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Abstract

In this short paper we describe a robotic
setup to study the self-organization of concep-
tualisation and language. What distinguishes
this project from others is that we envision a
robot with speci

¢ cognitive capacities, but without resort-
ing to any pre-programmed representations
or conceptualisations. The key to this all is
self-organization and enculturation. We re-
port preliminary results on learning motor be-
haviours through imitation, and sketch how
the language plays a pivoting role in con-
structing world representations.

1. Introduction

In philosophy human reason and language has of-
ten been described from a functional view point,
detached from any physical substrate (e.g. Fodor,
1983). By seeing the mind as a computing machine,
and reason, representation and language as mere pro-
grams that run on this computing brain, they have
neglected the importance of embodiment in under-
standing the how and why of human cognition. Like-
wise, language has had to endure the strangle hold
of functionalism, which defends a simpli

ed view in which linguistic capabilities are the re-
sult of an innate language faculty. Learning a lan-
guage and all the competences that are needed to use
language, such as conceptualisation or vocalisation,
is in this view merely a matter of setting the right
parameters in a genetically specified program (e.g.
Chomsky, 1965).

In this paper we describe work in progress, which
argues against functionalism. We believe that lan-
guage and cognition are not the product of an in-
nate endowment, but rather result from the inter-
actions between the environment and the individual
and from interactions between individuals. The crux
here is that language and cognition are the result of
social and cultural interactions. This is easy enough
to accept for language, but why should cognition find
its origins in social interaction? To not bite of more
than we can chew, we will limit ourselves here to

conceptualisation and demonstrate how conceptual-
isation can be determined by social and cultural in-
teraction.

2. Experiments in language and cog-
nition

Some have already demonstrated on robotic plat-
forms how embodiment plays a crucial role in ac-
quiring representations and conceptualisations of the
world (e.g. Belpaeme et al., 1998; Roy, 2000; Vogt,
2001; Steels, 2001). What is unique about the setup
presented here is that the robot not only perceives
the environment, but also is able to actively engage
in its environment through the use of its robot arm.
As such the system does not only acquire perceptual
conceptualisations, but also conceptualisation on ac-
tion and time. This will form the foundation for
other ongoing research in endowing the robot with
fully syntactic language acquisition.

The physical setup consists of a robot arm, a stereo
camera mounted on a pan-tilt unit and a controlling
computer. The arm has six degrees of freedom and is
equipped with a gripper and its forward and inverse
kinematics are known. Apart from manipulating ob-
jects, the arm enables the agent to grab and push
objects and to direct attention of others by point-
ing to objects. The vision system consists of a stereo
head mounted and a pan-tilt head, allowing the cam-
era to look around the room and also focus on a work
space with objects in front of the agent.

2.1 Imitation

We use imitative interactions to let the robot con-
ceptualise its motor behaviour. Concretely we have
defined a procedure, dubbed the imitation game,
which we have used to demonstrate how conceptu-
alisation of actions can emergence without explicitly
predefining any actions for the robot (Jansen et al.,
2003). Furthermore, as the imitation game is played
between several agents, all agents acquire a shared
repertoire of actions. This even works when the bod-
ies of the agents are dissimilar; consider two agents
with a completely different embodiment, for instance
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Figure 1: Robotic setup showing the 6 DOF arm and the
stereo camera on a pan-tilt head.

a different number of degrees of freedom. Each agent
tries to imitate the other’s actions as good as possi-
ble. If one agent can not imitate the other agent’s
action, simply because its kinematics prohibits the
performance of such an action, the imitation might
fail. If this action is repeatedly not imitated suc-
cessfully, the action will disappear from the agent’s
repertoires. As such, this leads to a shared repertoire
consisting of all actions that can be observed and ex-
ecuted by all agents, and as the imitation game does
not require the parties taking part in the game to
have identical embodiments, it is possible for a robot
to acquire action conceptualisations from humans.

2.2  Presence detection and shared attention

In order for an agent to be able to participate in in-
teractions with another agent or a human, it is nec-
essary that the participating agents can establish a
form of joint attention. This enables them to narrow
down the perceptual information flow and focus on
the topic of conversation. For example when deter-
mining the meaning of a verbal expression, knowing
what part of the physical space the speaker pays at-
tention to, might resolve possible ambiguity left in
the linguistic description. There are different ways
in which joint attention can be achieved. Gaze di-
rection, pointing, head movements, gestures etc. are
all non-verbal means by which humans can direct the
attention of other persons. If we want a robotic agent
to participate in linguistic communication in which
it has to take up the role of both hearer and speaker,
it must be capable of recognising such social cues as
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well as providing them to other agents. One of the
important social cues to direct the attention is gaze.
It is therefore necessary for our robot to be able to
detect faces and, if close enough, eyes and their gaze
direction. Human activity is detected by a simple
motion detection algorithm, while face detection is
done using a multi-layer perceptron to classify skin
coloured pixels. After judging possible candidates on
area and shape, and fusing with depth information
from the stereo vision, eye candidates are found in
the faces and their gaze direction is extracted.
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