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Abstract

In this paper we report on a production experiment for multimodal
referring expressions. Subjects performed an object identification
task in an interactive setting. 20 subjects participated and were
asked if they could identify 30 countries on a world map on the wall.
Subjects performed their tasks on two distances: close (10 subjects)
and at a distance of 2.5 meters (10 subjects). The assumption is
that these conditions yield precise and imprecise pointing gestures
respectively. In addition we varied the 'size’ of target objects (large
or isolated objects versus small objects). This study resulted in a
corpus of 600 multimodal referring expressions. A statistical analy-
sis (ANOVA) revealed a main effect of distance (subjects adapt their
language to the kind of pointing gesture) and also a main effect of
target (smaller objects are more difficult to describe than large or
isolated objects).

1. Introduction
In recent years there has been an increased interest in multimodal

systems that allow combinations of speech and gesture, both on the

input and the output side (see e.g., Benoit et al. 2000). Often this
kind of multimodality is employed to enhance focussing on some
specific target object (Clark 2003). On the input side, a number
of multimodal systems allow the user to single out a target object
in a visual interface using gestures (‘touch pointing’) accompanied

with speech (as in the Smartkom system, for instance see,Whalster

2002). Examples of multimodal systems that combine gesture and
speech on the output aeenbodied conversational ageri@assel et
al. 2000).
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Table 1: Overview of the experimental design WitlrsTANCE as
between subjects anRGET as within subjects variables.

‘easily’ reachable targets (large and/or close ones), (2) What is the
influence of the pointing gesture on the produced spoken language?
and (3) In what way and how much do relata (Levelt 1989) occur
in the referring expressions? Especially in describing ‘difficult’ tar-
gets, ‘easily’ recognizable relata could be helpful in identifying the
target. To address these questions, we performed a production study
in which the target size and the distance to the target were system-
atically varied. Two groups of subjects, one close to and one further
away from a world map, had to single out countries with variable
sizes. In this paper we present a statistical analysis of the resulting
600 multimodal referring expressions. In section 2 we describe the
experiment we conducted, we give a general overview, and discuss
subjects, experimental setting, materials and data processing. In
Section 3 we present the results of our experiment: the interaction
of language and speech, an analysis of the linguistic material and
the gestures. We finish with a discussion in Section 4.

2. Method

The combined usage of speech and gesture puts new constraints, 1 General overview

on the interpretation and generation modules in multimodal spo-
ken dialogue systems. Oviatt (1999) points out, for instance, that
the spoken part of multimodal language tends to be simpler than
unimodal language. The downside is that the spoken information
needs to be synchronized and ‘fused’ with gestural information. For
data-driven development and testing of multimodal interpretation
and generation modules it is important to collect data on how hu-
mans produce multimodal referring expressions combining speech
and gesture (e.g., Piwek & Beun 2001, Kranstedt et al. 2003).
Arguably, two factors that influence object identification are tar-

get size (some targets are easier to point to than others), and target

distance (an object that is close is easier to point at than an object
that is further away). Interestingly, both these factors are combined
and weighted in Fitts’ law, an empiricial measure of the difficulty
people have in reaching a target (Fitts 1954, see also Krahmer &
Van der Sluis 2003).
This raises a number of questions, for example: (1) What is

the influence of target size and distance on the decision to point?
One would expect that people use more gestures when referring to

We conducted a production experiment to elicit multimodal refer-
ring expressions. Subjects had to perform an object identification
task, in which they had to identify countries on a world map. The
size of the world map is 100 by 140 cm. The target countries to
be identified varied in difficulty. Half of the subjects performed the
tasks at a close distance (they could touch the target country di-
rectly), the other half of the subjects performed the same tasks from
a distance (and could only roughly indicate the location of the tar-
get). The experiment has a two by two design, WItRGET as a
within subjects variable andISTANCE as between subjects vari-
able. Table 1 summarizes the experimental design.

2.2. Subjects

Twenty native speakers of Dutch participated as subjects. All are
students and colleagues at Tilburg University. For each condition,
the group of subjects consisted of five men and five women.



2.3. Experimental Setting

Subjects were told that their topographical knowledge was going to
be tested just like in primary school. Half of the subjects performed
the experiment in the ‘near’ condition; they were placed directly in
front of the world map and could touch the targergise pointiny

The other half of the subjects, those in the ‘far’ condition, were
placed on approximately 2.5 meters from the map. Subjects in the
far condition could only roughly point in the direction of the target.
By definition their pointing acts were alwajiraprecise In Figure 1

of each condition an example is shown. Subjects were given a stick
of 40 cm they could use for pointing if they so desired. Although
the subjects used different strategies to identify targets, all subjects
were consistent in their behavior during the task. Subjects were
asked to be more specific with unclear references.

