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Studies into full integration of language and action 

Carla Huls & Edwin Bos1 

1 NICI, University of Nijmegen, PO Box 9104 HE Nijmegen, The Netherlands. 
Email: huls@nici.kun.nl 

Abstract 

In this paper we argue for conducting empirica! studies into the actual use and useful
ness of multimodal user interfaces. We have started formulating some important questions 
and attempting to answer three of them using the prototype multimodal user interface 
EDWARD. We investigated questions concerning efficiency, experience, speed, and error 
for multimodal and unirnadal interaction. The preliminary results indicate that multi
modality is indeed a useful approach. 

Key words: multimodal user interfaces, empirica! studies, linguistic output, language 
mode interface, action mode interface. 

1 Introduetion 

The combination of natura! language (NL) and direct manipulation (DM) is so interesting 
that numerous papers about multimodal systems have been approved of by reviewers of 
human-computer interaction (HCI) joumals and conference proceedings (e.g., [Huls, Bos, 
and Dijkstra, 1994]; [Allgayer et al., 1989]; [Stock, 1991] even though they lack proof that 
this approach actually is useful to the user. Although it is valuable to know that multimodal 
interfaces can be made, we rnaintaio that for HCI their main value lies in their benefit to 
users. Analytica! approaches to support the claim of usefulness of multimodality are numerous 
([Desain, 1988]; [Walker, 1989]; [Hutchins, 1989]; [Cohen, 1992]; [Claassen, Bos, and Huls, 
1990]; cf. Section 3), but actual empirica! tests and camparisans of unirnadal and multimodal 
interfaces can not be found in the literature. 

In this paper we use the term mode to refer to the distinction between the use of language 
to interact versus the use of action. Interaction style is used for different instantiations of these 
modes, e.g., naturallanguage, command language, and menus for language mode interfaces, 
and direct manipulation for action mode interfaces. 

A fully integrated multimodal interface combines the benefits from both modes by offering 
a series of interaction styles for one task and combining the language and action modes. Fully 
integrated multimorlal interfaces allow the user to choose, at any time during the interaction, 
the interaction style that suits best at that moment. Consequently, there is no distinction 
between the availability of interaction styles in different situations. In such an interface, all 
interaction styles are available at all times. 

In order to examine the usefulness of multimorlal user interfaces, we first describe ED
WARD, a fully integrated multimodal user interface. Next, we present some theoretica! 
analyses of the advantages of combining language and action in such a user interface. In 

161 



Section 4, we then show some results of several user studies with EDWARD: What do the 
users actually do? Do they make use of the freedom of interaction style usage? Do they like 
it? Finally, we describe the conclusions and provide some more research questions. 

2 Overview of EDWARD 

EDWARD integrates two subsystems, each providing unirnadal interaction, sharing a dialogue 
managerand knowledge sourees ([Huls, and Bos, 1993]; [Huls, Bos, and Dijkstra, 1994]; [Bos, 
1993]). EDWARD is implemented in Allegro Common Lisp and runs on a DECstation. 
EDWARD is a generic, domain independent interface. lts current domain is a hierarchical 
file system consisting of various types of reports, email messages, directories, etc., but its 
knowledge sourees have been designed such that switching to another domain is easy. 

The user can manipulate the objects in the domain in four ways: by mimicking actions 
on selected objects, · by seleèting actions· froin menus,· by · èntering commands in a cammand 
language, or by keying in Dutch sentences. Each of these ways can he used individually, but 
two of them can also he combined in one multimodal expression, e.g., by typing expressions 
like "put them there /". The manipulation of the objects in each way results in an update 
of the model world as well as in an update of the internal knowledge base. In our example 
domain, this usually implies an operation on the file system . 

. ~ 
• nic -dir 

~~ == - qr...-r_chack•r• tria I 
[[J [[J El El lpf 

poet-Jca•t 9enerat ie over - 1 inep don-t.xt 

Invoer: lo dit een ntpport? 

Uitvoer: nee, het io een dlooertatle. 

lnv...,: I 

Figure 1: snap shot of a session with EDWARD; the user has selected the file icon labelled 
ipf, and subsequently entered: "Is dit een rapport?" (Is this a report?) EDWARD replies: 
"Nee, het is een dissertatie." (No, it is a dissertation.). 

Figure 1 illustrates how the user can interact with EDWARD. The computer screen is 
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divided into two areas. The area occupying most of the screen is the grapbics display: a 
window called Modelwereld (Model World). The tree shown in Figure 1 represents a hierarchy 
of directories (depicted as bookcases), and files (e.g., reports, papers, email messages, and 
hooks). The viewport shows only part of the model world, which, in principle, extends 
indefinitely. In the bottorn right corner of the viewport, a garbage container and a copier 
are displayed. The bear icon, at the bottorn in the middle, represents the system itself 
(i.e., EDWARD). The OK button in the bottorn left corner was added for use during our 
experiments only. Using a mouse, the user can manipulate the graphical representation of 
the domain objects. At the bottorn of the Model World window, a mouse documentation 
bar is presented. Object-specific menus appear also in the Model World window at the user's 
request. In the bottorn area of the screen is the language interaction window labelled Dialoog 
(Dialogue), where Invoer and Uitvoer mean "input" and "output", respectively. Here the user 
can enter natura! and cammand language expressions and the system displays its linguistic 
output. 

3 Theoretica! analyses of the usefulness of full integration of 
interaction styles 

3.1 Comparison with reallife 

In everyday life, people achieve their goals either by doing the appropriate tasks themselves 
or by delegating them to others. Although the nature of a task usually provides a reasanabie 
clue for deciding whether to delegate or not, the context in which the task is performed also 
plays an important role in this decision. People usually, for example, prefer to delegate search 
tasks, but when they search on the Internet for information about a braad topic they might 
prefer to search themselves. Moreover, each type of means has its own virtues and limitations. 
For example, it sametimes takes langer to explain to samebody what you want than to do it 
yourself. Although, however, mostly both types of means are available, people do not seem 
to have major difficulties in selecting a way for achieving their goal. 

Unlike in daily life, however, users of computer applications are aften only affered one 
means for achieving their goal. In cammand language interfaces, the user always must describe 
the task he wants to delegate, regardless of, for instance, the length or difficulty of the 
command. In action mode interfaces, however, the user has to do everything himself, including 
the (sometimes very tedious) search for a particular object. Fully integrated multimodal 
interfaces always offering the user both language and action to accomplish his goals seem an 
obvious impravement making the interaction between a user and a computer more like normal 
day to day human interaction. 

3.2 Advantages of fully integrated multimorlal interfaces 

Adding a model world to a language mode interface resolves problems with respect to main
taining a mental model of the system state and with respect to laborious referential ex
pressions. Adding language to an action mode interface aids in resolving the following four 
inherent problems of action mode interfaces. 

First, action mode interfaces have problems guiding the user's attention to changes in the 
world. In a multimodal environment, language in combination with simulated pointing ges
tures can guide attention. EDWARD, for instance, simulates the arm and hand movements 
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which occur in human pointing behaviour. EDWARD animates a growing arrow simultane
ously with printing the pronoun of a noun phrase (NP), for example, simultaneously with 
"this" in "this / file". In this way, EDWARD mimics the strategy that [Marslen-Wilson, 
Levy, and Tyler 1982) observed in human pointing in real-world situations. 

Secondly, a model world does not allow for the possibility to abstract from the 'here and 
now' of it ([Walker, 1989]). Objects outside the current viewport are not directly available; 
neither are objects in states prior to the current one. They can only be accessed (if at all) 
by additional actions (e.g., scrolling). Offering language for the user's input as wellas the 
system's output enables both the user and system to refer to objects and actions that are not 
present in the current model world. 

A third problem of action mode interfaces addressed by full integration of modes is the 
limited capacity of representation systems. For example, not all attributes of a file can 
be revealed by its icon. In contexts of high information density, it is impossible to design 
representations such that ·all types · of information are immediately accessible. , · EDWARD 
generates linguistic descriptions of the user's activities in the model world. We eaU this part 
of EDWARD the SLO. Supplementallinguistic output provides additional information, that 
is, information that is not already visible. SLO is particularly useful to prevent the user from 
making reference errors. Wh en a user hears ( or reacis) the NL descriptions of his actions in 
the model world, he may notice at an early stage whether or not he is acting as intended. lf 
he perceives the description "you are about to delete Koen's dissertation" while dragging a 
file icon to the garbage container, he may realise that he made a reference error and should 
in fact have selected another file icon. 

A fourth problem of action mode interfaces concerns the interpretation of the meaning of 
objects and actions. In many desktop interfaces, for example, icons can not be dragged off 
the desktop. However, these systems fail to informtheir users why their action is constrained. 
Furthermore, the meanings of icons are not always clear for everyone. Icons which are normal 
in our culture may be unclear to other cultures. Language adds the possibility for the user 
to ask questions about the objects and the possible actionsin the specific domain and for the 
system to generate descriptions of these. 

4 Empirica! data 

The analyses presented above overlook the fact that the user over and over again has to decide 
how to accomplish the present goal: drag and drop icons, use naturallanguage, or select menu 
items? It should be investigated empirically how taking this decision, either consciously or 
unconsciously, affects the interaction. Many questions concerning a.o. the· usefulness, pleasure 
and speed of using fully integrated multimorlal user interfaces should be answered. 

We can not pose nor answer all these possible questions. Several of these questions have 
been investigated, e.g.: Does style selection slowtheuser down? Does the user feel a cognitive 
burden? Does the user make use of the freedom of interaction style usage? Does the user like 
the freedom? Does the user select the most efficient style? What interaction styles are chosen? 
What infl.uences the selection of interaction styles? Do users choose the same interaction style 
in the same situation? Does the interaction behaviour change over time? Does supplemental 
linguistic output help to make the interaction faster and less error prone? The results of these 
studies are presented below. 
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4.1 Efficiency and speed 

Although full integration of language and action provides the user with the possibility to 
interact very efficiently, it may also lead to inefficient or slow interaction. [Huls, Bos, and 
Damen, 1993] have investigated whether two factors, object namelengthand object visibility, 
influence the efficiency and speed of interaction style use. 

They defined the efficiency of an interface style for a particular task in terms of the number 
of actions (keystrokes, mouse movements etc.) the user has to perform to complete that task, 
relative to the number of actions needed in an alternative style. The more actions the user 
has to perform to complete that task, the less efficient the style1. For example, the efficiency 
of linguistic input relative to action input increases as the number of characters to he typed 
becomes smaller. The tasks chosen for this experiment were all purely routine tasks. In the 
experiment the efficiency of styles was manipulated in terms of two variables, that concerned 
characteristics of the target object in the task. 

The first variabie was object name length (NLE). The longer an object name, the more 
key strokes it takes to refer to it by name. Language will thus become less efficient. The effect 
of NLE on the efficiency of action is expected to he only marginal. There might he an effect 
of NLE on object discriminability (because a larger name is spotted much easier than a short 
name, when displayed between short names) but this effect was assumed to he negligible. 

The second variabie was object visibility (VSB). An object in the experiment could either 
he in the current viewport, i.e. visible, or outside the current view port. Off-screen objects 
require one or more scrolling actions in order to he manipulable, while on-screen objects do 
not. The efficiency of action therefore increases with the visibility of the target object. On the 
other hand, the efficiency of the linguistic style is not influenced by visibility because naming 
the object requires the same number of actions irrespective of whether the object is visible or 
not2 • Therefore the efficiency of the action style, as compared to that of the linguistic style, 
is maximal when the target object is visible. 

In this experiment, the multimodal interaction style combining language and pointing in 
one expression, was never the most efficient style, therefore the use of this style was expected 
to he rare. 

In addition to the efficiency question, [Huls, Bos, and Damen, 1993] tried to answer 
the question whether users who had a free choice of interaction style were actually faster 
in completing the tasks than those who were restricted to only one interaction style. The 
independent variabie in this analysis was whether or not users were allowed to use different 
interaction styles for completing each task. The dependent variabie was the amount of time 
needed to complete all twenty tasks. 

Procedure 

Eighty-eight randomly selected first year students were randomly distributed over the four 
conditions. They had little or no computer experience; some had experience with the word 
processing package WordPerfect, none were frequent computer users or had experience with 
more than one operating system. 

1The users were asked to perform routine tasks; therefore we did not include mental effort in the opera
tionalization of efficiency. 

2The narnes of the objects were printed on the task form; it was assumed that the users had no difficulty 
remembering them. 
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EDWARD's model world was presented comprising a hierarchy with four levels of direc
tories and files. It was three sereens wide. The total number of objects in the model world 
was 34: 12 bookcases, 7 files with a long name (more than 8 characters), and 11 files with a 
short name (3 or 4 characters); the remaining files had narnes of medium length. Only the 
18 files with long and short narnes and some of the hookcases were used as target objects. 

All subjects received the same tasks: copying, deleting and moving files to anotheri direc
tory (bookcase). There were five groups of four tasks each, presented in randomized order: 

1. ON screen objects with a LOng name. 
2. ON screen objects with a SHort name. 
3. OFF screen objects with a LOng name. 
4. OFF screen objects with a SHort name. 
5. Objects referred to by POsition ON screen. 

(ON-LO) 
(ON-SH) 

(OFF-LO) 
(OFF-SH) 
(ON-PO) 

The subjects were instructed about the methods they could use •to mani pulate files. 
Depending on the condition, they were told that they could only use a fixed set of sentences 
(no paraphrases), a fixed set of mouse-actions, or a fixed set of combinations of these. For 
instance, when moving a file to another directory, the only type of command allowed was 
"move file name to directory name". An utterance such as "put file name in directory name" 
was not allowed, even though the system would have in terpreted this utterance correctly. 

The subjectsin the RESTRlCTED conditions were familiarized with one interaction style 
only. Furthermore, only one expression was allowed for each task, e.g., only the phrase 
delete this, combined with a mouse selection, was allowed when deleting an object in the M 
condition. In the L condition, subjects were instructed to key in the commands. In the A 
condition subjects were confined to the action style (object selection and manipulation). In 
the M condition only the combination of keying in commands and graphical selection was 
instructed. 

During a practice session the subjects were trained to produce all utterances in all three 
styles. The practice session ended as soon as the subjects were fully aware of the possibilities 
and no other than the prescribed utterances were generated. 

Finally, each subject received a task form containing a list of the 20 tasks: The subjects · 
were requested to complete each task with one of the utterances they just had been practising, 
as accurately and as fast as possible. 

Results 

The frequencies of the interaction styles used for the 16 tasks in the FREE condition are 
presented in Table 1. 

The results of a MANOVA indicate that the subjects applied the action style more readily 
if the object is visible on the screen (F= 24.93, significant on the .01level). Visibility, however, 
does not affect the choice of the multimodal interaction style (F= .21). Furthermore, long 
object narnes caused the subjects toselect the language style lessoften thanshort narnes did 
(F= 18.71, significant on the .01 level). 
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Table 1. The frequencies of interaction styles intheFREE condition (8 tasks in every cell, 22 subjects). 

Long Narnes Short Narnes Tot al 
On Screen A 46 33 79 

L 25 52 77 
M 17 3 20 

Off Screen A 23 9 32 
L 50 76 126 

M 15 3 18 
Tot al A 69 42 111 

L 75 128 203 
M 32 6 38 

In order to determine whether the subjects intheFREE condition were faster than those in 
the RESTRICTED conditions, Table 2 shows the times the users needed to complete the 20 
tasks in the four conditions. 

Table 2. Means, standard deviations of time needed per group, and t-values for contrasts between 
RESTRICTED groups and FREE group. 

Groups 

RESTRICTED (L) 
RESTRICTED (A) 
RESTRICTED (M) 
FREE 

mean standard 
completion deviation 
time 
(seconds) 
498 123.49 
395 86.12 
629 128.47 
512 129.47 

1- values 
RESTRICTED-FREE 

.340 
3.53 
2.99 

Significanee 
level 
(2-tailed 
probabilities) 
0.732 
0.001 
90.005 

A oneway ANOVA shows a significant difference between the mean execution times (p < 
0.0005). The RESTRICTED-Action group is significantly faster than the FREE group; the 
RESTRICTED-Multimodal group is significantly slower. The small difference between the 
Language and FREE condition is not significant. 

Condusion 

The data of the experiment with EDWARD showed that the users are inclined to use efficient 
interaction styles. Long object narnes induce subjects to prefer the action style where objects 
are selected by pointing and mouse clicks. Furthermore, when it is difficult to locate an object 
on the screen, subjects tend to prefer the language style. However, it was found that this 
does not make the interaction faster. 

4.2 Supplemental Linguistic Output 

Linguistic conveyance of information that can not he provided through grapbics may prevent 
many errors in the interaction with these interfaces. [Huls, Bos, and Dijkstra, 1994] have 
presented an empirica! study of SLO which generates natura! language descriptions of the 
objects the user is manipulating and the actions he is performing. These descriptions can he 
presented both in the visual and auditory channels. 
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Thirty-three psychology students participated in the experiment. The subjects were coun
terbalanced between four different versions of EDWARD. These versions differed in that the 
linguistic descriptions generated by the SLOwere either absent (No Output Condition), typed 
in the 'Description' window (Typed Only Condition), spoken by the speech synthesizer (Spo
ken Only Condition), or simultaneously typed and spoken (Typed and Spoken Condition). 
In the No Output Condition and the Typed Only Condition, the elaborate descriptions that 
could he requested from the menu by all users, were typed in the Description window. In 
the Spoken Only Condition and the Typed and Spoken Condition they were both typed and 
spoken. 

The content and form of the typed and spoken descriptions were exactly the same. The 
descriptions were given whenever a subject performed an action in the model world, e.g., 
selected or copied an object. lf for example a subject selected the report labeled gram
mar_checkers in Figure 1, SLO immediately presented supplemental information about this 
object, in this case the file type, the author and the topic: 'het onderzoeksrapport van Alice 
over grammatica' (the research report by Alice about grammar). 

Procedure 

At the beginning of the experimental session, each subject was introduced to EDWARD and 
received a short instruction {10 min) in which the basic operations including the DESCRIBE 
option were presented. The function of automatic SLO was not mentioned. 

Twenty-five tasks were presented one by one in the window at the bottorn of the screen. 
Every time the user clicked the 'ok' button, the next task was presented. The tasks comprised 
copying, moving, and deleting files. The files were referred to either by name or by definite 
description, e.g., 'Move the letter OVER..SPIN to DESMEDT', or 'Copy the research report 
by Wim ah out interaction'. The referential definite descriptions were chosen such that they 
resembied the file names: e.g., the research report by Wim about interaction was named 
INTER-2. However, to induce errors, in ten cases there were two or more file narnes in the 
system that were very much alike. For instance, there was also a research report written by 
Edwin about interaction which was called INTER-1. In order to correctly execut~ these tasks 
the subjects had to·make use ofthe information·conveyed to.them through the SLO, or obtain 
that information by calling the DESCRIBE-function from the menu. 

The subjects were asked to complete the tasks accurately and fast. A background com
puter program logged all user actions, scored the number of errors (i.e., the number of times 
the subject manipulated files that did not correspond to the description) , the time the sub
jects. needed for each individual task and the overall time to complete the twenty- five tasks. 
After completing the tasks, the subjects filled out an evaluation form. 

Results 

Table 3 shows, per condition, the mean number of errors, the mean time to complete the 
experimental tasks in seconds and the mean number of times the DESCRIBE-option was 
selected in the menu. At the bottorn row (Total-SLO) the data of the SLO conditions are 
combined. 
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Table 3. The mean data per condition. 

mean number mean number mean number of 
of errors of seconds selection of the 

describe option 
No Output 1.1 1717 22.9 
n=8 
Typed and Spoken 2.25 1599 3.6 
n=8 
Spoken Only 0.75 1772 9.6 
n=8 
Typed Only 2 1384 5.5 
n=9 
Total-SLO 1.67 1585 6.2 
n=25 

Unfortunately, some of the subjectsin the Typed Only Condition did nat use the descriptions 
provided by the automatically generated SLO, and some of the subjects in the Typed and 
Spoken Condition totally ignored the spoken descriptions provided simultaneously ( or in 
fact a little later) with the typed descriptions. Consequently, it was decided to adapt the 
data in such a way that they would reflect the actual behaviour of the subjects (cf. Table 
4). The data of three subjects were transferred from the Typed Only Condition to the No 
Output Condition, and the data of four subjects were transferred from the Typed and Spoken 
Condition to the Typed Only Condition. 

