T o w ards Language Acquisition b y an A tten tion-Sharing Rob ot

Hideki Kozima Akira Ito

Communications Research Lab oratory

588-2, Iwaok a-c ho, Iw aok a, Nishi-ku,

Kob e 651-2401, Japan

fxkozima,aig@crl.go.jp

Abstract

This pap er describ es our preliminary research

on \attention-sharing" in infan ts’ language ac-

quisition. A tten tion-sharing is the activity of

paying one’s attention to someone else’s atten-

tional target. This enables one to observe oth-

ers’ sensory-input (what they are p erceiving

from the target) and motor-output (what they

are doing in resp onse to the target). Being

inspired by lac k of attention-sharing in autis-

tic children, we assumed that observ ation of

others’ b ehavior by attention-sharing plays an

indisp ensable role in sym b ol acquisition. As

a test-b ed for attention-sharing, we are de-

veloping a rob ot that can follow p eople’s at-

tentional targets by means of monitoring their

gaze-direction.

1 In tro duction

Machine acquisition of natural language is one of the

most c hallenging targets of cognitive science. As a

basis for language acquisition, we deal with acqui-

sition of a symb ol system, whic h articulates things

and ev en ts in the world in to categories and gives

phonological lab els to the categories. The relation-

ships b etw een the categories and lab els are arbitrary

conv en tions shared by p eople, so that infants hav e

to learn them through in teraction with p eople.

This pap er describ es the role of \attention-shar-

ing" (Baron-Cohen, 1995), esp ecially that based on

gaze, in infants’ symb ol acquisition. Figure 1 il-

lustrates how atten tion-sharing is achiev ed: self (S)

captures gaze-direction of an agent (A), then the self

searches in the direction and identi�es the target

(T). Shared attention sp otligh ts things and ev en ts

b eing mentioned and makes the communication co-

herent ab out the same target.

2 A tten tion-Sharing and

Sym b ol Acquisition

Observ ation of others’ verbal b ehavior provides in-

fants with learning data for symb ol acquisition. Let

us consider that an agent, lo oking at a cat, says

\cat", as illustrated in Figure 2. In order to mimic

this verbal b ehavior, the self has to observe the

(1) capture gaze

T

A

� �

S

� �

(2) identify the target

T

A

� �

S

� �

Figure 1. A tten tion-sharing based on gaze.

O = "cat"

I

A

� �

S

� �

O

0

I

0

Figure 2. Observing other’s v erbal b ehavior.

I

0

O

0

I

0

M

O

0

Figure 3. In tro ducing mediators b etw een I/O.

agent’s sensory-input I (stimulus from the cat) and

motor-output O (verbal resp onse) and to make the

asso ciation b etw een them.

Atten tion-sharing enables us to observe someone

else’s input and output, as also shown in Figure 2.

Atten tion-sharing guaran tees that I

0

(the self ’s in-

put) resembles I , since b oth are paying attention to

the same target. At the gaze-capturing stage (Fig-

ure 1, left), the self can observe the agent’s output

O and map it onto the self ’s motor image O

0

. (W e

assume an innate mapping mechanism like imitation

of facial gestures by neonates.)

Although thus observed relationships b et w een in-

put space and output space ma y v ary in man y wa ys

(size, color, tone, v olume, etc.), one can construct

an e�cient mediator b etw een these spaces. As illus-

trated in Figure 3, the complex relationships (left)

245 Kozima and Ito Language Acquisition by an Attention-Sharing Robot

Figure 4. The atten tion-sharing rob ot.

can b e decomp osed into several (almost separated)

comp onents by intro ducing a hidden mediator space

M (righ t), on whic h \symb ols" can emerge.

3 Implications of Autism

Atten tion-sharing is commonly seen in infants at the

pre-verbal stage. Its developmen t starts b efore 6

months old, and is completed at around 18 months

old (Butterworth, 1991). Also in some non-human

primates sho w attention-sharing (Itakura, 1996).

Most of infants and children with autism do not

show attention-sharing; b eing instructed b y an ex-

p erimenter, how ev er, they can do it (Baron-Cohen,

1995). This means they are una w are that one’s gaze-

direction implies his or her attentional target.

Being unaw are of others’ attention, children with

autism show t ypical disorders in v erbal and non-

verbal communication (F rith, 1989). Most of c hil-

dren with autism can not acquire language or use

language prop erly

. This is b ecause (1) they failed

in observing v erbal (and also pragmatic) b eha vior

of others, and (2) they failed in observing p ositiv e/

negative feedbac k for elab orating their h yp othetic

language mo dels.

4 The A tten tion-Sharing Rob ot

W e are dev eloping a rob ot, Infanoid , as a test-b ed

for our mo del of attention-sharing. The rob ot is in-

tended to create shared atten tion with humans in

terms of monitoring their gaze-direction.

The rob ot has a head, as shown in Figure 4,

with four CCD cameras (left/righ t � zo om/wide)

and servo motors to drive the \eyes" at the sp eed

of h uman saccade. The images tak en by the cam-

eras are sent to a workstation for gaze-monitoring.

The gaze-monitoring pro cess consists of the fol-

lowing tasks, as also shown in Figure 5: (1) detect a

face in a scene, (2) saccade to the face and switch to

the zo om cameras, (3) detect ey es and determine the

gaze-direction in terms of the p osition of the pupils,

and (4) search for an ob ject in the direction. If some-

thing relev an t is found, the rob ot identi�es it as the

target.

W e hav e dev elop ed a prototyp e of the rob ot and

the real-time face/ey e detectors. W e are now w ork-

(1) detect a face (2) saccade and zo om

(3) capture gaze (4) identify the target

Figure 5. Gaze-monitoring pro cess

ing on gaze capturing and target selection. Our pre-

liminary study found that these tasks require some

top-down information like the ob ject’s \relev ance"

(Sp erb er and Wilson, 1986) to the curren t context.

5 Conclusion and F uture Researc h

W e describ ed our preliminary mo del of attention-

sharing as a device for observing learning data (oth-

ers’ v erbal b ehavior) for symb ol acquisition.

The mo del will work in the b o otstrapping stage of

infants’ symb ol acquisition; it only deals with refer-

ring to physical ob jects. Infan ts at this stage tend

to tak e an unknown lab el as a category name of a

physical ob ject, and then apply the lab el to other

ob jects with similar shap e (Imai, 1997).

In future research, we ha v e to fully implement

the gaze-monitoring pro cess and to ev aluate it in

human-rob ot interaction. Also w e are planning

an exp eriment on ev aluating the accuracy of hu-

man gaze-monitoring; this will reveal how h umans

rely on top-down seman tic/pragmatic information in

attention-sharing.

References

Simon Baron-Cohen. 1995. Mindblindness: An Es-

say on Autism and The ory of Mind , MIT Press.

George Butterworth and Nicholas Jarrett. 1991.

What minds hav e in common is space. British

Journal of Developmental Psycholo gy , 9:55{72.

Uta F rith. 1989. Autism: Explaining the Enigma ,

Blackw ell.

Mutsumi Imai. 1997. Origins of word-learning prin-

ciples. Co gnitive Studies, 4:75{98. (in Jap anese )

Sho ji Itakura. 1996. An exploratory study of gaze-

monitoring in nonhuman primates. Jap anese Psy-

cholo gic al R ese ar ch , 38:174{180.

Dan Sp erb er and Deirdre Wilson. 1986. R elevanc e:

Communic ation and Co gnition , Blackw ell.