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The development of joint attention related actions, such as gaze following and gaze alter-
nation, is one of mysteries in infant development. Previous synthetic studies have proposed
learning methods for gaze following without any explicit instructions as first step to under-
stand such development. However, a robot was given a priori knowledge about which pair
of sensory information and action should be associated. In this paper, we propose a learn-
ing mechanism that automatically and iteratively acquires social behavior by detecting and
reproducing the causality inherent in interaction with a caregiver without such knowledge.
The measurement of causality based on transfer entropy [1] is used to detect appropriate
pairs of variables for acquiring social actions. The reproduction of the detected causality
promotes other causality. In the computer simulation of human-robot interaction, we ex-
amine what kinds of behavior related to joint attention can be acquired sequentially by
changing the behaviors of caregiver agent. The result indicates the actions are acquired in

(00000000 ERATOUOOOOUOOOOOUOOOOOOOOOOn)

(00000000 ERATOOU0DOO0O0OUDDOOOO0ODDOOOOOOOON)

similar order to infant development.
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Fig.1 Proposed mechanism to successively develop social
behaviors
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Fig.2 Experimental setting for acquisition of joint atten-
tion behaviors
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Table 1 Initial variables in robot

Type Name Elements
Perception: caregiver’s face St =A{f1. f2, f3, fr, fo}
S object So ={0,04}
Action: shifting gaze A1 ={91,92,93,9c}
A hand gesture Ay ={hy,ho, b3, hy}
Result: full face of caregiver R, ={0,1}

R profile of caregiver R, =1{0,1}
object R; ={0,1}
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Fig.3 Change of a robot’s behavior in face-to-face inter-
actions between a caregiver and a robot.

Fig. 30000Fig. 30000000000000000
000000 (GFROOOO0D00000000 (NGFR)O
00000000000000 (ECR)O00000000
(GAR)0ODODOOD00D00000000 (STPR)OOOO
0000000000000000000000 (SWPR)
06000000000000000 1,000000000
00000000000000000000000000
00000000000000000000000000
000 Fig. 400000000000000000000
000000000000000000000

01 sm_1 sm.1 . : 1
Cis— G 1 Cip
smi”  sm] b s
Cai— Coi—: + Ca
@
3
O
£ 0.01
0.001

60000 80000

40000
time step

Fig.4 Time courses of sensorimotor causality of set of
event variables in face-to-face interactions between a care-
giver and a robot.
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