Table 4. The adjusted data. 

mean number mean number mean number of 
of errors of seconds selection of the 

describe option 
No Output 2.27 1665 19.27 
n=ll 
Typed and Spoken 1.75 1620.5 3 
n=4 
Spoken Only 0.75 1772 9.6 
n=8 
Typed Only 1.4 1419 3.8 
n=10 
Total-SLO 1.3 1604 5.5 
n=22 

From this table it shows that the time it took for the subjects to perfarm their task was the 
shortest for the Typed Only Condition, foliowed at a distance by respectively the Typed and 
Spoken Condition, the No Output Condition, and the Spoken Only Condition. The smallest 
number of errors was found in the Spoken Only Condition foliowed by respectively the Typed 
Only Condition, the Typed and Spoken Condition , and the No Output Condition. After 
adding the scores for the three conditions in which the automatic SLO was available (Total
SLO in Table 4), it showed that the subjects who did use the SLO were faster and made 
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less errors than those in the No Output Condition. As could be expected, the subjects in 
the No Output Condition used the DESCRIBE-option in the menu most frequently, foliowed 
respectively by the Speech Condition, the Typed Only Condition, and the Typed and Spoken 
Condition. 

Condusion 

The results show that linguistic descriptions provided by automatic SLO indeed help the sub
jects to perform the experimental tasks. The subjects that have the SLO at their disposal use 
less time, make less errors and have to perform less actions. When information is provided 
through the visual channel only, the interaction is fast and not many errors are made. U nfor
tunately however, subjects sometimes do not notice the SLO descriptions. When information 
is presented through the auditory channel only, the least number of errors is made, but on the 
other hand the ra te of interaction slows down importantly. When the information is conveyed 
through both channels, speech eoereed the subjects into reading the typed descriptions. In 
this condition, however, subjects made more errors than when the descriptions were only 
typed or spoken. 

4.3 Experience 

The users we saw thus far were all novice users of the EDWARD system. They did not 
have any prior experience with the system nor any experience with the freedom of interaction 
styles. In a third experiment we looked at the influence of experience on interaction style 
usage. We have investigated whether the use of interaction styles will change after a few 
elaborate training sessions. 

Procedure 

Thirty-three subjects participated in a Pretest, three training sessions, and a Posttest at the 
end. In the Pretest, the experimenter briefly described and demonstrated the four different 
interaction styles the users could use: 

Action A briefdescription of the method for manipulating objects, selecting and dragging, 
was given. 

Menus The experimenter showed how an object could be selected, how object specific 
menus could be displayed, and how to make a choice from their options. 

Language The experimenter pointed at the dialogue window and told the subjects that 
normal, natura! Dutch sentences could be typed in in order to ask questions and to give 
commands to EDWARD. He told the subjects that the system would also respond in Dutch. 
Additionally, subjects were explicitly instructed to move the mouse cursor to the dialogue 
window before typing a command. 

Multimorlal input The experimenter instructed and showed how language and pointing 
could be combined in one expression. The order of the pointing action and the deictic reference 
in a multimodal utterance was told not to be important. The order of these instructions was 
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randomized between subjects. The short introduetion to EDWARD was foliowed by eleven 
task instructions (see Table 5). 

Table 5. The task instructions 

1) Determining the contents of a certain closed bookcase. 
2) Formatting the screen. 
3) Getting information about the author of a certain file. 
4) Deleting a file or a bookcase. 
5) Searching a file about ... 
6) Creating a file or a bookcase. 
7) Moving a file to another bookcase. 
8) SeraHing the screen. 
9) Copying a file. 
10) Moving a file. 
11) Getting information about a file. 

A style was scored as being language, multimodal, menu or action. Additionally, some com
ments, made by the subjects, were noted down. 

After the Pretest each subject participated in three training sessions. These sessions 
took about 45 minutes each and were held on three consecutive days. During each session, 
elaborate instruction and training was given on how to operate the various interaction styles. 
The language style was extensively demonstrated with emphasis on the words and syntactic 
structures that could be employed in a linguistic utterance. The subjects were allowed to 
experiment with different styles and with different expressions. The various types of feedback 
by the system were shown. Special attention was given to the error reports from the system 
and to methods for correcting errors, for instance, how to replace words unknown to the 
system by known ones. Furthermore, we showed the effects of all selectable menu options. 
We also demonstrated all methods for changing the system state by manipulating the icons 
on the screen. Each time a new style or a new explicit expression was shown, the subjects 
practiced the new style or expression and their alternatives. At any time the subject could ask 
questions. The order of instructions and demonstrations of different styles and expressions 
varied between subjects. 

The last ten minutes of the last training session were spent on an evaluation test. The 
subjects were given a number of tasks and asked to complete these tasks in as many ways 
as possible. This evaluation test was nat standardized. lts goal was to provide an indication 
as to whether the subjects had acquired the desired capabilities. All subjects proved to have 
mastered the desired level of expertise. 

During the sessions we never mentioned any advantages or disadvantages of the interaction 
styles. Moreover, we did nat provide any guidelines as to which interaction style wasthebest 
one to choose. 

Two days after the last training session a Posttest took place. The procedure for this 
Posttest was identical to the procedure of the Pretest. The tasks were the same, but they 
occurred in a different order and affected different objects (files and directories). 
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Results 

On both the Pretest and the Posttest the interaction styles used were scored. The results are 
presented in Table 6. 

Table 6. Total number of times each of the interaction styles was used in the Pre- and Posttest. 

Interaction Style Pretest Posttest 
action 37 26 
language 24 21 
multimorlal 5 18 
menu 11 12 

The results show that experience does hardly change the number of times the users use 
language or menus. However, the number of times action is used decreased with almost same 
amount as the multimorlal interaction style increased. Furthermore, action is the most used 
interaction style, while menus and multimorlal interaction are used less. 

Condusion 

We conclude that experience does make a difference in interaction style use. Especially the 
number of times action and multimorlal interaction are used changes over time. Where action 
decreases, the usage of the multimorlal interaction style increases with approximately the 
same amount. The data did not provide an indication why the interaction changed this way. 
We tentatively, conclude that full integration of interaction styles is beneficial because users 
can ( and do) change their preferred interaction style. 

5 Conclusions 

Only a few questions into the actual use and usefulness of fully integrated multimodality 
have been investigated so far ( and even those that have been investigated were of limited 
scope only). The experiments should be repeated with moresubjectsin real world tasks and 
other, more elaborate multimorlal systems. Furthermore, the experiments described merely 
show a small part of the possible problems and advantages of these interfaces. The main 
question whether full integration of action and language in a multimorlal user interface is 
indeed beneficial for each user in every situation can not be answered, yet. Many questions 
have not yet been addressed, and we think that finding empirical answers to many of them 
will require very complicated and laborious experiments. 

However, wethink the currently collected data described in this paper indicate that fully 
integrated multimodality is indeed a useful approach. In the first experiment, we found 
no negative effects of the freedom for the user, i.e. the interaction was not inefficient nor 
very slow. Secondly, we saw that SLO decreases the number of errors and the time needed. 
Finally, we have described an experiment in which we found that experience changes the 
usage of interaction styles. Further empirical research with more complex domains, with 
other tasks, and with more subjects, is required. 
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Abstract 

This paper describes an empirica! study on what kinds of information are appropri
ate for referent identification requests in multi-madal dialogs, and how that information 
should be communicated in order to achieve the request desired. We conduct experiments 
in which experts explain the installation of a telephone in four situations: spoken-mode 
monolog; spoken-mode dialog; multi-madal monolog; and multi-madal dialog. Referent 
identification requests could be well analyzed from two perspectives: information com
municated and the style of goal achievement. We find that there is a close relationship 
between the information conveyed via different communicative modes, and sketch a model 
that explains these results. In the model, information cannot be divided into the semantic 
content conveyed and the communicative modes employed, and is treated as the primi
tive unit for consideration. Pointing is considered as information in this sense. We also 
find that in dialogs, especially in spoken-mode dialogs, the speakers realize identification 
requests as series of fine-grained steps, and try to achieve them step by step. 

Key words: reference, pointing, utterance generation, explanation dialog. 

1 Introduetion 

Two kinds of actions are ubiquitous in every dialog: referent identification, by which the 
hearer identifies the object described linguistically by a noun phrase or pointed to through 
a physical action, and referent identification request, by which the speaker makes the hearer 
identify the referent. Especially in instruction-giving dialogs on physical objects, these actions 
appear frequently and play a central role. As a consequence, all multi-modal dialog systems 
have to have a framework to realize referent identification requests. 

An interesting point is that there is no agreement between researchers on how referent iden
tification requests should he realized. According to the relationship between communicative 
modes, COMET's media coordinator decides which portion of a given semantic content should 
he realized in which mode[Feiner and McKeown, 1990]. The relationship of communicative 
modes is limited to only the aspect of how to communicate a given content. By contrast, 
in the framework proposed by Maybury, during planning for achieving a mode-independent 
rhetorica! goal, mode allocation and content selection are achieved simultaneously, and can 
co-constrain[Maybery, 1993]. In the examples shown in [Maybery, 1993], however, he used 
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Figure 1: Experiment setting for multi-modal dialogs 

the same schema for linguistic identification requests, independently of whether visual actions 
could be used. Based on this example only, he looks to treat visual identification requests such 
as pointing actions as just supplemental; they have no effect on linguistic requests. On the 
other hand, WIP uses cross-modal references, the references between modes that are possible 
only when the system can utilize more than one mode[André and Rist, 1994, Wahlster et al., 
1991]. 

Several systems have different criteria on what reference expression should be preferred. 
For example, [Neal and Shapiro, 1991] claim that graphic/pictorial presentation is always 
desirable, and that naturallanguage can always be used as a last resort. In [Claassen, 1992], 
contextual factors such as salienee play an important role, while whether the object is cur
rently visible or not is taken into account towards the bottorn of the decision tree. Although 
it is obvious that these criteria depend on the domains that the systems are concerned with 
and do not need to be identical, some criteria based on empirica! studies is needed. 

The objective of our research is to empirically determine what kinds of information are ap
propriate for referent identification requestsin multi-modal dialogs, and how that information 
should be communicated. The long term goal of this study is to provide_ useful suggestions 
for designing more sophisticated multi-modal dialog systems. ·cohen also pi~ked up refere.nt 
identification requests and compared the kinds of speech acts used to achieve them for two 
dialog situations; keyboard dialog and telephone dialog[Cohen, 1984]. Our research not only 
extends the situations considered to the multi-modal one in which conversants have audio 
and visual channels, but also considers the kinds and amounts of information used for ref
erent identification and clarifies how they are influenced by the communicative modes and 
contextual factors. Moreover, elaboration related phenomena and the roles of the addressee 
are also examined. 

2 The Experiments and the Corpus 

Experiments were conducted to obtain the corpus needed to design multi-modal dialog sys
tems. The task is the instanation of a telephone with an answering machine feature. In this 
task, the telephone set is unpacked, then eight settings, such as checking the volume, adjust
ing the doek and recording a response message, are accomplished. Finally, some function 
buttons are explained. 
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Expert's 
Pointing 

Apprentice's 
Pointing 

Display1 
(Expert-Side) 

I ~~~~~~~~~~~~~ Display2 L (Apprentice-side) 

Figure 2: Schematic view of the expert-side display 

In order to consider the effect of communicative modes and level of interactivity, we 
recorded explanations in four situations: SD (Spoken-mode Dialog), MD (Multi-modal Di
alog), SM (Spoken-mode Monolog) and MM (Multi-modal Monolog). In all situations, the 
experts were able to handle the telephones in front of them freely. In the dialog situations, 
SD and MD, each expert conversed with a remote apprentice to lead him/her through instal
lation. In the monolog situations, SM and MM, the experts verbalized the instructions with 
no audience in the setting that an apprentice will follow his/her instruction afterwards by 
listening to an audiotape in SM or watching a videotape in MM. 

In SD and SM, explanations were given using just voice; head sets were used for voice 
transfer or collection. In the multi-madal situations, bath voice and visual information could 
he communicated. MM had a video camera record the telephone in front of the expert 
and his/her pointing actions. In MD, a deliberately designed combination of video cameras 
and displays allowed the conversants to communicate and share the view of the expert-side 
telephone and bath conversants' pointing actions. Figure 1 shows the setting in MD. The 
picture of the expert-side telephone and the expert's pointing actions to it is taken by Camera 
1, and is displayed on Display 2. The apprentice watches the picture on Display 2, and can 
point to it. This action is captured by Camera 2 and is displayed on Display 1. As the 
result, as shown in Figure 2 schematically, the expert can see his/her own telephone and 
his/her pointing actions and also the apprentice's pointing. This is similar to face-to-face 
dialog situations except for the absence of eye contact and various body movements. It is 
worth noting that this situation accurately simulates a user working with a multi-madal dialog 
system with speech output and video display, that accepts user's voice input and pointing 
actions to items on the display. 

Five experts participated in the experiments. Each expert made eighteen explanations: 
six each for SD and MD, and three each forSMand MM. 90 explanations were obtained in 
total. 60 apprentices received one explanation apiece. Miscellaneous constraints campelled 
the experiment to be divided into two parts. First, SD dialogs were recorded. Four months 
later, MD dialogs and bath SM and MM monologs were recorded. In bath sets of experi
ments, the experts and experiment controllers gathered on the day prior to the recording. 
Experts received an explanation about the items to teach and their rough order, read out the 
manual together, and conducted simulated explanations a few times. Thus the outlines of the 
explanations were almast same, i.e. independent of the experts. There was no instruction or 
suggestion on the explanation details and expressions they were to use, however. Moreover, 
various situations took place initiated by failures of settings and apprentices' responses. The 
average explanation lengths were 27' 57" for SD, 25' 59" for MD, 22' 27" forSMand 21' 13" 
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for MM. All explanations were done in Japanese, and this paper provides their direct English 
translations. 

3 Referent Identification Requests Recorded and their Cod
ing 

As a preliminary step, for each expert we selected three SD and MD explanations and two SM 
and MM explanations, 50 explanations in total. First, we picked out referent identification 
requests made for setting some thing, such as checking the volume, adjusting the clock or 
recording a response message. The referent identifications so extracted contained descriptions 
of the object to be identified and the subsequent explanation or request of the appropriate 
physical action to be performed upon it. For example, an apprentice may be requested 
to identify the SET button and be instructed to push it. S/he may also be instructed to 
find the volume switch and set it lÓud. These situations are similar to the one described 
in [Cohen, 1984] and [Oviatt and Cohen, 1991], so we can campare results. The portion 
extracted is from the beginning of the explanation of an action to the point when the mutual 
understanding of the action seems to be established. It includes the additional utterances 
initiated by apprentices' implicit or explicit feedback. The extraction was done basedon both 
the transcript and audio/video tapes. In addition, explanations in multi-modal situations were 
annotated with accompanying actions like pointing. The following are examples of extracted 
identification requests. // shows the existence of the apprentice's back channel response or 
acknowledgment. Portions surrounded by square brackets are accompanied by actions like 
pointing. 

Then, first, um, open the cassette cover . // Then, I think buttons are 
lined in rows. //Push the SET button, the second one from the left. 
(situation SD) 

[First, open the cassette cover. {points to the main body then the cas
sette cover; opens the cassette· cover}] . Push . the SET button;· (sittiation MD) 

The extracted and annotated referent identification requests were scored and analyzed 
from the following two perspectives. 

3.1 Information communicated 

What kind of and what amount of information was communicated in each identification 
process? In this study, information was captured in its widest sense. First, a linguistic 
description of the proposition that concerns the features of the object is regarcled as the 
piece of information communicated. Such type of information includes descriptions of its 
shape, size, position, and so on. In addition, usage of a pronomina!, description of contextual 
information, and description of landmark objects are all regarcled as communicating some 
piece of information. As a pointing action conveys some visual information, it is also regarcled 
as information in itself. Information was divided into the following categories. 

pronominals pronominals including pronouns e.g. "this", "it". 
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context reference an indication that the object was already identified in the current dis
course. e.g. "that we used before" 

general name an object category name that identifies the type of thing but does not clearly 
identify which thing is being referred to. e.g. "button", "switch" 

proper name a name that distinguishes the object from others. e.g. "the SET button", 
"the telephone circuit selector" 

shape/size a description of the color, size and shape of the object. e.g. "red", "big" 

position a description about where the object is. e.g. "on upper right of the main body" 

characters/marks a description of the characters or marks attached on/by the object. e.g. 
"with the characters, OUT" 

fundions a description about the function(s) the object has. e.g. "for cantrolling the 
volume" 

related objects a description about a set that contains the object or a landmark around 
the object. e.g. "a group of buttons" 

others other linguistic information such as features of the set containing the object. e.g. 
"lined in two rows" 

pointing a pointing action to the object. 

All information except pointing were communicated through the audio channel, and were 
captured in the transcript. The appropriate portions were picked from the extracted referent 
identification requests, and were classified. In this study, wedefine the amount of information 
as the number of such portions and the existence of accompanying pointing. In the case of 
pronominals, general name and proper name, the number of tokens is used. In other cases, 
number of types is used. That is, in the latter case, a literal repetition that conveys the 
same content is counted just once. Obviously, it is considered as two pieces of information 
communicated in the case that two types of information of the same category, such as "on 
upper left of the body" and "above the dial buttons", appear in a referent identification 
request. In the case of pointing, only its usage was checked so that its amount is always zero 
or one regardless of its continuation time. 

This examination and enumeration also revealed that almost all usages of "this" in MD 
and MM were accompanied with pointing, and could be regarcled as cross-modal references. 

3.2 Goal achievement 

What type of surface speech act form was used in a referent identification request, and through 
what process was the identification request expressed and achieved? 

The first charaderistic examined in this perspective is what type of surface speech act 
form was used in a referent identification request. This charaderistic was also examined 
in [Cohen, 1984]. We examined whether a referent identification request is subsumed in the 
following action request as its case element without any clue, or is to be regarcled as an explicit 
goal and realized as a sentence. In the latter case, what kind of sentence is used was also 
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examined. Utterance forms were divided into the following categories. Referent identification 
is considered an explicit goal when NP fragment, Existential Prop., or Perception-base is 
used. This is not the case when Case is used. 

Case an unmarked noun phrase descrihing the object appearing in another request. e.g. 
"Push the SET button". 

NP fragment an utterance consisting of an isolated noun phrase descrihing the object. e.g. 
"The SET button, this is it, push it". 

Existential Prop. an utterance that asserts object existence, e.g. "There is the SET button 
on upper right of the ma in body". 

Perception-base an utterance that requests the addressee perform an action to make him/her 
aware of the object, such as looking and opening . . e.g. "Look at the upper right of the 
dial buttons. Push the SET button there". 

Others other types of utterances. 

The second characteristic examined is whether confirmation such as use of a tag question 
and an interrogative sentence, was made to check the accomplishment of the request 

The third characteristic is how often the expert used expressions closely related to elab
oration. The style and amount of elaboration relate the processes in order to achieve the 
referent identification requests, and were also examined in [Clark and Wilkes-Gibbs, 1990] 
and [Oviatt and Cohen, 1991]. In our study, elaboration related expression were divided into 
the following categories. 

Apposition an appositive expression, that is a noun phrase explaining the object expanded 
by a subsequent parenthetical noun phrase. 

Supplement a supplementary copula or a noun phrase fragment that explains the object 
. and follows a sentence or clause that contains a noun phrase explaining that object. In 
Japanese, as a Iriain verb follows its case element, appositions and supplements can be 
distinguished easily. The following two Japanese expressions, for an example, both have 
the almost same meaning as the English expression, "Push the OUT button, the red 
button." , one contains an apposition and the other contains a supplement. 