Figure 1. Example of a subjects in the near condition(left) and in
the far condition (right)

2.4. Materials

We selected 30 ‘easy to find’ countries that can be divided in two
kinds of target objects: 15 relatively small countries and 15 rela-
tively large or isolated countries. Isolated countries, like islands

or groups of islands, stand out because of their shape or color and
we considered them to be as easy identifiable as the larger coun-

tries. The relatively small countries, like for example Italy, we call

DISTANCE

near far
easy words 2.28(1.09) 15.59(3.10)
disfl .19(.10) 1.57(.85)
TARGET
difficult words 3.23(1.63) 27.25(6.28)
disfl 17(.11) 2.40(.65)

Table 2: Average number of words and disfluencies per description
as a function of distance and target. Standard deviations between
brackets.

basically denote in what area on the map the target is located. This
indicates that the variation in distance worked as intended.

As a first approximation, we looked at the number of words
and the number of disfluencies in the multimodal referring expres-
sions, Table 2. For the number of words there is an effect of
distance £'(1,18) = 241.04,p < .01), and an effect of target
(F(1,18) = 33.12,p < .01). These effects indicate that in the far
condition subjects use more words than in the near condition and
subjects require more words to refer to difficult objects than to easy
ones. In addition, there is an interaction between distance and target
(F(1,18) = 23.93,p < .01 ). This can be explained by observ-
ing that the effect of target is stronger in the far condition than in the
near condition. As disfluencies we count the number of repairs, rep-
etitions, pauses and filled pauses. The number of disfluencies show
an effect of distanceH(1,18) = 100.44, p < .01) and an effect of
target ¢'(1, 18) = 6.44,p < .05), which indicate that both in the
far condition and when referring to difficult objects subjects speak
less fluently. Furthermore there is an interaction between distance
and target £(1,18) = 7.17,p < .05 ) which signals a stronger
effect of target in the far condition compared to the near condition.
In the near condition subjects do not use many words to refer to
objects easy or difficult, consequently disfluencies are scarce.

3.2. Analysis of Linguistic Material

‘difficult’ targets, because they cannot be distinguished with anim-  Thus, subjects appear to adapt their linguistic material to the kind of

precise pointing gesture and their description requires some effort. Pointing gesture they use. Although we observed some differences
We call the large or isolated countries, for example Russia or New among the subjects, especially in the far condition, each of the sub-
Zealand, ‘easy’ targets because they can be identified with an im- J€cts displayed consistent behavior throughout the experiment. In
precise pointing gesture that reduces the need for linguistic infor- the far condition, all subjects used imprecise pointing gestures, and
mation. Except for the variability in size, the countries also differin hence were required to use more additional linguistic material to

shape and color. The 30 target objects were presented to the subjectsProduce an unambiguous reference. For example a typical descrip-

in a random order.

2.5. Data Processing

Subjects were filmed during the experiment. The resulting data con-
sist of 600 multimodal referring expressions (20 subjec80 stim-

uli). All utterances were transcribed and annotated. The pointing
gestures were classified, and the kinds of linguistic attributes were
determined and counted. All subjects produced a ‘correct’ (i.e., dis-
tinguishing) description for each target. All tests for statistical sig-
nificance were done using an analysis of variance (ANOVA) with

repeated measures, and with distance as between subjects variable

and target as within subjects variable.

3. Results
3.1. Interaction of Language and Speech

Without being forced, all subjects always used a pointing gesture.
In the near condition, this pointing gesture was always a precise
one, where the target was directly touched. In the far condition
subjects by definition employed imprecise pointing gestures, which

tion of an easy object like Brasil idat grote groene vlak™ daar
(that large green areg” over ther@ together with an imprecise
pointing gesture. As an example of a difficult object consider a de-
scription of Portugal:Portugal ehm is het eh groene land dat ten
zuid westen of dat eh in zuid europa ligt naast het roze spanje
(Portugal uhm is the uh green country which lies on the south west
or which uh lies in southern Europg” next to the pinkish Spajn
together with an imprecise pointing gesture. In the near condition,
a precise pointing gesture suffices to single out the target. Addition-
ally, the name of the target is sometimes mentioned together with a
hereor athere

