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Abstract
Pointing combined with verbal referring is one of the most
paradigmatic human multimodal behaviours. The aim of this
paper is foundational: to uncover the central notions that are
required for a computational model of human-generated multimodal referring acts. The paper draws on existing work on the
generation of referring expressions and shows that in order to
extend that work with pointing, the notion of salience needs to
play a pivotal role. The paper investigates the role of salience
in the generation of referring expressions and introduces a distinction between two opposing approaches: salience-first and
salience-last accounts. The paper then argues that these differ not only in computational efficiency, as has been pointed
out previously, but also lead to incompatible empirical predictions. The second half of the paper shows how a saliencefirst account nicely meshes with a range of existing empirical
findings on multimodal reference. A novel account of the circumstances under which speakers choose to point is proposed
that directly links salience with pointing. Finally, a multidimensional model of salience is proposed to flesh this model
out.
Keywords: Generation of Referring Expressions; Multimodal
Reference; Salience; Pointing Gestures; Deixis.

Introduction
Researchers on human pointing gestures have observed that
pointing is essentially a means to “reorient the attention of
another person so that an object becomes the shared focus
of attention” (G. Butterworth, 2003). Somewhat surprisingly,
this insight does not seem to have a counterpart in computational models of multimodal referring expression generation. In these accounts, focus of attention, accessibility and
salience, three notions whose interrelationships we examine
in more detail in the next section, are absent. Pointing is
treated as either a fallback strategy for when verbal means
fall short, or as expressing a property (i.e., as denoting a set
of objects) in the same way that words, such as ‘red’ or ‘bird’,
express properties.
For example, Lester, Voerman, Towns, and Callaway
(1999) describe a system that only produces a pointing act,
when a pronoun does not suffice to identify the target. Similarly, Claassen (1992) introduces an algorithm which only
uses pointing if no purely verbal means of identification is
possible, and Sluis and Krahmer (2001) describe an algorithm that only generates a pointing act if a purely verbal referring act becomes too complex. More recently, Krahmer
and Sluis (2003) treat pointing acts not very different from
words: as expressing a property. A pointing act identifies a
subset of objects in the domain. Their algorithm assigns costs
to the properties that are included in a referring expression. A
graph-based algorithm is employed to find the cheapest combination of properties for referring to an object.
This is not to say that none of the models of referring expression generation and interpretation use notions such as at-

tention, accessibility, or salience – a notion that will occupy
a central place in the model that is offered in this paper. For
example, visual salience plays a pivotal role in the interpretation and generation algorithms of Kelleher, Costello, and
Genabith (2005). Similarly, Choumane and Siroux (2008)
model visual salience for interpretation. Neither of these accounts do, however, directly relate salience to pointing gestures: Kelleher et al. (2005) only deals with verbal referring
acts, whereas Choumane and Siroux (2008) view pointing
acts rather narrowly as designating an object, rather than playing the dynamic role of changing the focus of attention.
The aim of this paper is to unpick the relation between
salience and pointing and lay the foundations for a computational account based on this relation. The next section makes
the assumptions behind the current approach explicit, and
spells out the relation between the notions of salience, accessibility and focus of attention. Next, the role of salience in
the generation of referring expressions is examined. We distinguish between two opposing approaches for dealing with
salience: salience-first and salience-last accounts, and argue
that these differ not only in computational efficiency, as has
been pointed out previously, but also lead to diverging empirical predictions. The second half of the paper shows how
a salience-first account nicely meshes with a range of existing empirical findings on multimodal reference. A novel account is put forward of the circumstances under which speakers choose to point. This account directly links salience with
pointing. Finally, it is fleshed out by introducing a multidimensional model of salience for multimodal reference.

Assumptions and Terminology
The situations that we aim to model have three main ingredients: a speaker, an addressee and a visually shared domain
of discourse. The speaker’s goal (or intention) is to identify
an object, the target, for the addressee in the domain of discourse. To achieve this goal, the speaker can use both language and pointing gestures. The scope of the model is restricted to cases in which the speaker is referring to objects
in the visually shared domain and, if the speaker points, the
target is among the objects that the speaker points at. This
excludes cases such as those discussed by Clark, Schreuder,
and Buttrick (1983) and Goodwin (2003). For example, Clark
et al. (1983) discuss a speaker who says ‘I worked for those
people’ whilst pointing at a newspaper. In this instance, the
speaker referred to the publishers of the newspaper. Cases
like this one, where the speaker refers to an object that is not
in the visually shared domain and points at an object which is
different from the target, are beyond the scope of the current
study.

The aim of the model is two-fold: A) to produce expressions that are identical to those that humans produce in similar situations and B) to be a model that generates referring
expressions using similar mechanisms as humans do. The
emphasis is, however, on A: the model has been constructed
using a range of findings on the expressions humans produce
under various conditions. B is only addressed to the extent
that we borrow notions from cognitive psychology, such as
salience, to frame the model and make sure that the model
is consistent with experimental results regarding the timing
of speech and gestures. The model is not intended as an engineering solution to the generation of referring expressions.
For example, the following are not aims in themselves: to
generate the shortest expression that uniquely identifies the
referent, generate an expression that uniquely identifies a referent in the computationally least costly way, or to produce
expressions that are easiest for humans to comprehend.
The model is put forward as an information-processing
model; it rests on the assumption that we can describe a cognitive activity in terms of the representations and processes,
the computations, that are involved in that activity. We assume that, even though the human brain implements these
computations, the nature of the activity can be characterized in terms of the computations only. See Ruiter (2000)
for an excellent description of the information-processing approach to cognitive modelling, specifically, for the study of
multimodel behaviours. Here, we would like to note that an
information-processing approach does introduce considerations of computational cost: if we, as humans, can perform
a particular task within certain temporal constraints, this does
put constraints on the efficiency of the computational mechanisms that the model invokes.
The model that we take as a point of departure, the Incremental Algorithm (IA), was devised by Dale and Reiter
(1995) to address some of the shortcomings of previous computational models for referring expression generation. Dale
and Reiter (1995) argue that ‘the simplest [model] may be
the best, because it seems to be closest to what human speakers do.’ In other words, their critique of prior models focuses specifically on their cognitive plausibility. They identified two specific weaknesses of these models: they generated
expressions that would never be generated by human speakers and put unrealistic computational demands on the generator. The IA is compatible with one of the leading cognitive
models of speech production, Levelt’s blueprint for a speaker