Apposition 
rusu botan, akai botan, wo oshite-kudasai. 
OUT button, red button, Obj push please. 

Supplement 
rusu botan wo oshite-kudasai, akai botan. 
OUT button Obj push please, red button. 

Replacement expressions that have the same syntactic structure as appositions or sup
plements but whose semantic content contradiets that of the one uttered immediately 
before and replaces it. For example, "push the leftmost button, rightmost one". Artic
ulation level errors, phonetic repair in [Levelt, 1983], are not included. 
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Table 1: Information communicated in initia! identification 

General Proper Shape Chars Rel 
Sit Pros 

Name Name Size 
Pos 

Marks 
Funcs 

Obj 
Others Pointing 

SD 1.01 1.45 0.68 0.34 1.08 0.70 0.11 0.29 0.18 -

MD 0.99 1.24 0.78 0.12 1.06 0.44 0.12 0.12 0.10 0.98 

SM 0.75 1.32 0.88 0.19 1.13 0.52 0.09 0.19 0.16 -

MM 0.95 1.21 0.91 0.14 0.90 0.34 0.13 0.13 0.11 0.86 

The above definition does not take it into account whether there is an utterance boundary 
somewhere in those expressions, though, as [Clark and Wilkes-Gibbs, 1990] pointed out, the 
existence of utterance boundary and the apprentice's implicit request of refashioning can be 
a clue for determining whether an elaboration is reactive or previously designed. Experts' 
intonation was also not taken into consideration. 

The fourth and last characteristic examined is the apprentices' contributions in dialog 
situations. The number and categories of apprentices' utterances were examined. The ut
terances were categorized into five categories: acknowledgments, which include back channel 
responses; repetitions with down intonation; follow-up questions including repetitions with 
rising intonation; spontaneous elaboration; and replacements. 

4 The Results 

This section shows the results on how the characteristics of referent identification requests 
described in the pervious sectionare infl.uenced by the available modes of communication and 
the level of interactivity. It is obvious that identification requests depend on the contextual 
factor of the referent. That is, initia! identification, which is used to make the first effective 
reference to an object must show different characteristics from other identifications, which 
are used to refer to objects already introduced. Accordingly, we first analyzed how objects 
were first introduced in order to examine, independently of the contextual factors, the com
municative modes available and interactivity dependency. Second, how referent identification 
requests depend on position in the discourse was examined. 

4.1 Initial identification 

How objects were first introduced was analyzed in order to examine, independently of the 
contextual factors, the communicative modes available and interactivity dependency. We 
examined the introduetion of twelve objects. 

Table 1 shows the results in terms of the amount and kind of information communicated. 
Each cell shows the average amount of information of a given type used in one reference. That 
is, information communicated in extracted referent identification requests were enumerated 
and classified according to the criterion described. The average number per identification 
request were calculated in each situation and each information type. Obviously, context '" 
references are not used and so do not appear in the table. Figure 3 shows the histogram of 
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Figure 3: Histogram of the total amount of information in initial identification 

the total amount of information, the number of pieces of information, communicated in one 
request for each situation. Figure 4 and Figure 5 show the ratio of usage of a given type of 
information in referent identification requests, as related to their total amount of information. 
For example, we can see that shapejsize information was used in 44% of references that 
communicated five or six pieces of information in situation MD. For all types of information, 
if no identification request was observed to communicating a given amount of information, 
its ratio was scored as 0%. The reliability of the ratios depends on the total number of 
identification requests made. These are the reasans why Figure 3 is shown. 

These results are summarized as follows. 

• Pointing actions accompanied by cross-madal references are used frequently in the multi-
madal situations, MD and MM. [from Table 1) -

• The amount of linguistic information used is smaller in the multi-madal situations, MD 
and MM, than in the spoken-mode situations, SD and SM. This effect is especially 
significant with shapejsize, charactersjmarks and related objects (F(1, 55) = 15.91, 
p < 0.001, F(1, 55) = 28.96, p < 0.001, and F(1, 55) = 10.17, p = 0.002 respectively). 
lt is also the case, but not so significant, for position (F(1, 55) = 5.19, p = 0.027). [from 
Table 1] 

These types of information, the usage of which is reduced in multi-madal situations, 
are used in spoken-mode situations only when references have a relatively large total 
amount of information. [from Figure 4 and Figure 5) 

Table 2, 3 and 4 show the results in terms of the style of goal achievement. Table 2 shows 
the percentage of those cases in which a given utterance form was used for identification 
requests. Table 3 shows the percentage of those cases in which confirmation was made in each 
situation. Table 4 shows the number of elaboration-related expression usages per reference in 
each situation. The result of the contributions of apprentices in dialog situations shows that, 
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Table 2: Percentage of utterance forms used in initial identification 

Sit Case NP Fragment Existential Perception Others 

SD 18 3 47 23 9 

MD 29 11 33 12 16 
' 

SM 42 7 32 8 13 

MM 38 20 20 5 17 

Table 3: Percentage of confirmation made in initial identification 

Sit SD MD SM MM 

with Confirmation 38 '19 3 2 

Table 4: Average number of elaboration-related expressionsin initial identification 

Sit Apposition Supplement Re placement 

SD 0.28 0.43 0.28 

MD 0.32 0.29 0.27 

SM 0.42 0.21 0.33 

MM 0.53 0.23 0.31 

in situation SD, the average number of apprentices' utterances per identification is 4.97, and 
92% of those are acknowledgments. In situation MD, the number of utterances is 3.36, and 
acknowledgments amount to 96%. In both situations, more than half the utterances, excluding 
acknowledgments, are follow-up questions including repetitions with rising intonation. These 
results are summarized as follows. 

• The utterance form used differs with the situation (x2(12) = 55.90, p < 0.001). Identifi
cation requestsas an explicit goal (i.e., NP fragments, Existential props. and Perception
base) appear most frequently in SD, next in MD and rarely in SM and MM. [from 
Table 2] 

• The frequency of using confirmation differs significantly with the situation (x2 (12) = 
65.43, p < 0.001). Confirmation appears most frequently in SD, next in MD and seldom 
in either monolog situation. [from Table 3] 

• Appositions are used frequently in monolog situations (F(1, 55) = 5.53, p = 0.022), 
especially in MM. Supplements are used frequently in dialog situations (F(1, 55) = 
12.11, p = 0.001), especially in SD. [from Table 4] 

• Apprentices utter more frequently in SD than in MD (t(59) = 6.21, p < 0.001). Non
acknowledgment utterances also appear more frequently in SD (z = 3.38, p < 0.01). 
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Table 5: Information communicated in the first, second and third identification 

The first identification 

General Proper Shape Chars Rel 
Sit Pros 

Name Name Size 
Pos 

Marks 
Funcs 

Obj 
Others Pointing 

SD 0.72 1.55 1.12 0.30 1.02 0.60 0.03 0.42 0.25 -

MD 0.83 1.13 1.08 0.03 1.03 0.43 0.05 0.08 0.12 1.00 

SM 0.48 1.00 1.15 0.05 1.15 0.53 0.00 0.18 0.20 -

MM 0.83 0.83 1.20 0.00 0.83 0.25 0.05 0.08 0.10 0.95 

The second identification 

General Proper 
Sit Pros 

Name Name 
Pos Pointing 

SD 0.06 0.17 0.89 0.02 -
MD 0.25 0.15 0.81 0.08 0.81 

SM 0.03 0.08 1.00 0.18 -

MM 0.31 0.19 0.88 0.09 0.81 

The third identification 

Context General Proper Chars 
Sit Pros 

Refs Name Name 
Pos 

Marks 
Pointing 

SD 0.05 0.10 0.17 1.03 0.23 0.05 -

MD 0.27 0.12 0.10 1.03 0.07 0.03 0.82 

SM 0.03 0.03 0.00 1.15 0.25 0.03 -

MM 0.18 0.03 0.03 1.05 0.08 0.03 0.83 

4.2 Contextual effect 

In order to identify how referent identification requests depend on position in the discourse, -
we examined the data in which four objects were identified at least three times: the first two 
times in the same setting task and the third time in another task. For example, the SET 
button is used twice for doek adjustment, and once for one-touch dial setting. As utterances 
made for different setting tasks can be regarcled as constituting different discourse segments, 
the third identification belongs to a discourse segment different from that of the first and 
second. 

Table 5 shows the kind and amount of information communicated as related to the first, 
second and third identification. Types of information not shown in the table was not used in 
any situation. We can see the following characteristics. 

• The amount of linguistic information radically decreases after the first identification. 
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The usage of pointing actions does not significantly decrease. 

• The amount of linguistic information used reeovers slightly in a new discourse segment 
(the third identification). Context references appear to be more frequent in SD and 
MD, (F(1, 15) = 4.29, p = 0.06), while position references seems to be more frequent in 
SD and SM (F(1, 15) = 6.82, p = 0.02). 

Although the raw data regarding the style of goal achievements is omitted for brevity, we 
found the following characteristics. 

• Identification requests were realized rarely, 10% or less, as an explicit goal in the second 
and third times in all situations. 

• Confirmations were not made at all in the second time references in all situations. In the 
third time identifi.cation, only 2% of references contain confirmation in dialog situations, 
and no reference contained confirmation in monolog situations. 

• Appositions and supplements were used less than 0.2 times per reference in the second 
and third time identifications in all situations. 

• The number of cases in which identification requests were realized as the explicit goal, 
confirmation, and the usage of appositions and supplements decrease dramatically in 
the second time identification, and very slightly reeover in the third time. 

5 Discussion 

5.1 Information communicated 

One of the findings in terms of the kind and amount of information communicated is that 
the availability of pointing, information communicated through a visual channel, reduces the 
amount of information conveyed through the speech or linguistic channel. There must be some 
relationship between these two types of information, which are conveyed via different com
municative modes. In initial identification, the usage of linguistic information of shapefsize, 
charactersjmarks and related objects decrease in multi-modal situations, in which experts 
can use pointing. In third time identification, the usage of position information decreases 
slightly. lt is also interesting that these types of information, the usage of which is reduced 
in multi-modal situations, are used in spoken-mode situations only when the references have 
a relatively large total amount of information. Other findings include that pointing is used 
very frequently in multi-modal situations, and it is almost always accompanies linguistic in
formation. Proper narnes are used sometimes accompanied with other information such as 
position in third time identification, even though the proper name would seem to be enough 
by itself for identifying objects already introduced. 

According to the theoretica! framework of reference proposed by Appelt[Appelt, 1985], 
a referent identification request, or just a reference, is intended to activate the concept in 
the addressee's mental space. In order to achieve that, the speaker has to provide suflident 
description for the addressee to distinguish the object from others. Moreover, the amount 
of description used is minimized because the speaker does not want to generate extraneous 
information. The appropriateness of the description provided depends on mutual beliefs and 
the center of discourse. 
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There are some problems in his theories, however. First, his claim that pointing is enough 
to activate the object is not consistent with our findings. It is difficult to consider that alllin
guistic information is conveyed opportunistically, and only pointing is used for identification, 
though it might be the case for descriptions of the functions and labeling of proper names. 
One support for the idea that information of those plays different roles is shown in Figure 4 
and Fig 5; the pattem of usage as related to the total amount of information looks different 
from other information. Second, minimization of descriptions must be reconsidered from the 
perspective of reference as a collaborative process of the conversants. The total effort of the 
speaker and the addressee should be minimized rather just that of the speaker[Clark and 
Wilkes-Gibbs, 1990]. In spite of these problems, his framework, which claims that suflident 
and necessary amount of information is communicated for activating the concept well explains 
our results. 

The results described in this paper suggest a model for referent identification requests 
made using different . communicative modes. ·As . such, it can be seen . as an extension of 
Appelt's model. Descriptions are extended to pieces of information that cover the widest 
possible extent, and include not only linguistic description about colors and shapes, but also 
pointing actions and contextual references. Information in this sense can be considered as 
the pairing of the semantic content conveyed and the communicative mode employed. Our 
claim is that those two constituents of information are inherently associated with each other 
and cannot be divided. In the model, each piece of information, either linguistic or other, is 
assigned two measures: its effectiveness in activating a given concept and its cost, the amount 
of effort required to make it. In any situation, the speaker chooses and combines the pieces 
of information that achieve concept activation with provably minimal cost. 

It is natural to consider that the amount of information needed for activation is influ
enced by several contextual factors such as saliency[Alshawi, 1987] and attention stack posi
tion[Grosz and Sidner, 1986]. That is, initial identification of an object needs a large amount 
of information to introduce and activate its concept. A smaller amount of information is 
needed to reactivate an object introduced recently. With time or the introduetion of different 
discourse segments, more information is needed to reactivate the original concept. Related to 
this idea, the observed result that proper narnes do not suffice to reactivate an object already . 
introduced suggests the validity of context modelsas was discussed in [Wálker, 1992]. 

The communicative mode dependency reported here is derived naturally from our model 
because each identification request was expressed using a combination of information pieces. 
If the speaker can use visual information, such as pointing, and activates the concept up 
to some extent, his/her usage of linguistic information decreases as it is used only for the 
remaioder of the activation. This means that pointing is not just supplemental. Therefore, 
there must besome relationship among pieces of information, which are conveyed via different 
communicative modes. The next question is what kind ofrelationship it is. As COMET[Feiner 
and McKeown, 1990] decides which portion of a given semantic content should be realized 
in which communicative mode, just how contents are communicated depends on the modes 
available, while the contents communicated don't. According to the frameworkof COMET, 
pointing is regarcled as an alternative way of communication, and it must convey some of 
the contents that would be conveyed linguistically in the situation that pointing could not be 
used. According to our results, in initial identification, such contents included those conveyed 
by information of shape/size, characters/marks and related objects. It was related to position 
information in third time identification. That is, according to the COMET framework, we 
have to attribute several roles to pointing actions depending on contextual factors. This is 
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complicated and unnatural. 
On the other hand, our model claims that semantic content conveyed also depends on the 

available modes, as information cannot be divided into its semantic content conveyed and its 
communicative mode(s) employed. Our model interprets the role of pointing as follows. Let 
us consider an object, for example. In a spoken-mode situation, the combination of three 
pieces of information, say description of its general name, position, and shape, is enough 
to activate this object with the least expense. We assume also the cost required for shape 
information is most expensive. In the case of identifying this object in a multi-modal situation, 
our model prediets that the speaker will first choose to use pointing, as it is very cost-effective 
information to activate the concept up tosome extent. Next s/he uses linguistic description 
for the remaioder of the activation. In this case, for example, the combination of two pieces of 
information is enough, so sjhe doesn't need to communicate shape information. Comparison 
of these two situations shows that the usage of shape information decreases in multi-modal 
situations. lt is important that this model does not consider the contents conveyed and mode 
employed separately, but considers information as a primitive. We cannot ascribed a fixed 
semantic content to pointing. Pointing is a piece of information in itself, and cannot be 
divided into its content and its communicative mode. 

Reactivating an object is easily achieved. lts proper name also can be used with low cost, 
if it was labeled before in initial identification. In a spoken-mode situation, the combination 
of two pieces of information, proper name and position, is enough for reactivation. In a multi
modal situation, the combination of pointing and the proper name is enough. In this case, the 
comparison of these two situations shows the usage of position information decreases in multi
modal situations. That is, according to our model, it naturally depends on contextual factors 
as to what types of information decreasein multi-modal situations. Moreover, the information, 
the usage of which is reduced in multi-modal situations, is expensive, and used in spoken-mode 
situations only when the references need relatively large amounts of information. We claim 
that information, the pairing of the semantic content conveyed and the communicative modes 
employed, is a primitive unit of consideration, and those two constituents of information are 
inherently associated with each other and cannot be divided. This implies pointing is not a 
complete alternative way to linguistic communication, and does not convey the contents that 
must be conveyed linguistically. 

5.2 Goal achievement 

Is has been reported that referent identification requests in spoken-mode dialog tend to be 
realized in an explicit goal more than in spoken-mode monolog[Oviatt and Cohen, 1991]. It 
has been asserted that the speaker attempts to achieve finer-grained goals in spoken-mode 
dialog compared to keyboard dialog [Cohen, 1984]. Our study also showed that referent 
identification requests in dialogs tend to be realized as an explicit goal more often than in 
monologs. This tendency is very obvious in spoken-mode dialogs. In addition, in spoken
mode dialog, confirmation is made more frequently; supplemental noun phrase fragments 
are used more frequently for elaboration than appositions, which constructs a large noun 
phrase; and, the apprentices utter more frequently and their utterances contain more non
acknowledgments. That is, in spoken-mode dialog, the experts realize an identification request 
as a series of fine-grained steps, and try to achieve it step by step, in various aspects of 
communication. 

Gomparing this characteristic between keyboard-dialog, spoken-mode dialogs and multi-
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modal dialogs, we can see that multi-modal dialogs resembie keyboard dialogs more than 
spoken-mode dialogs. On the other hand, we can consider that conversauts can communicate 
the largest amount of information through multi-modal dialog, and smallest in the keyboard
dialog. Multi-modal dialogs and keyboard dialogs are two extremes. If we consider that 
communication modes are distinguished only by communication capacity, we cannot explain 
the resemblance of multi-modal dialogs and keyboard dialogs. Similar results were obtained 
in a study on the degree ofrecipient's contribution in information providing dialogs[Ishikawa, 
1994). The model proposed there and the study on communication st rategies and their 
efficiency[Walker, 1994) do help to understand this issue. 

As for the second and third time identification, it is unclear how the method of goal 
achievement is influenced by communication modes available. In all situat ions, identification 
requests are rarely realized as an explicit goal, and the number of confirmations and elabora
tions are few. It is considered that this is because such identifications are very easy to achieve 
such as reactivation needs a smaller amount of information than the first time activation. 

It has been reported that descriptions in spoken-mode dialogs are relatively brief and 
contain a smaller number of spontaneous elaborations than in spoken-mode monologs [Oviatt 
and Cohen, 1991). This report contradiets ours. We could not see much difference in the 
number of elaborations and the amount of information conveyed between dialog situations 
and monolog situations. One possible reason of this contradiction is that in our experiments 
the same expert explained in several modes. S /he could estimate how much information 
was appropriate without apprentices' feedback through the experiences gained in the dialog 
situations.' 

6 Summary and Future Work 

We empirically stuclied what kinds of information are appropriate for referent identification 
requestsin multi-modal dialogs, and how that information should be communicated in order 
to achieve that requests. Our findings include that there is a close relationship between the 
information conveyed via different communicative modes, and that in dialogs, especially in 
spoken-mode dialogs, the speakers realize identification requests a.S series of fine-grained steps,· 
and try to achieve them step by step. This is true for a wide variety of communication aspects, 
such as confirmation and elaboration. We showed a sketch of a model that determines what 
kinds of information are appropriate. In the model, information cannot be divided into the 
semantic content conveyed and the communicative modes employed, and is treated as the 
primitive unit for consideration. Pointing is considered as information inthis sense. 

A lot remains as future work. We have to confirm if the characteristics we reported 
here are observed in other domains such as route-explanation using map or explanations of 
charts and graphs. We also have to make our rough sketch of the model more concrete and 
operational. It will allow us to implement some multi-modal dialog systems for evaluating 
our framework. 
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Abstract 

The question is addressed whether the linguistic phenomenon of anaphora exists in 
multimodal dialogue. Anaphora is contrasted with deixis and ellipsis as heing an essen
tially co-referential phenomenon; it is argued that existing discussions in the areas of HCI 
and presentation generation, e.g. hy Singer and Wahlster, have failed to demonstrate 
multimodal anaphora. This is argued to he hecause the "token-referential" nature of 
grapbics (as opposed to the "type- referential" nature of language) means that identifi
cation and predication can't he separated; hence grapbics tends to he "unfocussed", and 
re-identification of referents for further predication does not happen. 

Key words: anaphora, deixis, co-reference, focus, graphics, HCI. 

