
speech-exposed babies at the same age (20, n=200;
X' =38965, P<0.001); x* was calculated at 21 quarter-

wtervals and is shown here at half-intervals for clarity.
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To test the motor and linguistic hypoth-
eses, we studied three hearing babies who
received no systematic exposure to spoken
language and who instead saw only signed
language from their profoundly deaf parents,
and three hearing babies who were exposed
to spoken language. We previously com-
pared the capacity of hearing and deaf babies
to babble in another study, in which group
differences may have resulted from the
babies’ different sensory experiences'®.

The two hearing baby groups were equal
in all developmental respects, with the only
difference being in the form of language
input they received (by hand or mouth).
Because hearing babies exposed to sign
language do not use their mouth and jaw to
learn speech, the motor hypothesis predicts
that their hand activity should be fundamen-
tally similar to that of hearing babies acquir-
ing spoken language. If, however, babies are
born with sensitivity to specific rhythmic
patterns that are universal to all languages,
even signed ones, then the linguistic hypoth-
esis predicts that differences in the form of
language input should yield differences in
the hand activities of the two groups.

We recorded all babies’ hand activity in
three dimensions using Optotrak, an opto-
electronic position-tracking system. The
hand activity was carried out during presen-
tation with objects and during game-playing
in 60-min experimental sessions conducted
when the babies were aged about 6, 10 and
12 months. Optotrak sensors accurately
measure the trajectory and location over
time of light-emitting diodes on the babies’
hands with a 0.1-mm precision. Optotrak
computations were carried out blind to
videotape recordings of the positions of the
babies’ hands, which on their own are a sub-
jective way to analyse hand movements''.
Online videotapes were made of all babies
independently for post-Optotrak analysis.

Optotrak analyses revealed that sign-
exposed babies showed a significantly differ-
ent type of low-frequency rhythmic hand
activity from speech-exposed babies, as well
as another type of high-frequency rhythmic
hand activity that speech-exposed babies also
showed and used almost exclusively (Fig. 1).

The low-frequency hand activity of

" sign-exposed babies was mainly generated

within a tightly restricted space (Fig. 2).
corresponding to the obligatory ‘sign-
phonetic’ space in front of a signer’s body
that binds all linguistic expression in signed
languages (82%); high-frequency hand
activity was mainly outside this space
(73%). Speech-exposed babies produced
most of their high-frequency hand activity
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Figure 2 Learning lang.ace: a class of hand movements made
by babies with profourc'y zeaf parents have a slower rhythm than
ordinary gestures and 22 estricled to space in front of the body.

outside the crucial linguistic space (92%).
Quantitatively, the low-frequency hand
activity corresponds to the rhythmic pat-
terning of adult sign-syllables'. We also dis-
covered, after lifting the blind on videotape
recordings, that only these low-frequency
movements had the qualitative properties
of silent linguistic hand babbling'.
Remarkably, and without relying on the
mouth, this silent linguistic babbling was
conveyed by babies” hands in a different class
of movement from non-linguistic hand activ-
ity. These linguistic and motor movements
are differentiated by their distinct rhythmic
frequencies, which could only result if babies
are able to use the specific rhythmic patterns
that underlie human language.
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