The Necessity of
Joint Attention
for Language Evolution

Nijmegen Institute for Cognition and Information

University of Nijmegen



. Introduction

 question how and why language has emerged during the evolution of mankind is, according tc
istiansen and Kirby (2003), amongst the ‘ hardest problem in science'. By its very nature, this
stion can only be answered using indirect evidence, which has been provided by scientists fror
arch areas as diverse as archeology, linguistics, philosophy, biology, and mathematics. Recent
archers in computer science and artificial intelligence joined them, using computational methc
Imulate the emerging of language and other cognitive skills.

example, Luc Steels (2001) employed robots to play so-called language games in the Talking:
ds experiments. In these language games robots were able to acquire a common lexicon of
ous properties related to geometrical

=cts on awhiteboard by using communicative
ons, feedback and joint attention, where one of
agents tried to label the features of objects the
> was ‘looking’ at.

)t and Coumans (2003) used agent simulations to
pare various types of language games, which utilized
Jback, joint attention, or just associative learning.

The Talking Heads experiment



> important topic in language evolution is the relation

veen language, Theory of Mind, and joint attention in the
lution of mankind. Malle (2002) and Reboul (2004) of Mind Languag
nosed an escalator model, where joint attentional skills are
precursor for both Theory of Mind and language, which ' '
d on each other’s advances to further develop.

Nis study we investigated whether language games can

vide any evidence for the hypothesis that joint

ntion is a prerequisite for basic language evolution,
that further advances need some Theory of Mind.

thermore, we investigated which joint attentional capability is crucial: the ability to share, follc

lirect attention, since these capabilities are typically acquired at different moments during a
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he simulations, we used guessing games, observational games, and selfish games (all describec
)t & Coumans, 2003), and enhanced observational games (which model various stages of joint
ntional capabilities) in different settings to investigate the influence of joint attention. While tF

ssing game had feedback as its

nary mechanism, the observational game
zed sharing attention. The selfish game had
her feedback nor joint attention, and relied
3ssoci ative learning.

Il games, the agents had to relate utterings
eatures (like colors), where the association
veen uttering and features was used as a
ght measure.

se games were played with varying number
gents, number of features and level of ambiguity

e environment that the agents percepted. After 100 language games, the coherence

Level

Game Joint Attention

Guessing Game N/A N/A
Selfish Game None 0
Observational Game | Share Attention 1
OG/follow Follow Attention 2
OG/direct Direct Attention 3
OG/both Follow & Direct 4

Language games and joint attention |evel

 of the evolved lexicon among the agents was calculated and used as an independent variable.



 enhanced the observational game to allow agents to employ additional methods to further spe
feature that was object of the game. For example, if the feature that was meant in the game wa
1 color’, and the object that was communicated was ared circle, the has no further information
sther the feature that was meant was red or circle, and ambiguity would arise

2 picture).

e ‘hearer’ would be able to employ direct |

ntion, it could communicate the blue circle ‘
yance to red as well. Both techniques could

, upon denial, would be able to relate the
=mpl oyed together in even more complicated
ings to limit the number of featuresthat are
sistent with the agent’ s knowledge.

e ‘hearer’ would be able to engagein

ow attention, it could ask for another object,
, when shown the red square, could conclude
utterance was related to the feature red.

Geometrical shapes on a whiteboard



Imulations with 2 agents and 2 attributes (shape and color) with both 3 values, the combined u:
oth follow and direct attention (.41) caused higher coherence than feedback (.33), only follow
ntion (.31) and only direct attention (.33). The traditional observational game gave aresult of .
the selfish game scored .07. While no significant interaction could be found between game tyj
number of agents, there was a significant interaction (F(5, 108) = 4.46, p < .001) between gan
> and number of properties. The differences in the coherence rate become smaller, notably scor
he guessing game and follow+direct game fall sharply.
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guessing game 0,33
selfish game 0,07
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follow attention 0,31
direct attention 0,33
foll.+dir. Attention 0,41
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re is also asignificant interaction (F(10, 162) = 2.31, p < .05) between game type and level of
iguity. While the coherence rate in the traditional games was hardly influenced by ambiguity i
environment, the joint attentional enhancements dropped to the level of the observational gam

N there was moderate ambiguity in the environment.

Scores with no, slight and moderate ambiguity
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0,33
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0,33
0,41
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. Conclusion

Jough computational simulation of artificial language grounding is arather abstract research
hod that leaves out many — possibly important — details in the simulation model, the use of
ract language games gives researchers the opportunity to formulate and simulate hypotheses tt
difficult to test otherwise.

S study is ongoing, but the results so far provide little evidence for the hypothesis that joint
ntion isacrucial prerequisite for language evolution. While strategies to narrow down the
Sible alternatives (i.e., to disambigue the topic of the language game) help in very easy games,
of methods that mimic the capability of follow and direct attention are less successful when m
ures play arole, and are more or less useless in ambiguous situations.

m these results, it seems unlikely that the ability to engage in joint attention is (by itself) a cruc
or in the development of language. It seems that a combination of strategies (e.g., feedback,
ation, joint attention) is needed to give better results.

/erthel ess, care should be taken to over-generalize results from artificial language grounding t
juage development or even language evolution.
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