1 Introduetion 

This paper seeks to clarify some of the issues concerning the phenomenon of anaphora in 
naturallanguage, and its extension to multimorlal discourse and dialogue. The literature on 
human-computer interaction (HCI), in particular, contains a number of examples where the 
concept of anaphora has been applied to graphical expressions, and to the relation between 
graphical and linguistic expressions, in ways which sametimes do not clearly do justice to the 
problems underlying the uses of the term in linguistics. 

The general question that needs to be confronted is what the use would be of speaking 
of cross-modal anaphora. In linguistics, the term is intended to piek out a set of phenomena 
that support interesting generalisations. They are all coreferential cases; they often have 
eertaio constraints concerning e.g. gender and animacy of the coreferring expressions; they 
may relate particularly to the claims of a theory, such as Chomsky's "government and binding" 
structures. Evenhere it can be difficult to decide whether a relationship is best accounted for 
by such quasi-syntactic issues, or whether it should be treated as resulting from an inference 
based on semantic and pragmatic information about the situation. In the final analysis, 
it may in fact appear that anaphora is simply a subclass of cases of reference-assignment 
which it is wholly artificial and ultimately pointless to single out. This condusion would be 
strongly resisted in linguistics, and perhaps with good reason, but is not so clearly resistible 
in multimorlal contexts. ' 
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Although our emphasis in this paper is on discourse, we believe that this is an important 
first step to understanding the issues at play in the wider context of dialogue; and indeed 
some of the examples we discuss can be seen as essentially interactive. We begin by outlining 
the concept of anaphora in language, and then consider some possibilities for extending it. 
The emphasis is on assessing the theoretica! utility which can (or cannot) be derived from 
such extensions. 

We begin by outlining the concept of anaphora in language, and then consider some 
possibilities for extending it. The emphasis is on assessing the theoretica! utility which can 
( or cannot) be derived from such extensions. 

2 Anaphora in linguistic discourse 

The phenomenon of anaphora, as traditionally described in linguistic contexts, has to do with 
the identification of the referents of referring expressions. Paradigmatically, it arises w hen 
two or more expressions co-refer, as when an entity first referred to by name is subsequently 
referred to by using a pronoun, as in the following example (1). 

(1) a. Fred fired the gun. 
b. Then he turned and ran. 

In this case, the referent of he in (b) is taken to be the same as the referent of Fred, 
which noun is for that reason said to be the antecedent of the pronoun. Anaphora may be 
inter-sentential, as in (1), or intra-sentential, as in (2). 

(2) Fred was his own worst enemy. 

Sometimes it's possible to take advantage of ellipsis, which occurs when a referring ex
pression is left out altogether and recovered from the context, as in (3). 

(3) Fred fired the gun, then turned and ran. 

(We are speaking here only of noun-phrase ellipsis: in other cases, a verb phrase or other 
non-referential expression may be elided instead.) 

If a pronoun has a referent which is not referred to earlier in the discourse, it's not taken 
to be anaphoric. Typically, the reference is secured by some sort of indexkal relationship with 
something in the non-linguistic context, in many cases indicated e.g. by an accompanying 
pointing action (which is known as deixis). Thus (1b) can have a non-anaphoric reading, 
where he refers deictically to someone other than Fred. Even where a pronounis taken to be 
anaphoric, it can easily be ambiguous, e.g. as in ( 4b) he might be either Fred or Bill, since 
either ( 4c) or ( 4d) might consistently follow. 

( 4) a. Fred fired the gun at Bill. 
b. He turned and ran ... 
c. . .. but Bill chased him. 
d .... but Fred got him with a second shot. 

But insome cases, especially reflexives, coreferentiality seems to be syntactically guaran
teed, as in (5). 
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( 5) Fred shot himself. 

N otice that not all pronouns behave the same way in similar syntactic contexts. Whereas 
in (1b) he might just he a deictic reference to someone not previously mentioned, in (6b) it 
has to he anaphoric (to the gun), even though it's easy enough to imagine a situation where 
sarnething else which was hit by the shot happened to fall. (Of course, we assume here that 
there's no discourse previous to (6) containing a possible antecedent for it.) It cannot he 
interpreted deictically, at least not in this case, but perhaps not ever. Contrast this with (7). 

( 6) a. Fred fired the gun. 
b. lt fell to the floor, smoking. 

(7) a. Fred fired the gun. 
b. He fell to the ft oor, gas ping. 

In cases such as where (Sa) is foliowed by either (Sb) or (Sc), the it is either anaphoric 
to sarnething such as the entire action or situation (at least if we take the verb as providing 
a reference to an action), or else it has a conventionally indeterminate reference and is not 
clearly either anaphoric or deictic. 

(S) a. Fred fired the gun. 
b. lt seemed a good idea at the time. 
c. lt was raining at the time. 

Insome cases the coreference relation is notbetween specific individuals, as e.g. in (9) the 
pronoun refers to one of the guns implied, but not a specific individual óne. 

(9) Each man pulled out a gun, firing it wildly. 

These cases are especially associated with conditionals and universally quantified sen
tences, where a set of similar entities is posited and the anaphor may he taken to identify as 
referent any particular one we may choose to consider, or alternatively the whole set, as in 
(10). 

(10) The men pulled out guns, firing them wildly. 

Referring expressions other than pronouns mayalso he considered .anaphoric in appropri
ate circumstances. In {llb), we'd tend to suppose that the jool referred back to Fred, whereas 
in {llc) the weapon would he the gun. 

(11) a. Fred fired the gun. 
b. The fool was obviously drunk. 
c. The weapon was wreathed in smoke. 

There's a subtie difference between this and (12), on which basis it is generally held that 
the trigger in (12b) is not to he considered anaphoric. No expression which corefers has 
occurred in the preceding discourse. 

(12) a. Fred fired the gun. 
b. The trigger was rather stiff. 
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Even though the trigger is conceptually related to the gun, there's no real reference rela
tionship between the two, and so the example should not be considered anaphoric any more 
than should (13). 

(13) a. Fred fired the gun. 
b. The bank manager fell to the floor. 

A question that arises is whether there is suflident reason to distinguish between (11), 
(12) and (13) in a theoretica! account, or whether all of these are based in a similar way on 
inferences from general knowledge about the features of situations such as the one described 
and its constituent objects and actions. Then coreference relations would emerge as essentially 
coincidental. 

In summary, in anaphora in a linguistic discourse, a usually 'reduced' expression takes 
its meaning (reference or sense) by being identifiably related to another fuller expression 
and thereby inheriting some of the 'identification' of referentfsense achieved by that fuller 
expression. Generally, except in very specific forewarned syntactic circumstances, the fuller 
expression precedes the following reduced one. It can become hard to distinguish cases in 
which the interpretation of the whole preceding discourse, and background knowledge, pro
vides the context in which the 'reduced' expression is interpreted (and interpretable) from 
cases in which there is a single preeminent antecedent expression; and then the notion of 
"anaphora" as such becomes less clearly useful. One possible way of thinking about this is 
that expressions sametimes 'point' into the text, sometimes into the discourse structure, and 
sometimes into the world. In beginning here to examine how studying multimodal commu
nication can contribute to understanding these issues, we seek first to establish whether the 
specific notion of anaphora, which seems to be usefully distinguishable in analysis of language, 
can bear similar weight in treating multimodality. 

3 Graphora? 

So can there be gmphical anaphora? What's central to anaphora, on the above view, is that 
two (or more) different expressionsin the samediscourse corefer. So graphical anaphora might 
exist if we can make sense of the notion of a graphical discourse, and if different graphical 
expressions can corefer. Similarly, graphical and textual referents might stand in anaphoric 
relationships in multimodal discourse. One could say this of e.g. a picture showing Fred firing 
a gun at Bill, with (14) as caption or accompanying remark, where the coreference relations 
seem obvious. 

(14) The idiot nearly killed him. 

But are the relations anaphoric or something else (e.g. deictic)? There's sarnething much 
more odd about accompanying that picture with a sentence such as (15). 

(15) Then it fell to the ground, smoking. 

This, as a piece of communicative discourse, is different from a hook illustration, which 
one can also imagine, showing the gun in mid-air with (15) as caption, being a sentence that 
also occurs somewhere in the text. 
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The issue here is perhaps one of focus: drawings are not good in general at establishing 
focus; one needs artificial conventions, or the use of a sequence. The apparent possibility of 
a sequence of pictures which establish the gun clearly as focus, foliowed intelligibly by (15), 
may seem to show that cross-modal anaphora can occur, given that it cannot be deictic: one 
couldn't use it deictically in the context of a picture, any more than in the presence of the 
actual gun. However, even this isn't completely clear, since there is a general use of it, which 
is nether anaphoric nor in the usual sense deictic, but gets its reference somehow from a 
contextual focussing which seems especially common in dialogue, e.g (16). 

(16) A: What's the problem? 
B: [fiddling with his computer] lt's not working. 

Here the context is so clear as to make almost plausible an analysis of A's question as 
containing a suppressed " ... with that computer", thus supplying an antecedent for B's it. 
Similarly, in the presence of the gun, simply to say !t's loaded is to secure reference. All the 
same, we resist a deictic analysis here on the grounds that deixis inherently involves explicit 
selection, w hich in these kinds of cases is rendered unnecessary by the clarity of the context.1 

The possibility of purely graphical anaphora remains still more obscure, since there are 
few cases in which it's clear that the interpretation of a depietion depends onsome other de
piction. !t's a distinctive feature of anaphoric phenomena that reference is established through 
coreference, i.e. coreference doesn't simply result from two expressions being independently 
established (e.g. by deixis etc.) as referring to the same thing. It needs to be the case that a 
contextual relationship exists between expressions in virtue of which one as it were inherits 
the referent of the other. In grapbics as such there are two problems with this: on the one 
hand we cannot find clear-cut cases where these conditions are met, and on the other it is not 
apparent that even if we could they would be interestingly enough related to linguistic cases 
to merit use of the same term. It is certainly the case that "graphical reference" 2 sometimes 
requires contextual linking to some other picture element with a clearer reference (Schier, 
1986, has an instructive discussion of this), but this doesn't normally seem to be co-reference. 

An example worth consiclering is the use of schematic depictions of repeated components, 
e.g. in architectmal drawings, where there is one occurrence given in full detail which acts 
as contextually-accessed pointer to the full reference. (It may of course be encountered later, 
hence being possibly analogous to either cataphora or anaphora.) Even here, though, it's not 
clear that the bare referent of the schematic depietion (as opposed to the full description of 
the referent) could not be recovered without the existence of the detail - and it looks as 
though the "antecedent", although it gives the type of the referent we are interested in, does 
not point to the individual in a way that seems characteristic in the linguistic examples. 

In multimorlal contexts, the idea of anaphoric relations holding between expressions in 
different modes has attained a certain degree of currency (e.g. Wahlster et al. 1991, Singer 
1990). This has to be examined carefully, to see whether the phenomena in question are 

1 Speculatively, one can note that even though a pointing action may be explicitly involved in the "computer" 
example, there's a clear difference from saying This isn't working, which is reflected in spoken stress: it is 
unstressed, whereas a normal deictic expression, even a pronoun used deictically, is stressed. This quasi
deictic it perhaps occurs only in speech (or directly reported speech) . A similar class of cases arises withother 
pronouns, e.g. where a secretary arrives at work to be told by another "He's in a foul mood today" - meaning, 
of course, the boss. 

2Even this is a fraught notion; we mean bere sarnething like the relation of depiction. 
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really describable in the sametermsas the linguistic cases of which they are being treated as 
analogues. 

If we apply the above discussion to the suggestions of Wahlster et al. (1991, pp.21-22), we 
find that the whole issue of anaphora is tangential to their point. Neither of their examples, 
reproducedas (17) and (18), actually exhibits anaphora. 

(17) a. The machine is running. 
b. The on/off switch was turned on. 

(18) a. Fig. 3 provides a survey. 
b. The on/ off. switch ... 

What happens here is that reference (not coreference) is established by context andfor 
the use of background knowledge, and this is a pervasive phenomenon in all kinds of commu
nication, whether using pictures or not. Accounting for this is in fact just the problem that 
Schank and Abelson introduced the notion of scripts to solve: it is, of course, natural enough 
to suggest that a picture in some sense is, or adds to, or activates, a script, but this isn't to 
say much more than that it provides or reinforees contextualisation and the use of knowledge. 

Wahlster et al. (loc. cit.) also discuss an example concerning a "metagraphical arrow", 
which points from the textual annotation "Water outlet" to a particular item in the picture 
of a coff.ee machine (depicting the water outlet). The arrow is said to be "the equivalent of a 
pronoun, since it focuses attention on a specific part of the visual antecedent". However, in 
terms of the above discussion, the idea that such an arrow is somehow analogous to a pronoun 
cannot he sustained. There's no sense in which the arrow itself is a referring expression of any 
kind. In fact, it seems much more persuasively to resembie simply a deictic pointer whose role 
is to focus attention on a specific part of the visual context ( whether this is antecedent being 
perhaps dependent on reading strategy). The arrow combined with text is straightforwardly 
analogous to a finger combined with speech. (It could be redundant if the text were positioned 
carefully, but then I don't have to point if I say "this is my office".) 

The idea that anaphora might appear in graphical interaction, in the absence of language, 
has been proposed, for example, by Singer (1990), who discusses firstly some standard Mac
intosh programs such as MacDraw, and then a system of his own design. In our view, Singer's 
argument fails to persuade that anaphora occurs in his examples, though there remains room 
to investigate whether other kinds of examples might leave space fora more convincing argu
ment. 

According to Singer, a dialogue with MacDraw is making use of anaphora when, e.g. one 
selects an object and then applies an operation (such as filling it with a pattern) from a pull- . 
down menu. The idea is that this sequence of actions parallels a natura} language discourse 
in which one refers somehow to the object and then says, e.g.: Fill it black. (Similarly, one 
can select a set of objects, in which case the parallel is Fill them black.) We suggest that this 
"translation" of the user's dialogue with the program is unsupportable, since there is nothing 
that fills the role of the anaphor (it or them). One might at least as plausibly suggest a very 
natural translation (if with rather un-English word order) as, e.g., This fill black, or even This 
fill with this pattern, or any of a number of similar possibilities which capture other aspects 
of the interaction such as the indexical character of graphical selection. 

Singer goes on to discuss MacPaint in similar terros which, although this may represent 
something of a digression from the main theme of the present paper, allows us to note a point 
of some importance for interfaces generally. Singer characterises the "Lasso" and "Selection" 
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tools in MacPaint as being ways of referring to existing objects, as in MacDraw; but this is 
misleading because MacPaint is (paradigmatically) a painting tool based on the notion of a 
bitmap, whereas MacDraw is an "object- oriented" drawing program. The significanee of this 
apparently pedantic distinction arises from the fact that pure painting programs have no data 
types other than areas of bitmap, and consequently these are all that it makes sense to speak 
of a user of such a program as referring to in the interface dialogue. The "Selection" tool, 
described by Singer as limited in referring only to rectangular objects, in fact cannot even 
do that: it can only define arbitrary reetangles of bitmap which at best gratuitously coincide 
with something the user regards as an "object". Even the "Lasso" tool, which constricts itself 
around non-blank areas, will only identify an "object" if the object is a discrete non-blank 
area (not e.g. overlapping another "object"). These observations are a digression in as much 
as Singer might hold that his point is made even if the anaphoric reference is simply to an 
area of screen; but the discrepancy between this and his "translation" of the discourse into 
natural language emphasises the problems of such translations, and in particular that what 
counts as a reference to what may he very unclear. 

Singer goes on to describe his own system, known as Circuit, which provides interactions 
concerning an electrical circuit diagram. These interactions are said to mirror phenomena 
of anaphora and ellipsis in naturallanguage. In a typical example, the diagram is displayed 
along with buttons labelled "amps", "volts" and "ohms" (Fig. 1). 

Components in the circuit, e.g. resistors, can he graphically selected3 - this equates to 
referring to them, so that selecting R1 and pressing the "volts" button amounts to asking 
(19). 

(19) What is the voltage across R1? 

Then pressing the "ohms" button is held to he equivalent to saying (20); and then (21) is 
obtained by pressing the "amps" button. 

(20) What about its resistance? 

(21) And its current? 

Although it's clear here that there is anaphora in the proposed naturallanguage "transla
tion", it's completely unclear why this translation is proposed. Since R1 remains visible and 
highlighted throughout, the translation for (20) might just as well be (22)4 • 

(22) What is the resistance across R1? 

The central characteristic of linguistic anaphora - the need to derive reference through 
context from a coreferring and typically different antecedent - is completely lacking here. 
An analysis of the example in terms of, say, a persistent form of deixis, seems at least as 
compelling (cf. the MacDraw example). Some notion of anaphora might he more plausibly 
involved if R1 became unhighlighted, or the diagram disappeared altogether. But this would 
he gratuitously to introduce a probiernatie phenomenon into a situation where it is simpler 

3When selected, they become highlighted and remain so until deselected. 
40r for that matter, simply What about resistance?, or even just Resistance? - if one ignores the diagram, 

there is nothing to play the role of the pronoun; but in the diagram there is no "pro-" aspect to any analogue 
of a referring expression. 
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Figure 1: A typical Circuit display (simplified; after Singer 1990) 
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to avoid it. Some of the confusion here would seem to result from emphasising too greatly 
the sequence of interaction events (and treating it rather as a linguistic string) while actually 
ignoring the information present in the graphics. 

We conclude that Singer has shown at most that graphically-mediated dialognes can 
achieve communicational results that might have exploited anaphora to appear naturally 
in language. This is scarcely surprising, since almost any multisentence discourse in natural 
naturallanguage is likely to involve anaphora. It falls far short of sustaining Singer's claims 
that "[g]raphical interfaces ... allow the user to express some types of discourse phenomena 
more easily than is possible in a NL interface" (p. 79), and that "graphical treatment of NL 
is feasible" (p. 94), since there is no real basis for claiming that clearly analogous discourse 
phenomena are actually arising or being treated. It may simply have been shown that the sort 
of sophisticated discourse processing which naturallanguage depends on is just not required 
in these cases where graphical support is available. lndeed, it's possible insome of these cases 
to use a more telegraphic form of language, which involves no anaphora as such but hence 
doesnothelp us greatly to understand that partienlar class of discourse phenomena5. 

4 Why no graphora? 

If our review of the phenomena is correct in concluding that there is no very persuasive case 
for the existence of multimorlal anaphora, we may ask why this should be. Is it simply that 
extended multimorlal discourse is uncommon enough that conventions have not yet arisen? 
This hardly seems likely since, as has been argued elsewhere (Neilson and Lee 1994), discourse 
is probably more often and more primitively multimorlal than purely linguistic. If the reason 
is not lack of opportunity, then what is it? 

We believe that an outline answer to this question is quite revealing of fundamental 
charaderistics of the two modalities of graphics and language. We now attempt to sketch an 
explanation. 

One fundamental is that, in establishing reference, anaphora is involved with relating 
the content of a communicative expression to an existing state of knowledge. We tend to 
take this view even of a situation where the existing knowledge has been only very recently 
acquired, e.g. in the previous sentence of a discourse. The view is not uncommon in linguistic 
treatments, being essentially that processing of discourse involves the incremental construction 
of a discourse model representing the current state of knowledge about the immedia te context. 
(Note that this model is distinct from, though in various ways perhaps related to, "background 
knowledge" a bout the general domain of discourse and other things.) Hence establishing 
coreference for an expression is typically concerned with establishing whether it refers to an 
entity already in the model, and if so which, or whether it introduces a new entity. If an 
existing entity is being referred to, this is usually for a specific purpose such as to add new 
information about it, or give a new instruction concerning it, etc. 

