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Synthesizing a developmental process of joint attention

through mutually facilitative learning of multi modules
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In this paper, we extend our previous model|7] for simultaneous learning of multi-modules for joint atten-
tion: gaze- driven attention and word-driven attention. Inspired from child language acquisition, mutually
exclusivity bias is utilized for mutual facilitative learning in an inter-module manner by extending a modified
Hebbian learning rule. We applied the proposed system to the computer simulation in more plausible setting
as infant model and argued possible correspondence to some knowledge in developmental psychology.
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Fig. 1: Setting for learning multimodal joint attention
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Fig. 2: Learning mechanism of joint attention with two
modules: gaze-driven attentional one (top) and word-

driven one (bottom)

00000D000000000¢"0¢gPO0DODOODOD
0oOoOooooo0Ded,e’ 0000000000000
000000000000000I000000000 o
0000000000000 00D0g" 000D00D000O
00000000000 D00O0DODO00O0ODO000OgP
00000000000 00000D000O00O000nD
0000000o0oood gh,gr,09,09 1000 o0
0000000000000 000D0D000DoDoon
0000000 1000000goo0oooooooon
gooooo Gr,GP,N,N,LO00 MOOOODOOOD
0000000000 D00000D00000000000n
0000000000000 OOOOOOOOOOOO
000000000000 000O0D0000O0DO0OOD
00000000000 00000D000000000O
000000000000 D000D0D0D00DO00oono
oooooo

00000000 NOOOOODOODOODODODODOD
00000000 MOOOOOTO0O000000 M,0
0000000000000 000D000D0D00OOnoD
0000000000000 1000000000000
00000000000 0000O00D0000O0O00OnD
000000000000 00000000000000
ooo0o0O000Oooo

21 0000OO0O0O0OO0OO0O0OO0

gbobooobooooooboooooooooooooon
00 g¢g"0gPO00O0D00OODOOOODOOOOODOOODO
goooboooobooo

60 =Wy’ (1)

07 =w'g" 2)

000D000000000ed 00D e 00000nn
0000000000000 DDOO000000oonooo
0000000 00OwWY . weOoood NxG",NxGP
000000000o0oo0oo0ooooooooooooon
000000000 0o0OO0O0o0oO0oDDoDooooooon
gged 0i0DDo0O0OO

e ifsi>0

07 = (3)
0 otherwise

000000 NODDOOOO A 0000000000

"0 0 0000000000 sO00D00000000

0000:;000000000000000000000

00 IDOO0d(>0)000000000 00000

00000 ;000000 NOODODDOOODOOO

22 ODOO0O0OOO0OOOO0ODOOO0O

ggoobbooooboobbuoobbbooobobood
gl!ooooobooooooooooooooobooooon
oo

ol =wll 4)

000000000000 wW!'ODO0000oooooo
000 MxLOODOOO

gboooboobooobooooooooboooboon
00000000000000000 NODOOoOooOo é
ggog«-0b00o0od

il ol ifs; >0 5)
’ 0 otherwise

gobooobobobooboooboon

23 00O

00000000000 69,090 6'0 6 =69 +69 +6!
0000000000000 0D0ON0DOONONONOO0
00000000000000000004000000
00000O000D00000000060:000000
100000000 0000000000 o040000
00000000000000 100000000000
0060 o0000O00OODDOOOOO

24 00O0OO0OO0OODOOOOOOODO

gooooooooooooboog g,gh, 1000000
goboooob e,oOOODOODODOODOOOODOD
0o0oooooooooooDen o0 OOOOOOOOO
gooooooooooooooooobooobooooo
gboooobooobooboboobooooooobooobo



0.6 [ OChe

04 = Face
Motor - - =
Word
Object = - =

Recognition rates
\
\
3

0.2

0
0 600 1200 1800 2400 3000 3600

” v Learning steps

(a) Spots for joint at-

tontion (b) Recognition rates

Fig. 3:

and (b) Recognition rates of inputs and outputs

(a)Environment of infant-caregiver interaction
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Fig. 4: Developmental process of (a),(b) gaze following,
(c) lexical acquisition, and (d) gaze following in more de-
tail.
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