Table 3 presents a more detailed analysis of the linguistic ma-
terial, making a distinction betweeramewhether the name of the
target is mentioned (likBortugalin the example abovelypeinfor-
mation (whether the target is called a country, area, isle, spot, part
etc., i.e., the information typically given in the head noun), the num-
ber of prenominal propertiepioperty; e.g., color, size, shape, etc.)
and the number of location markelsdation). Location markers
can be split into at least two types: (ih)het zuiden(in the south,

as a general reference to southern part of the world, anda@3t

het roze Spanjénext to the pinkish Spajrincluding a relatum. In



DISTANCE

near far
easy name .32(.26) .84(.24)
type .03(.05) .92(.29)
property .04(.06) 1.51(.20)
location 12(.13)  .18(.68)
relata .05(.08) 1.11(.46)
-name .03(.06) .81(.60)
-type .00(.00) .40(.32)
-property  .00(.00)  .28(.46)
-location  .03(.06) 1.35(.65)
TARGET
difficult name .33(.28) 1.07(.18)
type .04(.07) .76(.16)
property .07(.08) 1.30(.21)
location .13(.18) 2.87(.98)
relata 11(.15) 2.21(.56)
-name .03(.06) 2.01(.95)
-type .03(.06) .78(.45)
-property  .00(.00) .81(.34)
-location  .09(.13) 2.72(.85)

Table 3: Average numbers of attributes given per description as a
function of distance and target. The variables name, type, property,
location and relata are explained in the text. Standard deviations
between brackets.

the latter cas@ext to the pinkish Spaias a whole is treated as a
location marker. In addition we counted the numberatéta used

per description. In the example of Portugal the number of relata is
two: EuropeandSpain The descriptions that identify relata, for ex-
amplehet roze Spanjéhe pinkish Spainare dealt with separately.

In Table 3 we also presenaame type property, locationused, for

all relata used in all descriptions.

First consider the between subject effects, the near versus the
far condition. The results show that for almost all features there
is a significant effect of distancedme F(1,18) = 41.21,p <
.01; type F(1,18) 132.21,p < .01; property, F'(1,18)
554.75,p < .01; location F'(1,18) = 76.57,p < .01; relata,
F(1,18) = 119.787,p < .01). Thus, in the far condition, speakers
use more names, motgpe propertyandlocationinformation and
morerelatato identify a target object.

Looking at the within subject effects, difficult versus easy ob-
jects. The results show that subjects tend to use more type and prop-
erty information when referring to large objectgde F'(1,18) =
5.96,p < .05 andproperty, F'(1,18) = 5.94,p < .05). Whereas
in descriptions for difficult objects subjects use mo@nes lo-
cationsandrelata (name F(1,18) = 5.03,p < .05; location,
F(1,18) = 27.72,p < .01; relata, F(1,18) = 51.157,p < .01)

When we compare the references for easy objects with those of
difficult objects, it can be noted that the differences are almost non-
existent in the near condition, while they are substantial in the far
condition fame F(1,18) = 4.91,p < .05; type F(1,18) =
6.99,p < .05; property, F'(1,18) = 9.53,p < .05; location,
F(1,18) = 27.24,p < .01; relata, F(1,18) = 41.149,p < .01).
Interestingly, in the far condition, easy objects are more often re-
ferred to using head nouns and properties, while descriptions of dif-
ficult objects tend to contain more locative expressions and relata.

In our separate analysis of relata, there are effects of distance
for all attributes, fame F(1,18) 33.964,p < .01; type
F(1,18) = 31.398,p < .01; property, F(1,18) = 23.139,p <
.01; location, F(1,18) 75.887,p < .01) which can be ex-
plained by the fact that relata almost exclusively occur in the far
condition. Moreover, all attributes used to describe relata display

effects of target in the sense that in descriptions of easy objects all
these attributes are used less compared to their occurrences in refer-
ences to difficult objectsame F(1, 18) = 50.562, p < .01; type
(F(1,18) = 8.491,p < .01; property, F/(1,18) = 18.656,p <

.01; location F'(1,18) = 66.822,p < .01). Comparing the near
and the far condition the effects of target for the attributes used to
describe relata are largegme F'(1, 18) = 49.450,p < .01; type
F(1,18) = 5.961, p < .05; property F'(1,18) = 18.656, p < .01;
location F(1,18) = 57.136,p < .01). Hence, in the far condition
subjects tend to use more attributes to describe relata of difficult ob-
jects, in comparison to the number of attributes used in describing
relata of easy objects.

3.3. Analysis of Gestures

In Table 4 an analysis of the occurrences of gestures made during
the references is presented. The total number of pointing gestures
(total pointing is split into pointing to the targetq targe) and
pointingto relata Furthermore, we classified the kind of pointing
subjects applied intdynamicandstatic gestures. Dynamic point-

ing gestures can be defined as gestures that include some kind of
movement: vertical, horizontal or circling. Contrastively, static
pointing gestures display no movement in the stroke of the point-
ing gesture. In general, Table 4 shows that all subjects pointed at
every target at least once, no matter the distance or size. Although
itis hard to distinguish difficult objects with imprecise pointing ges-
tures, surprisingly, subjects in the far condition tend to point even
more often (almost twice) to difficult objects. When we consider
the number ototal pointing gestureg more detalil, it appears that
subjects within the far condition, direct considerably more pointing
gesturedo relatain describing difficult objects than in describing
easy objects. Apart from the distribution of pointing gestures, we
looked at kinds of precise and imprecise pointing gestures. Most
precise pointing gestures are of a static nature, whereas the impre-
cise pointing gestures display a greater variability: between static
and dynamic gestures and also within the dynamic gestures.