We can see that in practical terms the establishing of coreference depends a good deal on 
what kind of accesscan be supported to the current discourse model state. Where a dialogue, 
say, is being conducted entirely over the telephone, there is no way to establish the reference 

5This is not to say that we find Singer's defence of the idea that graphics can handle ellipsis - which he 
conducts through proposed translations of various manipulations of Macintosh windows - to be any more 
persuasive than his analyses using the concept of anaphora. There also seems to be no clear or principled 
difference between the types of graphical phenomena he translates in these different terms. 
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of an expression other than through its relations to previous expressions, or to things in 
the world which are directly named or described. Where, on the other hand, a system for 
external representation is available to both participants, it may he used to rnaintaio persistent 
information about the discourse, which in turn may function as an auxiliary representation 
of (part of) the discourse model. 

Obviously, any dynamic use of graphics is likely to play this kind of role. While a discourse 
model in language is a purely conceptual structure, it has in graphical contexts a partial 
physical counterpart, and hence reference can he secured by a combination of physical and 
linguistic means. This gives rise to the familiar use of deixis, which secures reference for 
language in graphical or other physical contexts; many phenomena which establish reference 
are, however, much more subtie than the paradigm cases of ratherovert deixis. As observed 
by Neilson and Lee (1994), a complex process of inference, often bringing in background 
knowledge, seems to he required to account for many of the referential relations that arise in 
multimodal dialogue. 

Given a view of this sort, it is natural to suppose that anaphora as such (i.e. the fairly 
precise phenomenon considered in linguistics) fails to arise in many cases where graphics is 
present, simply because it isn't necessary to establish coreference by the same means. And 
equally, where various kinds of direct-manipulation interfaces are available (as in Singer), 
there will he phenomena which make more or less use of the graphical context, and hence 
may need mechanisms respectively less or more like those found in languagé, and so may 
more or less closely resembie anaphora. 

lt needs to he noted, of course, that the mere persistenee of an external representation is 
not suflident to establish its role as being different from that of language. Written text is 
usually persistent, but nonetheless linguistic (unless it is illustrated). The graphic serves as a 
representation that still needs to he related to some ongoing linearised flow of communicative 
expressions. Some considerations about anaphora arise from this, that relate to the distinc
tions between graphics and language and help to indicate at a very basic level why graphics 
functions differently from text. 

Anaphora requires a certain separation between identification and predication. The 
paradigm case .is one in which an NP successfully refers in-a first occurrence (and has some--· 
thing else predicated of it) whilst a following pronoun, which wouldn't have succeeded without 
the occurrence of the NP, then 'reidentifies' the same thing (and has yet further information 
predicated of it). 

A useful distinction between the semantic character of graphics and language is that 
between type- and token- referential systems7• In a type-referential system such as most 
languages, occurrences of tokens of the same type of expression (e.g. the same word) constitute 
recurring references to the same entity. In a token-referential system, occurrences of multiple 
tokens of the same type indicate references to distin ct entities ( usually sharing some property 
denoted by their type) . So distinct tokens of the pawn 'icon' on a diagram of a chess board 
each refer to distinct pawns. 

For anaphora to arise, a type-referential system is required, because multiple occurrences 
of related types of expression must refer to the same entity. In a token referential system a 
single occurrence of a token icon in a given place represents everything that is represented 

6 Cf. the parallel between language and streams of interaction events considered e.g. by Lee and Zeevat, 
1990. 

7We owe this terminology to John Etchemendy (personal communication) 
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about that individual. A recurrence of the same type of token elsewhere ( or something we 
conventionally recognised as a 'reduced' form of the same type) would automatically signal a 
self-sufficient reference to another individ ual. 

This explains why the nearest examples of anaphora within a grapbic which we have come 
up with (e.g., in the 'reduced detail' repeated window on an architect's drawing example 
above) are closer to 'anaphora of sense' than to anaphora of reference: co-reference can 
fundamentally not occur in a fully token-referential system, where there can be only one 
token for each referent. 

It also explains why the nearest examples to anaphora of reference are the cartoon strip 
examples where there is at least the possibility of construing the repeated reference to a 
character by an icon as type-referential. But it also explains why such examples are better 
analysedas re-references by the sameicon-there are no conventions for establishing 'sketchy' 
versions of characters in later frames as pointing to fuller antecedents in earlier frames. The 
job of a pronoun ( for instanee) is simply to secure reference to som et hing already given, so 
that new predications can be made; but this is in a situation, in linguistic discourse, where 
the emphasis is on the incremental construction of a representation rather than the extraction 
of information from an already existing graphic. In the case of cartoon-strips, the problem of 
distinguishing given from new and determining what is predicated in each succeeding picture 
is something very different from the case in a sequence of sentences. 

A corollary of their token referential nature, there is no distinction between identifying 
properties and predicated properties in a token referential system. A diagram showing a 
pawn on king's bishop four may teil us where a certain piece is, or which piece is in a certain 
place, but there is no real distinction between these informational perspectives because the 
representation is not 'focussed'. In language, it is of course possible for different hearers to 
be in different informational positions with regard to utterances, so that 'John is taU' may 
tell us about John's height, or about which person is called John, but the point is that the 
sentence is focussed from the first information perspective, not the second. ( Compare 'The 
tall one is John', which throws the focus the other way.) 

Some of the phenomena of natura! languages, treated under the label "iconicity" by lin
guists, should be interpreted as arising from correspondences of the representing relation, 
not to the semantic relations, but to the syntactic relations. Roughly, imposing an abstract 
syntax that differentiates identification and at tribution functions ( which, as we have seen, 
is required in type-referential systems) means that although semantic abstraction becomes 
possible, there is an enforcement of information perspective. A language allows us to leave 
many semantic relations unspecified, but syntactic categories are now obligatory. We must 
partition material into subject and predicate, and this enforces a partitioning into given and 
new information (see Givón's paper in Haiman, 1985). 

In the context of this theoretica! analysis, the Singer example proves illuminating. His 
control panel bas to be separated into two sub-diagrams: one consisting of a circuit diagram, 
and one consisting of the function buttons. The fact that these are not a unitary diagram is 
attested to by the heterogeneity of interpretation found across sub-diagrams. The fact that 
the 'ohms' button is found to the leftof the resistor Rl is not interpreted to mean that Rl 's 
resistance is to the left of Rl. There is no interpretation of the spatial relations between 
sub-diagrams, whereas the fact that Rl is above R2 may be interpreted. Notice that the 
possibility of contextual determination of 'reference' in astreamof mouse clicks is the result 
of segregating the identifying and predicating functions into these two semantic spaces. A 
graphical 'sentence' canthen be taken as predicating the function of the resistor referred to in 
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the earlier click. In linguistic terms this might be ellipsis ( rather than anaphora)8 . However, 
it might more straightforwardly just be seen as reference continuing to be established by 
persistent highlighting9 . 

While streams of mouse clicks have a typically closer, obviously deictically-mediated, 
relationship to a graphical context than does natural language, their tendency to exhibit 
linearity, token-referentiality and focus phenomena takethema long way towards the linguistic 
end of the communication spectrum, and indicate why we may expect to find inthem more 
linguistic features resembling anaphora, ellipsis, etc. 

5 Concluding note 

The above theoretica! sketch is related to an extended analysis of semantic differences be
tween graphical and linguistic rnadalities (Stenning, Inder & Neilson, in press). There the 
distinction between type and token referential systems is founded in an analysis of informa
tion enforcement. Roughly, graphical systems, which interpret directly and exhaustively a 
rich variety of representing relations, enforce the expression of information. Languages which 
only give interpretation to one spatial/temporal relation (concatenation) and then only me
diated through an abstract syntax, cancel these information enforcements. That this analysis 
can motivate practical analyses of graphical interaction is an indication of the contribution 
that natural language semantics can make to the understanding of multimorlal and multi
media communication. In arguing that anaphora is a linguistic phenomenon we are arguing 
for a deeper application of semantic concepts, not for their irrelevance. lt is possible that 
the multimorlal perspective could also deepen the analysis of linguistic anaphora by showing 
which cases are best seen as very general processes of discourse context, and which are due 
to particular mechanisms operating on the linguistic surface. 
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Abstract 

Multimodality may bring potential solutions to problems encountered in Human
Computer Interfaces. Yet, when designinga multimodal interface, questions arise concern
ing why and how to combine modalities. In order to propose answers tothese questions, we 
have developed a design space based on "types and goals" of cooperation between modal
ities. This design space provides constraints on the adequate representation technologies 
that should he used in multimodal interfaces. It has been applied to the specification of 
a simulated multimodal interface which enables the creation of graphical interfaces. The 
underlying representation technologies are introduced, which enable various cooperation 
between rnadalities and thus cover several parts of our design space. 

Key words: Multimodality, design space, specification, connectionism, robust recogni
tion. 

1 A designspace basedon TYpes and goals of COOperatioN 

The main feature of multimodality is the cooperation of several processes (the modalities) 
exchanging information. Yet, existing design spaces for multimorlal interfaces are mostly 
concerned whether with the specificity of each modality (Bernsen 94) or with the capacities of 
multimorlal systems to deal with independent events transmitted simultaneously on different 
rnadalities (Nigay and Coutaz 93). It may he noticed that these design spaces do not address 
the main questions of "Why and how to combine rnadalities ?". In this first section, we 
describe our designspace named TYCOON which aims at answering these two questions. 

The first dirneusion of TYCOON is called types of cooperation between modalities: trans
fer, equivalence, specialization, redundancy, complementarity (fig. 1). There are different 
ways for rnadalities to interact with each other in order to imprave Human-Computer In
teraction. They can he involved in several goals of cooperation which constitute the second 
dirneusion of TYCOON. 

When several rnadalities cooperate by transfer, this means that an information obtained 
by one modality is used by another modality. For instance, in (Fels and Hinton 93), hand 

· gestures are translated into synthetic speech. Transfer may also he involved in other goals 
than Translation: mouse click detection may he transferred to a speech modality in order to 
ease the recognition of predicted words: that, here ... (Recognition), caption can he used to 
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control the processing of an image on the basis of semantic knowledge (Interpretation), and 
partially understood speech may he completed using the keyboard so that the user does not 
have to utter again or type the whole sentence (Fast interaction) (Cheyer and Julia 95). 

When several modalities cooperate by equivalence, this means that an information may 
he processed by either of them. In (Faure and Julia 94), the user of a graphical editor 
may specify a command either by speech or through selection of a button with a pen. This 
equivalence is not "full" since only some of the available commands have a corresponding 
button. However, equivalence enables the user to select a command with the pen when the 
speech recognizer is not working accurately because of noise (Adaptation to changes in the 
environment). Equivalence also allows toselect the fastest modality (Fast interaction). 

When modalities cooperate by specialization, this means either that a specific type of 
information is only processed by one modality ( data-specialization) or that a modality only 
deals with one type of information (modality-specialization). In most multimorlal systems, 
speech is data-specialized in the manipulation of invisible objects.- · Specialization may be 
used to improve the interpretation of the user's commands ( the modality used for a command 
helps the interpretation process). Specialization mayalso he used to decrease the duration of 
the integration and modality selection process (Fast interaction). 

If several modalities cooperate by redundancy, when the same information is transmitted 
on both modalities, this information is integrated and used by the system to improve the 
interaction. For instance, if the user types "quit" on the keyboard and utters "quit", this 
redundancy can he used by the system to avoid a confirmation dialogue (Fast interaction). 

Finally, when several modalities cooperate by complementarity, distinct messages con
cerning a single entity are transmitted by these modalities and are integrated. For instance, 
in (Nenov and Dyers 88), symbols transmitted with text ("red square") can he grounded in 
graphical events or images (Learning). Several multimorlal systems can he described along 
these two dimensions showing their saliency for multimorlal interfaces (Martin and Beroule 
95, Martin in press). 

These types and goals of cooperation may form the roots of a device aimed at specifying 
multimorlal interfaces, such as the specification language that we have developed. As will he 
described in the next sections, this specification langu~ge en~ bles multimorlal representations 
made of interconnected processing units: Some commands of the specification language àre 
listed below: 
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Fast 
interaction 

Adaptation 

Learning 

Interpretation 

Recognition 

Translation 

Goals of 
Cooperation 

Figure 1: TYCOON, a design space for studying and specifying multimodal interfaces. Types 
of cooperation may be involved in several goals. For instanee redundancy may improve recog
nition. Both redundancy and complementarity ask for the fusion of monomodal events { dotted 
arrows). This fusion may use a combination of several criteria such as temporal coincidence, 
structural completion, multimodal grammatica/ rules. 

complementarity _coincidence 

complementarity ..structure 

complementarity ..sequence 
equivalence 

red undancy _coincidence 

special 
goal 
coincidence_d uration 

creates a processing unit which is activated when complementary events 
occur in the same temporal window: complemenLcoincidence Lpos 
mouse up speech here creates an internal unit called Lpos activated if 
a mouse click and the word "here" are detected in the same temporal 
window. 
creates a processing unit which is activated when complementary events 
occur, even outside any temporal window 
creates a temporallink between two internal units 
creates a processing unit which can be activated by one event among 
several 
creates an internal unit activated when events of the same name occur 
in several rnadalities in the same temporal window 
creates a unit activated by only one event 
initiates the parameters of the interface for a specific goal 
specifies the width of the temporal window used in coincidence detection 
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2 COMIT: a multimodal interface 

The command language introd u eed in the previous section has been used for specifying 
COMIT, a simulated multimorlal interface aimed at helping a user to create a graphical 
interface (fig. 2). The user might ask for the creation of a reactive button by saying "but
ton ... name ... here". She types the name of the button on the Keyboard while saying 
"name" and produces a mouse click indicating the location of the button while saying "here". 
COMIT features several types and goals of cooperation between modalities of TYCOON, the 
underlying representation technologies of which will bedescribed in the next section. 

Speech 

Keyboard 

Mouse 

Interface 
specificadon · 

Figure 2: The multimodal interface COMIT processes simulated events from three modalities. 
Interpreted commands are transmitted to the application called Interface Tools (Blanchet 94}. 
This application allows the interactive creation of graphical interfaces composed of scrollbars, 
text windows and other graphical objects. 

2.1 Learning 

Learning mechanisms may ease the specification of multimorlal interfaces. In COMIT, a 
multimorlal representation can be created from a sequence of events such as "line .. . begin 
(click) ... end (click)". Initially, the system has to know the width of the temporal window 
used for temporal coincidence detection and the fact that some events such as the mouse click 
position are "variable events" which change from one instanee of the command to the other. 
When events coming from several modalities are presented, COMIT builcis a multimorlal 
complementary representation. This representation can then be used to recognize a similar 
sequence of events ( the ~vents · may appear a bit soorier · or later, the · mouse clicks Îocations 
may be different) . This representation can also be used to produce corresponding specification 
commands (fig. 3). 

2.2 Fast interaction 

Simultaneous or overlapping independent commands can be recognized in parallel in COMIT. 
For instance, the user may ask "time ?" while using the keyboard and the mouse to draw a 
line. The temporal coincidence between this two independent commands is not enough for the 
system to integrate them. This parallel interpretation of independent commands overlapping 
in time enables a faster interaction. 

Redundancy also enables a faster interaction in COMIT: a redundant "quit" detected on 
both speech and keyboard avoids confirmation dialogues (fig. 4). 

2.3 lmproving monomorlal recognition 

Multimorlal representations can ease the recognition of monomorlal events thanks to predic
tions. In COMIT, the activation of a complementary representation such as "begin (click)" 
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(a) INITIAL SPECIFICA TION FILE 

MODALITY speech 
MODALITY mouse 

COINCIDENCE 30 

UNITS speech line begin end 
UNITS mouse up 

GOAL leaming 

(b) FILE OF EVENTS 
DATE MODALITY EVENT 

12 speech line 
57 speech begin 
71 mouse up 
71 mouse 121,67 
119 mouse up 
119 mouse 34,276 
142 speech end 

(c) RESULTING SPECIFICATION FILE 

MODALITY speech 
MODALITY mouse 

COINCIDENCE 30 

UNITS speech line begin end 
UNITS mouse up 

f ••• line begin end -/ 
START_SEQUENCE I_line 
SPECIAL I_line speech 1ine 

COMPLEMENT ARITY _SEQUENCE I_line I_begin 
COMPLEMENT ARITY _COINCIDENCE I_ begin speech begin mouse up mouse va1ues 

COMPLEMENT ARITY _SEQUENCE I_ begin I_end 
COMPLEMENT ARITY _COINCIDENCE !_end speech end mouse up mouse values 

END_SEQUENCE I_end line_begin_end 

Figure 3: Learning multimodal representations in GOM IT. (a) The initial specification file 
describes the modalities, the coincidence duration {30 clock steps of the software simulation) 
and the events to be detected ("line", "begin" .. .). Variabie events (mouse click position) are 
not described. The command "GOAL learning" sets the interface in a learning mode. (b) The 
presented file of events. (c) the specification file is extended through learning with commands 
corresponding to the file of events (b ). 

Speech "quit" Keyboard "quit" 

Do you want to quit Interface Tools ? 

Speech "quit" 
Keyboard "quit" 

@(cancel) 

Quit the application Interface Tools 

Figure 4: Redundancy enables a Jast interaction in COMIT. When the command "quit" is 
detected only on speech or keyboard, COMIT asks for a confirmation. When it is detected on 
both speech and keyboard modalities within the same temporal window, COMIT does not ask 
for a confirmation and directly quits the application Interface Tools. 
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leads to a transfer of information from a multimodal representation to each modality (de
crease the recognition threshold of predicted events). As shown in table 1, these predictions 
may permit the identification of an event which has not been well detected. 

STEP EVENTS AND PREDICTIONS 
10 EVENT Speech "line" 
31 PREDICTION of "begin" Threshold 0.9 ===} 0.8 
50 EVENT Mouse click 
50 EVENT Mouse location 182, 67 
52 PREDICTION of "begin" Threshold 0.8 ===} 0. 7 

"end" Threshold 0.9 ===} 0.8 
70 EVENT Speech "begin", Probability 0.75 

Table 1: Recognition of noisy events thanks to multimodal predictions. The clock steps of 
the simulation are displayed in the left column. Ëvents and predictions are displayed on the . 
right column. The "line" event detected at step 10 leads to a prediction of events which may 
appear after "line" at step 31 : the threshold recognition of "begin" is decreased from 0.9 
to 0.8. The detection of a mouse click (step 50) leads to several predictions. For instance, 
the threshold of "begin" is decreased again from 0. 8 to 0. 1. In this example, without these 
two predictions, the event "begin" detected at step 10 with a low probability (0.15) would 
not have been recognized. This prediction capacities are selected with the command "GOAL 
improve_monomodaLrecognition" in the specification file. 

2.4 lmproving multimodal recognition 

COMIT enables rnadalities to cooperate not only to improve monornadal recognition but 
also to improve multimodal recognition. This is possible thanks to the recognition score 
delivered for any sequence of events recognized as a command. The closer this sequence of 
events to the representation of a command, the higher the recognition score (fig. 5). This 
recognition score may be used by COMIT to regulate the width of the temporal window used · 
for coincidence detection: if the recognition scores get lower and lower, the system should 
enlarge the temporal window. 

212 



(1) 

(2) 

(3) 

• +-----------------------------------------------------------------------------------------+ 
Speech, he re I • I +------------------------------------------------------------------------------------------+ 
"ous:e, up I * +----------------------------------------------------------------------------------------+ 
House, 100 30 I * I .................................................................................................. 

I 3991 RECOGNITION of color _wldget, act! vation : 583 I 

~--4ï3ï-RËëoG~ïrïiiN"~;;--b;;;;~~=~~~~=~~=----~~~~;~~-~(E:).----------------------------~ .......................................................... . ................................ . 
.................................................................................................. + 
I K~oard, button I • I 
+-------------------------------------------------------------------------------------+ 
I K~oard, Ok I * 
+-------------------------------------------------------------------------------------+ 

Speech, na01e I • 
+-------------------------------------------------------------------------------------+ 

Speech, here I * 
+---------------------------------------------------------------------------------------+ 

"ouse, up I • 
+---------------------------------------------------------------------------------------+ 
I "ouse, 100 30 I • I 

+*************************************************************************************************+ I 3991 RECOGNITION of color_wldget, actlvatlon : 583 I 

!=~~~~~~~~~~~~~~~~~~~~~~~~~~~~;~~~~~~~~~~~~~~~~~~€}~~~~~~~=~=~=~~~~~=~~~~~~~~~~~! 

