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1 Extended Abstract

In this paper we will demonstrate how social behaviour and social cues derived from a human interacting
with a humanoid robot can be used to allow the robot to learn labels of presented shapes. This work is
based on the premise that social interaction is essential for effective language acquisition [6].

In human development, adults do not specifically attempt to ‘teach’ language to children but rather
aim for joint understanding with the child. The interaction mechanism employed (often unconsciously)
by the adult is to use a form of language called Infant Directed Speech (IDS) which is specifically tailored
to the perceived level of linguistic skill of the young child [2]. IDS is characterised by adults speaking
more slowly and often repeating what is said during the interaction. Attention is also drawn to topics via
changes in pitch, pause duration, word placement, word duration and intonation. As joint understanding
increases between the child and adult, fewer aspects of IDS are employed.

We report firstly, on a study with a humanoid robot (KasparII) where, through unrestricted speech
and interaction with a human partner, the robot can attach meaning1 to a series of individual shapes
by exploiting some elements of IDS (see figure 1). Secondly, we will report on proposed developmental
work with a humanoid robot (iCub) on foundational considerations for studies into the acquisition of
human-like use and understanding of negation (see figure 2).

We will explain how human infants are thought to acquire word meaning and present results from
the first study above to assess whether broadly equivalent mechanisms will allow a humanoid robot to
do the same. This is achieved by firstly employing a rudimentary form of shared intentional reference
and secondly making the assumption that regularities can be extracted from the human’s speech stream
and associating these with the robot’s sensorimotor perceptions. In English (and many other languages)
attention is drawn to salient words with prosodic markers and word placement. Often salient words are
placed at the end of an utterance, partly reflecting the subject-verb-object structure of the language) [2,
pages 62-66]. However there is also evidence that a similar phenomenon occurs in IDS in other languages
(e.g. Turkish) even when to do so would appear to be ungrammatical for that language [1]. As well as
utterance-final word placement, often the word is spoken with a longer duration than average during the
utterance. We therefore use both the duration and placement of a word in the perceived speech matched
with the sensorimotor stream experienced by the robot in order to bias the robot’s learning ability.
As well as being attentive to word markers, the robot must also be able to associate that word with
important aspects of the sensorimotor perception and proprioceptions and associate them, even though
they may not occur at the same time during the interaction. We will explain a method dynamically
associating the relevant part of the sensorimotor stream with the referential focus of the robot.

We will also report on current work studying negation and its application in humanoid robotics.
Negation has been considered primarily as a grammatical phenomenon [4]. However, literature on child
language development shows that negation is much more varied and begins to emerge long before the
production of grammatical utterances [2, pages 214-217]. The target of the work reported here is to mod-
ify an existing embodied language acquisition system in order to enable it to aquire negative utterances
via unconstrained human-robot interactions. It is based on an analysis of early language development

1Following Wittgenstein [7], any derivation of ‘meaning’ must ultimately be evidenced by appropriate embodied action
in language games (cf. [3]).
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Figure 1: Sharing Reference with a Teacher in

Context. Kaspar2 interacts with the teacher, where

both the robot and the human share attention on the

shapes on the box, a case of rudimentary shared in-

tentional reference.

Figure 2: A Grumpy iCub. We consider an alter-

native view of negation. In our research language is

used as a means to manipulate the world rather than

as a paradigm of propositional representation. We

consider both affect and the need for memory.

in humans [5]. We will present the varied classes of negation and show that three of five negation types
are related to motivation/affect where their meaning is virtually void if motivation is disregarded. In
addition we will demonstrate that certain types of negation suggest the need for memory and temporally
extended representation as they refer to events in the past or to absent entities. The methodology being
used to carry out this research will make use of the humanoid robot iCub, capable of facial expressions
and gestures. An existing social learning architecture will be extended by adding short-term memory
with a varying time horizon to language extraction as well as adding a motivation module in order to
support sensorimotor-motivational grounding. We will use facial expression and gestures to indicate
motivational state of the humanoid in order to provoke negative utterances from näıve human partners
using unconstrained speech.

In both of the the studies above we will consider how to recognize important events in the social
interactions, what the interaction between the human and robot yields in terms of meaning acquisition,
and the limitations on these forms of social interaction.
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