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Human-human conversation has often been heralded as a model for human-computer interaction, the
rationale being that human-computer interaction can be improved significantly if it relies on those
skills and abilities which come most natural to humans. The most rigorous application of this idea
can be found in recent work on embodied conversational agents (ECAs; e.g., Cassell et al., 2000).

The aim of this paper is to describe how a specification of the behaviour of ECAs can be grounded
in empirical investigations into human conversational behaviour. We consider various empirical ap-
proaches and identify some pitfalls and problems which one faces when translating empirical results
to algorithms for ECAs. As an illustration of the aforementioned issues, we discuss an empirical study
into multimodal referential acts and the considerations which are involved in deriving algorithms for
the interpretation and generation of referential acts from this study.

We would like to propose that three tasks can be distinguished in the construction of an ECA

(this model is used as a starting point for our discussion, not necessarily as a description of current
practice).

� In task A principles or regularities which are involved in human-human communication are
sought on the basis of empirical studies.

� In task B the findings collected in task A are translated into one or more possible ECA algo-
rithms. At this point, the gap has to be bridged between possibly abstract principles/regularities
and algorithms which are suited for a specific application domain.

� In task C the performance of the ECA algorithms is evaluated with respect to a set of metrics
(e.g., Sanders & Scholtz, 2000) or with respect to each other (e.g., Nass et al., 2000 compare
ECAs which have been given different personality profiles with respect to each other). The
evaluations involve fully implemented algorithms or, alternatively, Wizard-of-Oz type studies
(e.g., Fraser & Gilbert, 1991).

The focus of this paper lies with the tasks A and B. Let us start with task A. Empirical approaches
can be thought of as occupying a scale from situations where the experimenter has no control over
the situation which s/he observes to situations where as many features of the situation as possible are
under his or her control. The former situation is typical for the kind of studies which are carried out by
conversation analysts whereas the latter are encountered in experimental studies. Both extremes have
their advantages and disadvantages. On the one hand, conversation analytical studies involve real-
world natural conversations but are often difficult to study due to parameters which are hidden from
the experimenter. On the other hand, experimental studies provide the experimenter with an extensive
insight into the parameters of the situation but can also lead to the study of artificial situations or
situations which hardly ever occur in the real world.

In this paper, we describe an approach which occupies the middle ground. Our aim is to study
fairly controlled situations which allow the subjects enough room to exhibit natural communicative
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Figure 1: Set-up of the dialogue game

behaviour. We build on the insight that language use has to be understood with reference to the
activity in which it takes place (e.g., Levinson, 1992; Clark, 1996). Our aim is to make sure that
the parameters of this activity are known to the experimenter. This means that s/he designs such an
activity, henceforth a dialogue game, and gets his or her subjects to communicate within the bounds
of this game. We propose to define such a dialogue game in terms of four components.

A DIALOGUE GAME consists of:

1. A set of participants;
2. An initial state of play;
3. A joint public goal state which the participants are supposed to achieve;
4. A role function which assigns to each of the participants its entitlements, prohibi-

tions and abilities to access various types of information and perform various types
of action during the game.

The paper describes a concrete instantiation of such a dialogue game: (1) The set of participants
consists of two subjects. (2) In the initial state the participants are separated by a non-transparent
screen and facing a foundation plate (38x38cm) which is occupied by a building made of LEGO blocks
of the DUPLO series (see Figure 1). One of the participants is located next to another foundation plate
with an example building on it and the other is located next to a box containing more blocks. (3) The
goal state is achieved when the building on the shared foundation plate is identical to the example
building. (4) The leftmost participant is assigned the role of builder (b) and the one on the right the
role of instructor (i). Both b and i can point at and observe all objects present on the foundation plate
and they are allowed to talk with each other. Whereas only b is allowed to move the objects with his
or her hands, only i has visual access to the example building.

Ten pairs of Dutch subjects engaged in dialogue games of the described type. Their interactions
were recorded on video tape and subsequently transcribed. These data were then employed to discover
regularities in the use of deictic referential acts, i.e., acts of direct reference to objects on the shared
foundation plate. Two questions were central to our investigation:

� Under which circumstances do participants opt for multimodal communicative acts?

� How do the components of multimodal acts –in particular, linguistic and pointing acts– influ-
ence each other? That is, do pointing acts affect the descriptive content and determiner of the
accompanying referring expression, or perhaps vice versa?

In order to answer the first question we needed to find a correlation between the occurrence of ref-
erential acts and the state of the dialogue at the point in time at which the act occurred. Here we
benefitted from the fact that the ingredients of the dialogue game were transparent to the observer. It
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turned out that, for instance, the salience of objects played an significant role. Generally speaking,
subjects typically pointed to objects which were not salient at the time immediately prior to the ref-
erential act. Furthermore, we found that there was a statistically significant correlation between the
use of proximate demonstratives (Dutch: dit, deze; English: this) and reference to non-salient objects
(a finding, which at first sight seems to contradict existing analyses of English demonstratives; e.g.,
Gundel et al., 1993). Pointing and proximate demonstratives also occurred more often in tandem than
distal demonstratives (Dutch: die, dat; English: that) and pointing. In the full paper we provide a
detailed description of our findings. Our main point, however, is that notions such as salience could
only operationalized with sufficient precision due to the fact that the experimenters knew the param-
eters of the dialogue game and could follow the state of the game through the video recordings. In
a typical conversational analytical study (see, e.g., Sudnow, 1972 for a collection of such studies)
such information often has to be guessed at, since much information is implicit in the interlocutors
background knowledge.

In task B, the findings obtained in task A need to be translated to concrete algorithms. In the
paper, we discuss a number of complications which can arise such as:

� It might not be possible to extract one single algorithm from the findings: different human
individuals might have different communicative strategies.

� The discrepancy between algorithms consisting of definite rules for behaviour and our findings
which are in terms of statistically significant correlations between variables.

� There is the problem of translating notions such as salience to measurable or identifiable phe-
nomena in the application domain.

We will discuss these issues from two perspectives. Firstly, we consider how the results of our empir-
ical study were used to inform an algorithm for the interpretation of referential acts in the multimodal
DENK dialogue system (see Kievit et al., forthcoming). Secondly, we will consider the implications
of our findings for extensions of Dale & Reiter’s (1995) incremental algorithm to multimodal ref-
erential acts. Recently, an algorithm based on the data which are discussed here (see also Beun &
Cremers, 1998 and Piwek et al., ms) has been put forward (Van der Sluis & Krahmer, ms).
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