Figure 5: recognition scores as a function of the mismatch between a sequences of events 
and representations of commands. The "*" displayed here stand for the occurences of events 
(vertical dimension) over time (horizontal dimension). In this example, the user combines 
the keyboard, the speech and the mouse to create a button. The words "button .. . name ... 
here" are uttered. While the word name is uttéred, the name of the button "Ok" is typed on 
the keyboard. While the word "he re" is uttered, a mouse click indicates the location where the 
button is to be created. ( 1) The sequence of events is very close to the representation of the 
command "button_name..xy" in COMIT. This command has been recognized with a maximal 
recognition score: 1000. Another command has been activated (color_widget) but with a lower 
score: 583. {2} In this sequence, some events ("name" and the mouse click) appear a bit later 
(the corresponding "*"are shifted to the right). The recognition score is lower {987}. {3) The 
weaker the expected temporal coincidences between events, the lower the recognition score. 
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This quantified recognition score can also be used when all events are missing in a noisy 
modality. Complementarity can then be brought into play to achieve recognition of the 
command (fig. 6). 

(2) 
"name" uuo'"'"·!SII 

(3) 
"name" and 
"bere" missing 

(4) 
mouse "up" 
missing 

Figure 6: Robust recognition of inversed or missing events. (1) When the groups (button} and 
(name, List) are inversed, the activation score is 870. Another command is recognized but 
with a lower score: 583. {2) When the word "name" is missing, the command is recognized 
but with a score of 889. (3) When the words "name" and "here" are missing, the command . 
is recognized but with a score of 806. (4) In cases {1) to (3) the command is recognized and 
executed (the button is created). When the mouse click is missing, the command is recognized 
but cannot be executed. 
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3 The underlying technics 

The multimorlal interface presented in the previous section makes use of a computational 
memory model called Guided Propagation Networks (GPN) (Beroule 85, 90) , together with 
an architecture which implements synchrony coding (Martin 95). 

3.1 Guided Propagation of internal signals 

A GPN camprises elementary processing units which selectively respond toevents at the mo
ment they occur in the environment. These Event-Detectors can all he fed by spontaneous 
internal flowsof activity. As shown in figure 7, The network internal activity may he guided 
in the course of time towards one specific Event-Detector under the infl uence of environmental 
stimuli (keyboard keys, speech features ... ). This guiding process is carried out through the 
detection of coincidence between stimuli and the internal flows. It may he noticed that the 
usual digital comparison between input sets of veetors and internal numerical references is 
replaced here by the detection of space-time coincidence between input stimuli and internal 
contextual signals. This "comparison" is performed by chains of processing units which form 
memory pathways driving the internal flow to Event-Detectors. Since each of these units 
responds to specific stimuli in a eertaio context (given by the preceding unit in the pathway), 
they are termed Context-Dependent (CD). 

:htemalfbw 

Figure 7: Principle of Guided Propagation. The internal flow, which in this figure originates 
from the left-most cell (root-unit), is guided by a series of environmental stimuli towards one 
of the output Event-Detectors. 

A main feature of GPN is their hierarchized and parallel organization, thanks to which 
several knowledge levels and several simultaneous analysescan together participate in a mul
tirnoclal task. A module of this architecture receives space-time patterns of activity delivered 
by more peripheral modules, and facilitation flows issued from whether deeper modules or 
parallel ones. This facilitation mechanism, which decreases the units response thresholds, can 
ease ( or even force) the propagation of activity along a selection of memory pathways. 

Another main feature of a GPN is its ability to grow in the course of processing for 
learning purposes, allowing the complete set of pathways to sprout from root-units. Current 
monomorlal applications of GPN include: speech recognition (Escande et al. 91) , strategies 
of syntactic learning (Roques 94), robust parsing (Westerlund et al. 94), a model of reading 
(Beroule et al. 94) and pattem generation. 

215 



3.2 Synchrony coding and Multiplexing units 

Thanks to the unsupervised learning mechanisms, a new pathway can he built whenever a 
new combination of events occurs in the environment. Although this possibility can he used in 
software simulations implementing a kind of "garbage collector" process to free useless units 
(Blanchet 92), another methad has been proposed which does not require so many elementary 
processing units. This salution brings into play a coding dimeosion which is quite compatible 
with the space-time coding used in GPN: the synchrony between periadie pulse-like internal 
signals (Martin 95). An architecture has been developed for the management of this sharp 
temporal coding, which involves Multiplexing Units and which allows several variables to he 
simultaneously supported by prototypical representations. An example of recognition of a 
multimodal cammand in COMIT with Guided Propagation and synchrony coding is given in 
figure 8. In the next section, we describe step by step how these technics enable the results 
observed in COMIT (section 2). 

4 Explanation of the COMIT features 

4.1 Learning 

The learning mechanisms of Guided Propagation enable the construction of multimodal rep
resentations. Depending on a time coincidence criterion, newly detected events are linked to 
existing units (generalization) or lead to the creation of a new pathway (differentiation). An 
example of pathway sprouting is shown in Figure 9., which occurs the first time the network 
is given a cammand "line begin end". 

4.2 Fast interaction 

In GPN, any Word-Detector is connected to as many CD units as different contexts (multi
modal commands) in which the word may occur. When activated, the Detector feeds in par
allel several CD units, among which one may simultaneously receive the contribution of the 
internal flow, tagether with possible stimu_li from other modalities. Most of the·activity deliv
ered by the Word Detector appeárs to he 'ünprofitable, but the appropriate memory-lacation 
(CD) can thus he retrieved in one shot, independently of the amount of CDs associated with 
the detector. In sum, the rnadalities possibly represented in a GPN work in synchrony with 
the environmental stimuli. Due to this parallel processing, independent commands which 
overlap in time can he recognized without cross-talk (fig. 10). 

Time-delays constitute a basic parameter of GPN, since they are responsible·for the time 
coincidence of stimuli originating from several modalities, at the level of every CD unit. In 
order to favour the fast interpretation of redundant information, these time-delays can he 
regulated so that CD units receiving monornadal information he activated later than CDs fed 
by several rnadalities with the same information. 

4.3 lmproving monomorlal recognition 

While proceeding along memory pathways, the front of a GPN internal flow anticipates the 
next events to come. lf the anticipation of a given cammand component is strong enough due 
to several factors ( activity level of the current stimuli, familiarity of the command, strong 
background context), then the identification of expected components is facilitated through 
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(1) (2) 

SPEECH KEYBOARD MOUSE SPEECH KEYBOARD MOUSE 

button name bere up button name bere up 

Time 

Time 

Figure 8: Representation and recognition of a multimodal command through both Guided 
Propagation and synchrony coding in COMIT. The command enabling the creation of a button 
is represented by a pathway Zinkingevent detectors (square) and three CD units (circles). (1) 
Initially, CDb is preactivated, that is activated below its response threshold ( displayed in grey). 
The word "button" is detected and its associated detector is fully activated (in dark). This 
detector sends a signal to CDb. {2) CDb becomes activated and sends a signal to CDn. {3) 
CDn is preactivated by this signal. (4) The word "name" is uttered and a word is typed on 
the keyboard {"Ok") in the same temporal window. (5) CDn is fully activated by the signal 
emitted by CDb, (speech, "name") and (Keyboard, "mpx"). This gates a dynamic binding 
process which results in the emission of synchronized periodic pulses by the event detectors 
which participated in the activation of CD~l(to the right). {6) Since a distinct phase is 
originating from each CD, when the command is fully recognized, the bindings are readable 
without cross-talks. 



(1) 

WORDS 
line begin end 

D D 

(2) 

WORDS 
line begin end 

D 

b 

(3) 

WORDS 
line begin end 

D 

b 

MOUSE~ DDD 
• •oo 

m x 

(4) 

Figure 9: Learning a multimodal representation in GPN. (1) : a first CD unit is created and 
activated when the word "line" is detected (differentiation). (2) the word "begin" is detected 
in another temporal window, which results in the creation and activation of a second CD 
unit ( differentiation). (3) Within the sa me temporal window, a mouse click and its position 
have been detected. (4) : CDb is the last activated unit in the same temporal window as 
the mouse detectors. These detectors are thus linked to this CD unit (generalization). This 
time coincidence criterion enables the creation of multimodal representations such as the one 
displayed in figure 8. 

Figure 10: Parallel recognition of independent commands overlapping in time. The network 
contains two commands: "line begin end" and "date " (left). In this example, the user starts 
the command drawing a line. The words "line" and "begin" have been detected and preactivated 
CDb (middle). The user then switches to another command by uttering the word "date". 
When this word is detected, the associated detector sends a signa/ to the only CD unit which 
is concerned with this event: CDd (to the right). Then the user continues the jirst command 
by a mouse click. 
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the lowering of their associated CD units thresholds. Recognition carried out within a given 
modality can thus take advantage of the expectations made at the Multimodal Cammand 
level, using the information delivered by other modalities. In this case, according to the 
framework described in the first section, rnadalities cooperate by complementarity and trans
fer of information (the predicted events) to imprave recognition. 

4.4 Improving multimorlal recognition 

In a GPN, the activity level of a given output "multimodal command" Detector corresponds to 
the way an occurrence of this cammand matches its internal representation. This "matching 
score" accounts for the degree of distortions undergone by the reference multimodal cam
mand, including noisy, missing or inversed components. Initially applied to robust parsing 
(Westerlund et al. 94), this feature has been adapted to multimodality in COMIT (Veldman 
95). The quantified matching score results from the decreasing shape of the signals (see gen
eral shape of signals in figure 12). The bigger the temporal distorsion between two signals, 
the weaker their summation, because of their decreasing shape. 

The following parameters of a CD unit also participate in the robust parsing of multimodal 
commands: 
- the Ratio (.Rï) between context and stimuli contributions (.Rï is the contextual weight if 
the Stimulation weight is equal to 1). 
- the Excitability (Ei), which defines the cell threshold in the following way : 

Amax * (1 +Ri-I) 
Ei 

where Amax is the maximum value of the signa! delivered by a cell. 

Output 
cl 
A 

max 

Transfer functlon 

Amax•(l+(\_1) 

Figure 11: Parameters of a CD unit. Each CD unit computes an output value Ci as a function 
of its incoming contextual signal Gi-l and stimuli Si (to the left). To get a recognition score 
which is a function of the dillerences between the sequence of event and the representation of 
a command, the transfer function has to be linear (to the right-hand side). 

The output value should he equal to the maximum Amax for the maximum input (fig. 
11): 
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when 
expected 
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All 
events 

(3) 
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missing 
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"button" 
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inversed 
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Figure 12: Recognition of a multimodal command which has undergone three types of distor
tions. In this example, the command to be recognized is represented by a pathway of three 
CD units (Lbutton, LbuLname, Lpos) ending with an event-detector {button_name_xy). The 
activation of the units are displayed as a function of time (horizontal dimension). {1) All 
events appear when expected. The expected coincidences are respected. The activity of each 
unit changes rapidly from a minimal value to a maximal value before slowly decreasing. The 
recognition score is maximal: 1000. {2) Allevents appear, but some events appear too soon. 
The signals do not add at their maximal value. The activation of each unit is lower than in (1). 
{3) The word "name" is missing. The activation of LbuLname, Lpos and button_name_xy 
is lower than in (1) and (2) (4) The groups "button" and ("name", "Ok") are inversed. As 
shown on the histogramm of LbuLname , the contextual signal emitted by Lbutton reaches 
LbuLname during the decreasing offset of its stimulation. The activation of the units is lower 
again, but the command is still recognized. 

220 



In the simplified case, ei = 0 and the cell output is given by: 

C· _ Si + Rï-1 * Ci-1 
t- 1 + Rï-1 

As detailed in the appendix, the above recursive formula leads to contextual weights which 
follow an arithmetical progression along a pathway : Rn-1 = n - 1 , Rn-2 = n - 2 , and so 
on until Ro = 0. Histograms of activity during the recognition of the command creating a 
button are shown in figure 12. 

5 Coneinsion 

In this paper, we have described a design space composed of types and goals of cooperation 
between modalities. This designspace has been used for the specification of COMIT, a mul
tirnoclal interface. We explained how the underlying representation technics used in COMIT 
allow these various cooperations between modalities. 

Future research include the study of the dynamics of goals and types of cooperation during 
interaction, but also the processing of semantic and spatial relations with Guided Propagation 
Networks. As a long-term perspective, the binding code through synchrony and a recursive 
definition of a modality as cooperations between internal processes, should lead to "deep" 
interactions between several levels of abstraction. 
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Appendix: computation of contextual weight to get a contin
uons recognition score for robust recognition 

Getting a rohust recognition score calls for a linear transfer function in each CD unit. This 
means that: 

c- _ si + Rï-1 * ei-I 
1

- 1 + Rï-1 
By replacing Cï-1 hy its value in the ahove recursive formula, we ohtain the following 

expression, in term of a sum of weighted stimuli. 

1 ---::::-- * Sn 
1 + Rn-1 

Rn-1 s + ( * n-1 (1 + Rn-d 1 + Rn-2) 
Rn-1 * Rn-2 s + * n-2 (1 + Rn-1)(1 + Rn-2)(1 + Rn-3) 

+ ... 
Rn-1 * Rn-2 .. . *RI s 

+ * I (1 + Rn-1)(1 + Rn-2) ... (1 + Ro) 

(1) 

If Cn is the output of a pathway comprising n cells and which is therefore fed hy n stimuli, 
it should follow the conditions helow : 

'Vi E [1,n],Si = Amax => Cn = Amax 

in other words, if the pathway is fed hy all its stimuli with a maximum value, its output 
should he maximum. This can he verified hy replacing every Si hy Amax in ( 1), provided that 
Ro = 0. 

Cn = Amax/P if 1/p ofthe stimuli is actually participating to the pathway activation. This 
should he true for the limit case : when only one stimulus activates the pathway, whatever 
its location in time and along the path. 

Cn 
Am a x = n 

1 
*Amax (2) = 

1 + Rn-1 
Rn-1 (3) = ( )( ) * Amax 1 + Rn-1 1 + Rn-2 

Rn-1 * Rn-2 A = * max (1 + Rn-1)(1 + Rn-2)(1 + Rn-3) 

Rn-1 * Rn-2 * ... * RI A - * max (1 + Rn-1)(1 + Rn-2) · · · (1 + Ro) 

The first equality (2) gives Rn-1 = n - 1 , from which (3) gives Rn-2 = n - 2 , and so 
one until Ro = 0. 
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Abstract 

The objective of this paper is to describe the design of a multimedia interface which 
incorporates co-ordinated graphics, text, verbal and audio input and composes multimedia 
output for use by circuit board assembly operators in Northern Telecom. 

Key words: Multimedia application, focus modelling through interaction, human com
puter interaction. 

1 Introduetion 

Interfaces combining naturallanguage, speech and grapbics take advantage of both the indi
vidual strengths of each communication mode and the fact that these modes can be employed 
in parallel. It is important to co-ordinate these media so that they improve communiea
tion capabilities. A key concern is the selection and integration of multimedia output. The 
project addresses tbis with a multimedia extension to an existing application. The view is to 
enhance the process of system-user interaction and to provide output adapted to the needs, 
preferen ces, technica! expertise and tasks of the user. 

2 Description of the application 

The aim of tbis project is to enhance the manual assembly process provided by Northern 
Telecom's ASSETl [Me Caffery & McTear 94] software by creating an interface that will 
enable the assembly sheets to be displayed automatically on a terminal by either pressing 
the keyboard keys or speaking into a microphone. In addition, voice, grapbics and text 
are to he incorporated into the output of the system. In order to achleve tbis a software 
development environment known as Hipworks ( developed by Integral Solutions Ltd.) is used 
wbich incorporates hypertext, multimedia and expert system facilities, with POP-11 being 
used as the underlying development language. Figure 1 illustrates the system's components. 

3 Interface Facilities 

The interface is designed to accommodate users in a number of different scenarios: 
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Figure 1 High-Level System Architecture 

1: if the user's hands are occupied while inserting a chip into a board, he/she is able to 
continue interaction with the interface by use of voice recognition 

2: if the user is not looking at the screen to recognise that the interface is prompting 
him/her for input, the system can output a spoken message which requests the user 
to communicate and this is performed as a continuation of the previous interaction 
between the interface and the operator. 

The interface is also able to present help messages, circuit descriptions and instructions in 
formats that are suited to the different levels of users who may range from the non computer 
illiterate to those with both computing and technica! expertise. It therefore helps to overcome 
diffi.culties such as ambiguities and misconceptions encountered on the shop floor. The user 
can combine the media to accomplish certain tasks, for example, indicating problems on a 
circuit board by pointing at them with the mouse, then eliciting a textual explanation along 
with a voice output. A further example is when anitem requires to be moved in a graphics 
mode. Normally the task requires selection of the object and then activation of the move 
button, whereas with the text and voice modes it is possible to carry out this task by simply 
typing or saying MOVE A (where A is the item to be moved), thus simplifying the task and 
making it more natura! for the user. The selection of output media will be basedon 
(i) the technica! aspects of the task and context and 
(ü) the user's preferences. 

'·· ~ 
.. ... 

The approach being taken is to allow the system to be as human-like as possible by allowing 
input from different sensory devices ( eyes, hands, ears ). The system includes language parsing 
to cater for the compound input streams, a user modeland knowledge base to permit a basis 
for decision making and an automated formulation of responses to input. The system also 
automatically,com.poses and generates relevant . output to the user in ,co-ordinated multi
media using both canned text and frames as generation techniques. The system also judges 
the relevanee of information with respect to the current focus and the user's task. 

4 System Analysis and Design 

Figure 2 shows a Task Hierarchy Diagram [Browne 94] for the current system. The diagram 
represents the manual assembly process in terros of the sub-tasks and events that begin 
and end the task as well as the sub-tasks that progress the task towards completion. This 
information was obtained through observation of the shop-ftoor assembly unit and interviews 
with the parties involved. The process is broken down into 4 events, 3 of which are sub-tasks 
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which can be further broken down. In figure 2 the ACCESS CIRCUIT DRAWINGS sub
task is broken down as illustrated, indicating the sequence and selection of events. THD's 
are an abstract representation of user tasks. They do not include mention of such things as 
input devices which are amenable to change and therefore constrain the design. There is also 
contextual information, which is gathered during user analysis. This is useful for identifying 
inadequacies in the present system and should be recorded on THD's along with the tasks to 
which they apply. 

A further analysis, which I have not represented here, is the Knowledge Representation Gram
mar for the system. The information for this grammar is obtained through interview responses 
from engineers and shop-floor workers. It is used as a means of extracting actions and objects 
involved in the process. The Action list is a catalogue of the actions appearing in the sen
tences of the Knowledge Representation Grammar. An action is any operation, physical or 
mental, which is performed by the users e.g. Open Job or Choose Circuit Card Group. 
Actions are not unique to tasks: for example the following action (Accept) is used on more 
than one object ,in fact it has 3 different tasks e.g. Accept - Page Completed/ Circuit/ 
lnstructions satisfied. 

Figure 3 shows the action list for the system. 
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5 System Components 

The components for the system are shown in Figure 4. 

pesqiptiOQ 

Continue transaction on the basis of 
lnfornatlon ava!lable. 

Provide-or further lnfornatlon. 

Acquira informatlon velbally. 

Compare the Seraan with the Circuit 
Board. 

Selecttrom optlona. 

Perform action to proceed. 

Phyalcally f!nd whare the coll'pOnents 
erelltuated on the shelf. 

Dedde what has to be done. 

Click on open button • 

. Cany out New .lnatructlona. 

Not aatlsfactory or co""leta. 

Make sectlona larger or smaller. 