More specifically, the total number of pointing gestures dis-
plays both an effect of distancé’(1, 18) = 24.52,p < .01) and
an effect of targetf’(1, 18) = 13.45, p < .01), which indicate that
subjects in the far condition use more pointing gestures especially
in references to difficult objects. Moreover the interaction between
target and distancef{(1,18) = 11.62,p < .01) displays a dif-
ference in the effect of target. In all conditions around one pointing
gesture is used to indicate the target, accordingly there are no effects
of target or distance. In contrast pointing gestures that indicate a re-
latum display effects both of targef’(1,18) = 14.17,p < .01)
and distanceK(1,18) = 19.44,p < .01). In the near condition
there are no such pointing gestures because relata usually do not
occur. In the far condition, except for pointing at the target, sub-
jects also use pointing gestures to indicate relata, especially when
the target is difficult to describe. The interaction between target and
distance £'(1,18) = 14.17,p < .01) signals a difference in target
effect. The type of pointing gestures used in the near condition is
in almost all cases static. Whereas in the far condition the type of
pointing gestures varies, dynamic pointing gestures are almost used
as often as static ones. The static pointing gestures only display an
effect of target £(1,18) = 33.82,p < .01), which indicates that
subjects tend to use more static gestures to identify difficult objects.
There is no effect of distance, but there is an interactiofi(18) =
17.10,p < .01), which implies that the effect of target differs sig-
nificantly between the far and the near condition. Dynamic gestures
only display an effect of distancé’(1,18) = 17.15,p < .01),
subjects use more dynamic gestures in the far condition. The ef-
fects of distance are only present for horizontal and vertical point-



DISTANCE

near far

easy total 1.00(.00) 1.32(.22)
totarget 1.00(.00) 1.13(.14)

torelata  .00(.00) .20(.17)

static .80(.32) .73(.32)

dynamic  .15(.31) .90(.54)

-vert  .00(.00) .36(.18)

-hor .02(.03) .15(.13)

-circ  .13(.32) .39(.34)

TARGET

difficult  total 1.02(.04) 1.86(.59)
totarget 1.02(.05) 1.03(.21)

torelata  .00(.00) .85(.64)
static .91(.25) 1.36(.41)
dynamic  .12(.27) 1.03(.74)

-vert  .02(.03) .53(.29)

-hor .00(.00) .18(.12)

-circ .10(.27) .32(.48)

Table 4: Average numbers of pointing gestures given per description
as a function of distance and target. The variables total, to target, to
relata, static, dynamic, vert, hor and circ are explained in the text.
Standard deviations between brackets.

ing gestures (verticalF'(1, 18) = 48.710, p < .01 and horizontal:
F(1,18) = 29.689, p < .01).

4. Discussion

We have described a production experiment conducted in a natural,
interactive setting where subjects produce distinguishing descrip-
tions for selected target objects. The experimental results, contrary
to our expectation, indicate that speakers always include pointing
gestures in their descriptions regardless of the difficulty of the tar-
get and the distance to the target. This could be a result of the fact
that we equipped the subjects with a stick with which they could
point, or simply because the task itself provokes pointing gestures.
When the target is close, speakers tend to point only once in the
direction of the target in a static fashion. When the target is located
at a larger distance, the variability in the kind of pointing gestures
increases. Surprisingly, speakers use more pointing gestures to re-
fer to difficult targets in contrast to easy targets. We did not expect
this, since Fitt's law (Fitts 1954) would suggest the opposite. A
closer inspection of the data shows that the extra pointing gestures
are directed to relata and not the target. Furthermore speakers vary
the linguistic part of a multimodal referring expression depending
on the distance and the kind of pointing gesture they apply. When
the target is close, speakers reduce the linguistic material to almost
zero, whereas subjects tend to produce overspecified descriptions
if the target is located further away (in line with earlier work by,
for instance, Pechmann 1989). This can be due to the inherent un-
certainty of imprecise pointing. Speakers may not be sure whether
the imprecise pointing act is sufficiently clear and to guarantee that
their reference will be distinguishing they include additional infor-
mation. As expected descriptions of difficult targets, often contain

adjectival properties. As future work we will adjust our algorithm
for the generation of multimodal referring expressions (Krahmer
and Van der Sluis 2003) to the results of the empirical findings re-
ported on in this paper.
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