The input component contains an auditory input device, a keyboard and a mouse. The Input 
Coordinator accepts input from the three input devices and it preserves the order in which 
the inputs occurred. The Parser is extended to accept the input stream produced by the 
input coordinator and to produce an interpretation of this stream. The Execute Task 
component carries out the appropriate action. This could be ( 1) to move to the next page 
of the assembly instructions, (2) to obtain more information on a certain chip, (3) to obtain 
a different circuit diagram. The Output Unit analyses the results of the Execute Task 
component an~ deci4~~ 1tow t}lese results .should be .co:o;m;mnicated to the user. ·The Output 
Unit thenproduces visualfauditory output. This module is responsible for ensuring that 
the corresponding output is carried out in the correct sequence. The Output Component 
contains both a visual component ( text and graphics output) and an auditory component 
(speech output). 

The system also uses Knowledge Sourees (Me Caffery, McTear, Murphy 94a] for under
standing the input to the system and generating the output from the system. These are: 

(1) a lexicon which is collection of all morphemes, tokens and signals that carry meaning in 
a given language. 

(2) a grammar that defines how the components of the lexicon can combine to form Ie
gal composite language structures. The lexicon and the grammar together define the 
multimodallanguage used by the system. 

(3) a focus model that is used to avoid ambiguous reference by highlighting the object most 
relevant to the user's task. 
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Figure 4 System Components 

( 4) a user model that takes into consideration the user's level of expertise in performing the 
current task as well as preferences concerning mode of communication. 

{5) a database of shop-aids components which includes all the information concerning a 
particular component that may he assembied on a circuit board on the shop floor, this 
may include both operator information and technica! information. 

{6) a help module ensuring that the user gets the appropriate help (at the right technica! 
level) and not pages of irrelevant information. 

6 Media Selection and Allocation 

The Output Unit is responsible for the message content and mode select ion. The chief 
question is how to di vide a communicative goal into subgoals which can be satisfied by specific 
mode generators so that they complement each other. This is resolved in this project by the 
use of the Output Unit. Routines have been designed which decide on the appropriate 
output for a particular circumstance and this is based on a strategy proposed by [Andre & 
Rist 90a] and the methods of [Moore & Swartout 89] for the operationalisation of the RST
theory for the planning of text. The routines are represented by a name, a header and the 
specifi.cation of main and secondary acts. The header indicates the communicative function. 
The main {MA) and secondary (SA) acts form the core of the routines, and in turn can be 
composed of main and secondary acts. The following scenario is used as an example in this 
paper to exemplify the functionality of the system. The aim of the following example task is 
to inform the operator to click on the 'button' on the screen in order to view another board 
layout on the next screen display, shown in Figure 5. 
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--
Click on the 'button' to move to the next board layout 

Figure 5. Sample Screen. 

The structure for the following example presentation is summarised in figure 6. First the 
operator is asked to (MA, Request ) "Click on the 'button'". To motivate this request, 
the goal, i.e. "To move to the next board layout" is mentioned, (SA, Motivation). Also a 
screen illustrating the button to be clicked ori, (SA~ Enable}, which in tnm is composed of 
the actual button, (MA, Show_button}, and (SA, Background}, the background upon 
which the actual button is displayed. 

Within a presentation we can refer to an act either by specifying the goal or by indicating the 
presentation routine to be used. The header is used as a link between routines and is used 
by a routine to access a sub-routine. The structure of the presentation routines for the above 
example are now illustrated as a sample of how a typical presentation goal is solved. 

Routine 1 occurs when the interface I requests an operator 0 to perform an action ?action 
in a mode which is currently undefined, however this value will become available later. It 
is useful to leave mode unspecified here as this routine may then be used for performing 
requests for every output medium. 

Routine (1) 
Name 

Explicit..Request :. 
He ader 

(Explicit..Request I 0 ?action mode) 
Main act 

(Request I 0 ?action model) 
Secondary acts 

(Motivate I 0 ?action mode2) 
(Enable I 0 ? action mode3) 

The main act of routine 1 calls routine 2 which presents the goal in both naturallanguage 
text and speech output, "Click on the button". 
The fust secondary act in routine 1 serves as the motivation factor for the goal and it is used 
to call routine 3. In routine 1 the mode of output was not specified i.e. mode2, however 
routine 3 now defines the mode of output within a 'Show' function. The 'Show' function 
would display a label (?x) on the interface display (?screen) using both text and speech 
(TEXT - SPEECH} as the medium of communication. The result of routine 3 is hence the 
naturallanguage text and speech output of "To move to the next board layout". 
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Figure 6. Hierarchical structure of goal "Click on the button to move to the next board layout". 

Routine (2) 
Name 

Request_press_button 
He ader 

(Request I 0 ?action mode) 
Main acts 

(Show I 0 (LABEL ?x) ?screen TEXT- SPEECH) 
Secondary acts 

Routine (3) 
Name 

Motivate_press_button 
He ader 

(Motivate I 0 ?action mode) 
Main acts 

(Show I 0 (LABEL ?x) ?screen TEXT- SPEECH) 
Secondary acts 

The remaining secondary act of routine 1 provides information which enables the operator 
to perform the actual "pressing of the button to obtain the next screen display". To present 
this information, routine 4 may be used which subsequently calls routine 5 and routine 6. 

Routine (4) 
Name 

Enable_show _button 
He ader 

(Enable I 0 ?action mode) 
Main acts 

(Show_button I 0 ?x ?screen model) 
Secondary acts 

(Provide....Background I 0 ?x ?screen model) 

Routine 5 displays the actual button (?x) on the interface display (?screen) using grapbics 
(GRAPHICS) as the medium of communication. 

231 



Routine (5) 
Name 

Show _button...icon 
He ader 

(Show_button I 0 ?x ?screen mode) 
Main acts 

(Show I 0 (BUTTON ?x) ?screen GRAPHICS) 
Secondary acts 

Routine 6 displays the background of the displayed screen i.e. the current board layout. 

Routine (6) 
Name 

Provide_background_button 
Header 

(Provide_background I 0 ?x ?screen mode) 
Main acts 

(Show I 0 (BACKGROUND ?x) ?screen GRAPHICS) 
Secondary acts 

It shonld also be noted that the temporal order may not follow the order of the main and 
secondary acts, e.g. the background may be shown before the button. Also in the case of 
an expert operator, there may be no need to motivate the operator as they will know the 
outcome of a partienlar action i.e. in this case pressing the button to receive the next board 
layout. 

We assume that the operator understands the conneetion between an object (?x) and its 
output screen representation (?screen). The interface explicitly reque$ts an operator . 0 .to 
understand a (Label) statement i.è. (?x) as plaèed on the sèrêen displáy .{?scre~n) in nat
urallanguage text and output as speech, i.e. 

(Show I 0 (Label ?x) ?screen TEXT-SPEECH) 

The previous example shows theoretically the principles that form the main structure of the 
Output Unit, however the actual system differs slightly, but for ease of understanding the 
differences shall not be investigated within this paper. 

The partienlar media chosen for output allocation is based on rules by [Arens, Hovy, 
Vossers, 93] . These rules are currently used extenal to the system as a means of deciding 
which media shonld be chosen for a partienlar instance, however it is planned to develop the 
system such that these rnles may be used within the system to decide what medium shonld 
be used fora partienlar output. Next, examples are shown ofhow these rules may be applied 
to produce sample displays. We present three simple tasks in parallel given the following: 

1. Task: the task of presenting a RAM chip (as a chip to be used on circuit board) 
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Table 1 
Coordinat• Name Photog111ph 

lnformation 40,20 TMS4416-15NL Ramchip 

Dimensi<mality double single complex 

Volume liltie singular singular 

Density dense discrete den se 

Transience de ad de ad de ad 

Urgency routine routine routine 

2. Available information {three separate examples): the coordinates of the chip, the 
name of the chip, and a photographic image of a chip with a code name TM54416-
15NL. 

3. A vailable media: board layout diagram, spoken and written naturallanguage, pho
tographic pictures, tables, graphs, ordered list, and unordered lists. 

Table 1 shows the characteristics of the information to be presented, for information concern
ing this refer to [Arens, Hovy, Vossers, 93]. 

The allocation rules classify information characteristics with respect to characteristics of me
dia. The medium with the most suitable characteristics is then selected to perform the task. 

Handling the coordinates 
The rules specify that information with double dimensionality are best presented in a back
ground with a two dimensional value {i.e. board layout diagrams, pictures, tables and graphs ). 
Since there is little volume, transient media are not ruled out, however the value dense for the 
characteristic density rules out tables and the values for transience and urgency do not effect 
the outcome. Talring into account the rules dealing with the internal semantics of media, 
everything except the board layout diagram is immediately ruled out. 

Handling the name 
The code name TMS4416-15NL has single dimensionality and the rules specify that the 
background should be naturallanguage, and since the volume is singular - a transient medium 
is not ruled out. Also none of the other characteristics have any effect on the possible medium 
to be selected, leaving the possibility of communicating the single name TMS4416-15NL or 
of speaking or writing a sentence such as "this is RAM chip TMS4416-15NL". 

Handling the photograph 
The photograph has a complex dimensionality, for which the rules specify that the only 
possible solution is to simply represent the photograph itself. 

7 Theoretica! Issues- ( the requirements of the system) 

(i) The question of media selection and integration for input and output. As 
well as the rules above, the selection of a partienlar medium may be determined either in 
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terms of the task involved or in terms of a preferred user style of communication. An obvious 
example of task-related selection is where speech is chosen as the input medium if the operator 
is working with a circuit board and keyboard input is inconvenient. Speech would also be 
particularly useful when presenting messages to attract the operators attention and other 
information when the operator is unable to attend to the screen. Graphics would be a useful 
medium for showing the circuit board chip and highlighting areas of the circuit board, while 
naturallanguage would be appropriate for textual messages, as well as an accompaniment to 
graphical displays. 

The integration of these different modes of interaction brings several advantages. Poten
tial ambiguities and misconceptions may be eliminated if two media are used together, for 
example, having a picture combined with a textual explanation. 

(ii) The provision of system adaptivity through user modelling. · " · 
The second requirement for the system is that the dialogue should match the user's prefer
ences and level of technica! expertise. This is achieved through a user model which contains 
information a bout users that is relevant to the dialogue behaviour of the system. More specifi.
cally, user modelling involves acquiring and storing information a bout users and then utilising 
this information to guide the behaviour of the system ([Kobsa & Wahlster 89] and [McTear 
93]). At present the acquisition of user information is achieved simply by asking users to 
select their own classifi.cation. This involves selecting between different levels of technica! 
expertise (novice, expert, or technica! ). Similar classifi.cations of user type and level have 
been used widely ([Chin 89] and [Murphy & McTear 93]). It is recognised that this basic 
method of user classifi.cation is not without its problems. A false classifi.cation may arise if 
users over-estimate or under-estimate their abilities. Furthermore, users may be an expert in 
some parts of the system, but a complete novice in other areas. One possible solution would 
be to provide a more dynamic user model which could be amended according to inferences 
basedon the ongoing dialogue, such as the timetheuser takes to respond toa prompt, the 
type of error messages displayed, or the detail of help provided ([Murphy & McTear 93]). 

The user model cOinponent is )ls,ed to· provide adaptation to input mode as well:as output .. · 
content and mode. As far as input mode is concemed, experts would be allowed the use of 
features such as abbreviations, and typing and answering ahead, while novice users would 
be provided with default answers and multi-level help. The use of synonyms would enable 
individual users to choose the most natural identifi.ers, while partial matching would reduce 
input errors for all types of user. The main benefit of the user model for the present system 
lies with the output as it is possible to provide a personalised interface for each user. U seis · 
are further differentiated according to their level of expertise, which determines the nature of 
the information provided. Novice users receive detailed information, expert users receive brief 
descriptions with more technica! details included, and technica! users receive technica! details 
conceming the circuit boards and are permitted to add new components to the circuit board 
and this automatically updates the database. This classifi.cation is rudimentary at present 
but is to be validated empirically. One potential enhancement would be to differentiate the 
information along the lines suggested by ([Paris 88]) i.e. process-oriented information for 
novices and structure-oriented information for more advanced users. 
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8 Related Work 

An example of a similar system that combines naturallanguage and graphics is WIP :Knowledge
based Presentation of lnformation [Wahlster 91]. WIP generates a variety of multimodal 
documents from an input consisting of a formal description of the communicative intent of 
a planned presentation. Other examples of multimodal dialogue systems include: ALFresco 
[Stock 91], which displays short video sequences about Italian frescoes on a touchscreen and 
answers questions about details of the videos and CUBRlCON [Neal & Shapiro 91] which is 
an intelligent interface to a system for mission planning and situation assessment in a tactical 
air control domain. Thus it can be seen that intelligent multimedia is a research domain full 
of unresolved issues of considerable complexity, including the technica! aspects of combining 
different media, questions of system architecture, and the ergonornies of software design. 

9 Future areasof research 

Currently all the components mentioned in the paper are in place, however the system could 
be enhanced by increasing the level of adaptivity within the project, and by incorporating 
output media allocation rules within the system. We see this work as contributing to research 
on intelligent multimedia interfaces. At present the 'intelligence' of the system resides mainly 
in the use of a user model to provide an adaptive interface for the user in terms of levels of 
system output as well as input and output modes. Future work is likely to focus on providing 
an intelligent method for the selection and coordination of media, based both on the user's 
current task and the information in the user model. Some empirica! investigations will also 
be required to validate the usability of the system for the relevant groups of users and to 
determine user preferences for different media as well as the effectiveness of the interface. 
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Abstract 

We describe an implemented system which automatically generates and animates con
versations between multiple human-like agents with appropriate and synchronized speech, 
intonation, facial expressions, and hand gestures. Conversations are created by a dia
logue planner that produces the text as well as the intonation of the utterances. The 
speaker/listener relationship, the text, and the intonation in turn drive facial expressions, 
lip motions, eye gaze, head motion, and arm gesture generators. 

Key words: discourse generation, spoken intonation, conversational behavior, gesture 
and facial animation. 

1 Introd netion 

Conversation is an interaction between agents, who cooperate to achieve mutual goal using 
spoken language (words and contextually appropriate intonation marking topic and focus), 
facial movements (lip shapes, emotions, gaze direction, head motion), and hand gestures 
(handshapes, points, beats, and motions representing the topic of accompanying speech). 
Without being able to deploy all of these verbal and non-verbal behaviors, a virtual agent 
cannot be realistic, believable. To limit the problems (such as voice and face recognition, and 
conversational inference) that arise from the involvement of a real human conversant we have 
developed a dialogue generation system in which two copies of an identical program, differing 
only in their specific knowledge of the world, must cooperate to accomplish a goal. Bath 
agents of the conversation collaborate via the dialogue to construct a simple plan of action. 
They interact with each other to propose goals, exchange information, and ask questions. 

The work presented builcis on a considerable body Of research on the relation between 
gesture, facial expression, discourse meaning and intonation. Most of this research has been 
purely descriptive lacking any formal theory relating form to discourse meaning. We present 
a fragment of a theory which allows us to control and verify the communicative models. The 
development of such a formal theory is as central a goal of the research as is its exploitation in 
animation. We have used it to develop a high-level programming language for 3D animation, 
which we view as a tooi to investigate gestural and facial behavior tagether with spoken 
intonation, within the context of a dialog. 

This language allows users to automatically animate conversations between multiple human
like agents with appropriate and synchronized speech, intonation, facial expressions, and hand 
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gestures. In people, speech, facial expressions, and gestures are all the reileetion of a single 
system of meaning. While an expert animator may realize this unconsciously in the "look" 
of a properly animated character, a program to automatically generate motions mustembed 
this knowledge in a system of rules. A fuller report of some aspects of this work appears in 
[7] and [8]. 

1.1 Literature on Facial Animation 

Various systems have been proposed for facial animation. Since animating faces manually 
is very tedious and requires the skill of a talented animator, parameterized, rule-based or 
analysis-based approaches have been studied. 

The set of parameters from Parke's model [42] distinguished conformation parameters 
from expression parameters. This set was then extended by adding speech parameters to 
include lip synchronization [24] , [44], [41], [10]. Cohen et al. [10] ~ses overlapping dominanee 
functions to consider coarticulation pheno.menon. . · 

Rule-based systems are based on a set of rules to drive automatically the animation. 
Multi level structures offer a higher level animation language [29], [43]. At the lower level 
the deformation controller simulates muscle actions by moving some control points. At the 
higher level the expression controller defines facial expression and lip shape for sentences. 

Greater realismat the expense of synthetic control comes from analysis-based techniques 
which extract information from live-animation. The computed movement information is in
terpreted as muscle contractions and is given as input to the animation system [18], [58]. 

Takeuchi [56] propose a categorization of facial expressions depending on their communica
tive meaning, and implement this framework in a user-interface where a 3D synthetic actor 
recognizes the words pronounced by a user and generates a response with the appropriate 
facial displays. 

1.2 Literature on Gesture Animation 

A "Key-framing" technique is commonly used to create arm and hand motions. Rijpkema 
and Girard [52] created.handshapes automatically based on the·.object being gripped. The . 
Thalmanns [20, 37] improved on the hand model to include much better skin models and 
deformations of the finger tips and the gripped object. Lee and Kunii [32] built a system 
that includes handshapes and simple pre-stored facial expressions for American Sign Lan
guage (ASL) synthesis. Dynamics of arm gestures in ASL have been studied by Loomis et 
al [35]. Chen et al [9] constructed a virtual human that can shake hands with an interactive 
participant. Lee et al [33] automatically generate lifting gestures by considering strengthand 
comfort measures. Moravec and Calvert [6] constructed a system that portrays the gestural 
interaction between two agents as they pass and greet one another. Behavioral parameters 
were set by personality attribute "sliders" though the interaction sequence was itself pre
determined and limited to just one type of non-verbal encounter. 

1.3 Literature on Dialog and Intonation Generation 

Generation of naturallanguage is an active area of current research, comprising several inde
pendent subproblems. In a high-level phase, generation systems typically identify, organize 
and sequence material to he presented todetermine the overall structure of a contribution to 
discourse (e.g., [28, 40]). An intermediate process then structures ideas into sentence-sized 
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units and determines words and referring expressions to use (e.g., [13, 39]). A final phase 
realizes the resulting structures as sentences using linguistic knowledge (e.g. [54]). A good 
survey of how these tasks are performed in a several recent systems can he found in [51]. 

A few other researchers have attempted to automatically generate both sicles of a dia
logue [46, 25, 4, 21, 60] and to generate communication in the form of text and illustration 
presented simultaneously [19, 59]. Generating speech and gesture for conversations between 
two animated agents requires a synthesis of techniques in both areas. 

A number of researchers have investigated the problem of automatically generating into
national contours in naturallanguage generation systems. Early work by Terken [57] is con
cerned with determining relative levels of givenness for discourse entities and applying pitch 
accents accordingly. The Direction Assistance program, designed by Davis and Hirschberg 
[14] determines a route and provides spoken directions for traveling between two points on a 
map, assigning pitch accent in the synthesized speech based on semantic notions of givenness. 
Work by Houghton, Isard and Pearson [26], [27] undertakes the similar task of assigning in
tonation to computer-generated, goal-directed dialogues. More recently, Zacharski et al. [61] 
have proposed a system for generating utterances and appropriate intonation in map-task 
dialogues. 

1.4 Example 

In this section of the paper we present a fragment of dialogue (the complete dialogue has been 
synthesized and animated), in which intonation, gesture, head and lip movements, and their 
inter-synchronization were automatically generated. This example will serve to demonstrate 
the phenomena described here, and in subsequent sections we will return to each phenomenon 
to explain how rule-generation and synchronization are carried out. 

In the following dialogue, imagine that Gilbert is a bank teller, and George has asked 
Gilbert for help in obtaining $50. The dialogue is unnaturally repetitive and explicit in its 
goals because the dialogue generation program that producedit has none of the conversational 
inferences that allow human conversationalists to follow leaps of reasoning. Therefore, the 
two agents have to specify in advance each of the goals they are working towards and steps 
they are following (see Section 2.1). 

Gilbert: Do you have a blank check? 
George: Yes, I have a blank check. 
Gilbert: Do you have an account for the check? 
George: Yes, I have an account for the check. 
Gilbert: Does the account contain at least fifty dollars? 
George: Yes, the account contains eighty dollars. 
Gilbert: Get the check made out to you for fifty dollars 

and then I can withdraw fifty dollars for you. 
George: Allright, let's get the check made out to me 

for fifty dollars. 

When Gilbert asks a question, his voice rises. When George replies to a question, his 
voice falls. When Gilbert asks George whether he has a blank check, he stresses the word 
"check". When he asks George whether he has an account for the check, he stresses the word 
"account". 

Every time Gilbert replies affirmatively ("yes"), or turns the fioor over to Gilbert ("all 
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right"), he nods his head, and raises his eyebrows. George and Gilbert look at each other 
when Gilbert asks a question, but at the end of each question, Gilbert looks up slightly. 
During the brief pause at the end of affirmative statements the speaker ( always George, in 
this fragment) blinks. To mark the end of the questions, Gilbert raises his eyebrows. 

In saying the word "check", Gilbert sketches the outlines of a check in the air between 
him and his listener. In saying "account", Gilbert forms a kind of box in front of him with 
his hands: a metaphorical representation of a bank account in which one keeps money. When 
he says the phrase "withdraw fifty dollars," Gilbert withdraws his hand towards his chest. 

1.5 Communicative Significanee of the Face 

Movements of the head and facial expressions can be characterized by their placement with 
respect to the linguistic utterance and their significanee in transmitting information [53]. The 
set of facial movement clusters contains: syntactic functio!Ls accompany the flow of speech 
and are synchronized at the verballeveL Facial movement can appear on accented syllable ·or 
a pause (like raising the eyebrows while saying "Do you have a blank CHECK?"); semantic 
functions can emphasize what is being said, substitute fora wordor refer to an emotion (like 
smiling when remembering a happy event "It was such a NICE DAY"); dialogic functions 
regulate the flow of speech and depend on the relationship between two people (smooth 
turns1 are often co-occurrent with mutual gaze). These three functions are modulated by 
various parameters: speaker and listener characteristic functions convey information about 
the speaker's social identity, emotion, attitude, age and listener functions correspond to the 
listener's reactions to the speaker's speech; they can be signals of agreement, of attention, of 
comprehension. 

1.6 Communicative Significanee of Hand Gestures 

We have taken McNeil's taxonomy [38] of gesture as a working hypothesis. According to this 
scheme, there are four basic types of gestures during speaking [38]. Iconics represent some 
feature of the accompanying speech, such as sketchinga small rectangular space with one's two 
hands while saying "Did you bring your CHECKBOOK?" ... . Metaphvrics ·represent an -abstract 
feature concurrently spoken about, such as forming ajaw-like shape with one hand, and pulling 
it towards one's body while saying "You must WITHDRAW money.". Deictics indicate a point 
in space. They accompany reference to persons, places and other spatializeable discourse 
entities. An example is pointing to the ground while saying "Do you have an account at 
Mellon or at THIS bank?". The system does not make any distinction between these three 
categories of gesture. They are all in effect lexical. Finally, Beats are small formless waves 
of the hand that occur with heavily emphasized words, occasions of turning over the floor to 
another speaker, and other kinds of speciallinguistic work. An example is waving one's left 
hand briefly up and down along with the stressed wordsin the phrase "Go AHEAD." 

1.7 Synchrony of Gesture, Facial Movements, and Speech 

Speech, gesture, facial expressions and gaze are intimately linked. We will assume as a working 
hypothesis that gestures are generated in synchrony with their semantically parallellinguistic 
units. The empirica! basis for this assumption remains to be established (in future work, in 

1 Meaning that the listener doesnotinterruptor overlap the speaker. 
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Figure 1: Architecture of each conversational agent 

fact, we regard our system partly as a tool for carrying out such investigations.) Depending 
on their functions, facial movements are synchronized at the phonemic segment, word or 
utterance levels [12], [30] although in cases of hesitations, pauses or syntactically complex 
speech, it is the gesture which appears first [38]. Facial expression, eye gaze and hand gestures 
do notdotheir communicative work only within single utterances, but also have inter-speaker 
effects. The preserree or absence of Confirmatory feedback by one conversational participant, 
via gaze or head movement, for example, affects the behavior of the other. A conversation 
consists of the exchange of meaningful utterances and of behavior. One person punctuates 
and reinforees her speech by head nods, smiles, and hand gestures; the other person can smile 
back, vocalize, or shift gaze to show participation in the conversation. 

2 Overview of System 

In our implemented system, we have attempted to adhere as closely as possible to a model 
of face-to-face interaction suggested by the results of empirica! research described above. 
In particular, each agent in conversation is implemented as an autonomous construct that 
maintains its own representations of the state of the world and the conversation, and whose 
behavior is determined by these representations. (For now, the two agents run copies of the 
same program, initialized with different goals and world knowledge.) The agents communicate 
with one another only by the symbolic messages whose content is displayed in the resulting 
animation. The architecture of a conversational agent is shown in Figure 1. 

In this section, we provide an outline of how each agent decides what to say, determines 
the contribution of this content to the conversation, and uses the resulting representations 
to accompany speech with contextually appropriate intonation, gesture, facial expression and 
gaze. 
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2.1 Dialogue Planner 

The selection of content for the dialogue by an agent is performed by two cascaded planners. 
The first is the domain planner, which marrages the plans governing the concrete actions which 
an agent will execute; the second is the discourse planner, which marrages the communicative 
actions an agent must take in order to agree on a domain plan and in order to remain 
synchronized while executing a domain plan. 

The input to the domain planner is a database of facts descrihing the way the world 
works, the goals of an agent, and the beliefs of the agent about the world, including the 
beliefs of the agent about the other agent in the conversation. The domain planner executes 
by decomposing an agent's current goals into a series of more specific goals according to the 
hierarchical relationship between actions specified in the agent 's beliefs about the world. Once 
decomposition resolves a plan into a sequence of actions to performed, the domain planner 
causes an agent to execute those actions in sequence. As these goal expansions and action 
executions take place, th-e domain planner also dictates discourse goals that an agent must 
adopt in order to maintain and exploit cooperation with their conversational partner. 

The domain planner transmits its instructions to take communicative actions to the dis
course planner by suspending operation when such instructions are generated and relinquish
ing control to the discourse planner. Several stages of processing and conversational interac
tion may occur before these discourse goals are achieved. The discourse planner must identify 
how the goal submitted by the domain planner relates to other discourse goals that may still 
he in progress. Then content for a particular utterance is selected on the basis of how the 
discourse goal is decomposed into sequences of actions that might achieve it. 

Following Halliday [23] and others [22], [36], [5], [55] , we use the terms theme and rheme 
to denote two distinct information structural attributes of an utterance.2 The theme roughly 
corresponds to what the utterance is about or the question under discussion. The rheme cor
responds to what the speaker has to contribute on that theme. Within information structural 
constituents, we define the semantic interpretations of certain items as being either focused 
or background. Items may he focused for a variety of reasons, including emphasizing their 
newness in the discourse or making contrastive distinctions among salient discourse entitiës. 
We also mark the representation of entities in-informatiorr structure with their status iri the 
discourse. Entities are considered either new to discourse and hearer (indefinites), new to 
discourse but not to hearer (definites on first mention), or old (all others) [50]. 

Distinct intonational tunes have been shown to he associated with the thematic and 
rhematic partsofan utterance for certain classes of dialogue [47], [48], [49], [55]. In particular, 
we note that the standard rise-fall intonation generally occurs with the rhematic part of many 
types of utterances. Thematic elements of an utterance are often marked by a rise-fall-rise 
intonation. 

Text is generated and pitch accents and phrasal melodies are placed on generated text as 
outlined in [55] and [47]. This text is converted automatically to a form suitable for input 
to the AT&T Bell Laboratories TTS synthesizer [34] 3 • When the dialogue is generated, the 
following information is saved automatically: (1) the timing of the phonemes and pauses, (2) 
the type and place of the accents, (3) the type and place of the gestures. 

2 Although note that we drop Halliday's assumption that themes occur only in sentence-initial position. 
Functionally similar distinctions in this context are topicfcomment, givenfnew, and the scale of communicative 
dynamism. 

3We suppressed TTS default intonation assignment algorithm. 
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Figure 2: Examples of symbolic gesture specification 

This speech and timing information is critica! for synchronizing the facial and gestural 
animation. 

2.2 Symbolic Gesture Specification 

The dialogue generation program annotates utterances according to how their semantic con
tent could relate to a spatial expression (literally, metaphorically, spatializeably, or not at 
all). Further, references to entities are classified according to discourse status as either new 
to discourse and hearer (indefinites), new to discourse but not to hearer (definites on first men
tion), or old (all others) [50]. According to the following rules, these annotations, tagether 
with the earlier ones, determine which concepts will have an associated gesture. Gestures 
that represent sarnething (iconics and metaphorics) are generated for rhematic verbal ele
ments (roughly, information not yet spoken about) and for hearer new references, provided 
that the semantic content is of an appropriate class to receive such a gesture: words with 
literally spatial ( or concrete) content get i co nies (e.g. "check" as in "do you have a blank 
check? or "write" as in "you can write the check", first and third frames in Figure 2); those 
with metaphorically spatial ( or abstract) content get metaphorics (e.g. "help" as in "will you 
help me?", second frame in Figure 2); words with physically spatializeable content get deic
tics (e.g. "this bank"). All of this is done by lexicallookup. Beat gestures are on the other 
hand generated for such items when the semantic content cannot he represented spatially, 
and arealso produced accompanying discourse new definite references (e.g. "wait for" as in 
"I will wait for you to withdraw fifty dollars", fourth frame in Figure 2). If a representational 
gesture is called for, the system accesses a dictionary of gestures (motion prototypes) that 
associates semantic representations with possible gestures that might represent them4 (for 
further details, see [7]). 

4This solution is provisiona.l: a richer semantics would include the features relevant for gesture generation, 
so that the form of the gestures could be generated a.lgorithmica.lly from the semantics. Note a.lso, however, 
that following [31] we are led to believe that gestures may be more standardized in form than previously 
thought. 
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After this gestural annotation of all gesture types, and lexicon look-up of appropriate forms 
for representational gestures, information a bout the d uration of intonational phrases ( acquired 
in speech generation) is used to time gestures. First, all the gestures in each intonational 
phrase are collected. Because of the relationship between aceenting and gesturing, in this 
dialogue at most one representational gesture occurs in each intonational phrase. If there is 
a representational gesture, its preparation is set to begin at or before the beginning of the 
intonational phrase, and to finish at or before the next gesture in the intonational phrase 
or the nuclear stress of the phrase, whichever comes first. The stroke phase is then set to 
coincide with the nuclear stress of the phrase. Finally, the relaxation is set to begin no sooner 
than the end of the stroke or the end of the last beat in the intonational phrase, with the 
end of relaxation to occur around the end of the intonational phrase. Beats, in contrast, are 
simply timed to coincide with the stressed syllable of the word that realizes the associated 
concept. When these timing rules have been applied to each of the intonational phrases in the 
utterance, the output is a series of symbolic gesture types and the times at which they should 
be performed. These instructions are used to generate motion files that run the animation 
system [2]. 

2.3 Symbolic Facial Expression Specification 

In the current system, facial expression (movement of the lips, eyebrows, etc.) is specified 
separately from movement of the head and eyes (gaze). In this section we discuss facial 
expression, and turn to gaze in the next section. 

P. Ekman and his colleagues characterize facial expressions depending on their function 
[16]. Many facial functions exist (such as manipulators that correspond to biologica! needs 
of the face (wetting the lips); emblems and emotional emblems that are facial expressions 
replacing a word, an emotion) but only some are directly linked to the intonation of the 
voice. In this system, facial expressions connected to intonation are automatically generated, 
while other kinds of expressions (emblems, for example) are specified by hand [45]. 

We are using FACS (Facial Action Coding System [17] to define facial expressions. 

2.4 Symbolic Gaze Specification' ' · 

In the current version of the program (as in most of the relevant literature) head and eye 
behaviors are not differentiated. head and eyes follow the same movement pattern, and gaze 
is defined in terms of head motion. We identify four primary categories of gaze depending on 
its role in the conversation [1], [11]. In the following, we give rules of action and the functions 
for each of these four categories (see Figure 3). · 

planning : corresponds to the first phase of a turn when the speaker organizes her thoughts. 
She has a tendency to look away (possibly in order to prevent an overload of informa
tion). On the other hand, during the execution phase, the speaker knows what she is 
going to say and looks more at the listener. For a short turn (duration less than 1.5 
sec.), the speaker and the listener establish eye contact (mutual gaze) [1]. 

comment : accompanies and comments speech, by occurring in parallel with accent and 
emphasis. Accented or emphasized items are punctuated by head nods; the speaker 
looks toward the listener. The speaker also gazes at the listener more when she asks a 
question. She looks up at the end of the question. 
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Figure 3: Facial expressions and gaze behavior corresponding to: "All right . <pause> You 
can write the check". 

control : controls the communication channel and functions as a synchronization signa!: 
responses may he demanded or suppressed by looking at the listener. When the speaker 
wants to give her turn of speaking to the listener, she gazes at the listener at the end 
of the utterance. When the listener asks for the turn, she looks up at the speaker. 

feedback : is used to collect and seek feedback. The listener can emit different reaction 
signals to the speaker's speech. Speaker looks toward the listener during grammatica! 
pauses to obtain feedback on how utterances are being received. This is frequently 
foliowed by the listener looking at the speaker and nodding. In turn, if the speaker 
wants to keep her turn, she looks away from the listener. If the speaker does not emit a 
within-turn signa! by gazing at the listener, the listener can still emit a back-channel 
which in turn may he foliowed by a continuation signal by the speaker. But the 
probability of action of the listener varies with the action of the speaker [15]; in partic
ular, it decreases if no signa! has occurred from the speaker. In this way the listener 
reacts to the behavior of the speaker. 

3 Parallel Transition Network 

Interaction between agents and synchronization of gaze and hand movements to the dialogue 
for each agent are accomplished using Parallel Transition Networks (PaT-Nets), which allow 
coordination rules to heencodedas simultaneously executing finite state automata [3]. PaT
Nets are a scheduling mechanism. They are able to take a decision, execute an action. 
They can call for action in the simulation and make state transitions either conditionally or 
probabilistically. Pat-Nets are scheduled into the simulation with an operating system that 
allows them to invoke or kill other PaT-Nets, sleep until a desired time or until a desired 
condition is met, and synchronize withother running nets by waiting forthem to finish or by 
waiting on a shared semaphore. 

PaT-Nets are composed of nocles and transitions between these nodes. Each node cor
responds to a particular state of the system. Transitions can he conditions or probabilities. 
When a transition is made the actions specific to the nocles are executed. In addition, the 
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PaT-Net notation is object oriented with each net defined by a class with actions and tran
sition conditions as methods. The running networks are instauces of the PaT-Net class and 
can take parameters on instantiation. This notation allows PaT-Nets to be hierarchically 
organized and allows constructing new nets by combining existing nets or making simple 
modifications to existing nets. 

All the behaviors specified above for gestures and gaze are implemented in PaT-Nets. 
First, a PaT-Net process parses the output of the speech synthesis module, one utterance 
at a time. Each agent has its own PaT-Net. A PaT-Net instanee is created to control each 
agent: probabilities and other parameters appropriate for each agent given the current role 
as listener or speaker are set for the PaT-Net at this moment. Then as agents' PaT-Nets 
synchronize the agents with the dialogue and interact with the unfolding simulation they 
schedule activity that achieves a complex observed interaction behavior. 

PaT-Nets are written in LISP. The input file is a list of lists. Each list has the form: 
("George" "Gilbert" "utterance-input" .10.0) · 
The number 10.0 specifies the starting time of the utterance (in seconds). "George" is the 

speaker, "Gilbert" is the listener and "utterance-input" is the current utterance. 
The PaT-Net parses each "utterance-input" and schedules actions when condition are 

true. It stops when there is no more phoneme. At this point the Gesture and Gaze PaT-Nets 
send information about timing and type of action to the animation system. The animation 
itself is carried out by Jack™ , a program for cantrolling articulated objects, especially 
human figures. 

The GAZE and GESTURE PaT-Net schedules motions as they are necessary given the 
current context in semi-real time. All motions do not need to be generated in advance. The 
animation is performed as the input utterances are scanned. It allows for interactive control 
and easiness of extension of the system. 

4 Gesture PaT-Net 

Upon the signaling of a particular gesture, additional PaT-Nets are instantiated; ifthe gesture 
is .a beat, the finite state machine representing .beats ("Beat-Nèt"} wm be called, and ·if a 
deictic, iconic, or metaphoric, the network representing these types of gestures ("Gest-Net") 
will be called. The separation in two PaT-Net comes from the fact that beats are superimposed 
over the other types of gestures; they arise from the underlying rhythmical pulse of speaking, 
while other gestures arise from meaning representations. Moreover beats are free movements; 
they are not tied to a particular gestures like the iconic or emblems movements. Beat-Net 
takes this freedom in consideration when computing beats gestures. 

The newly created instauces of the gesture and beat PaT-Nets do not exit immediately 
upon creating their respective gestures; rather, they pause and await further commands from 
the calling network, in this case, parse-Net. This is to allow for the phenomenon of gesture 
coarticulation, in which two gestures may occur in an utterance without intermediary relax
ation, i.e. without dropping the hands or, in some cases, without relaxing handshape. Once 
the end of the current utterance is reached, the parser adds another level of control: it farces 
exit without relaxation of all gestures except the gesture at the top of the stack; this final 
gesture is foliowed by a relaxation of the arms, hands, and wrists. 

t Jack is aregistered trademark of the University of Pennsylvania. 
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Figure 4: PaT-Net that synchronizes gestures with the dialogue at the phoneme level. 

The following example illustrates how gesture PaT-Net acts on a given input. Intonation 
and gesture streams are specified. 

Intonation: do you have@lstar a blank@lstar check@lstarhhs 
Gesture: do@st(icon-check-gesture) you have@btpr a blank@bt check@skrxed 

'Check' receives a pitch accent ('lstar' stands for low pitch accent) and 'blank' a secondary 
stress. The beat gesture ('bt') beginsits preparation phase ('btpr') on 'have'. lts stroke ('sk') 
falls on 'check' and the relaxation phase ('rx') starts afterwards and ends at ('ed'). Since 
'blank' receives a secondary stress, the beat gestures falls there and is superimposed over the 
iconic gesture. 

Gestures are mainly produce by speakers and not by listeners [38]. The timing of a 
gesture follows the change of speaking turns. The end of a gesture coincides with the end 
of a turn. In the case a gesture does not have time to finish, it is foreshortened. Another 
reason for foreshortening is anticipation of the next gesture to he produced in a discourse. 
In anticipatory co-articulation effects, most often the relaxation phase of the foreshortened 
iconic, metaphoric or deictic gesture and preparation phase of the next gesture become one. 

4.1 Gesture Animation 

The gesture system is divided into three parts: hand shape, wrist control, and arm positioning. 
Each three can he specified independently of the other. The first, hand shape, relies on an 
extensible library of hand shape primitives based on the American Sign Language Alphabet. 
It allows also relaxation position. The velocity of handshape changes is limited and allows 
the modeling of handshape co-articulation. Thus as the speed of the gesture increases, the 
gestures will 'coarticulate' in a realistic manner. 
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The wrist motion is specified in terms of the hand direction relative to the figure (e.g. 
fingers forward and palm up). Joint limits allows the wrists to move in a realistic manner. 
Beat gestures are a specialized form of wrist motion. The direction of the movement depends 
on the current wrist position. 

The arm motion system accepts general specifications of spatial goals and drives the arms 
towards those goals within the limits imposed by the arm's range of motion. The arm may be 
positioned by using general directions like "chest-high, slightly forward, and to the far left". 

5 Gaze PaT-Net 

Each of the four dialogic functions (planning, comment, control and feedback) appears as a 
sub-network in the PaT-Net. Each sub-network is represented by a set of nodes, a list of 
conditions and their associated actions. Moreover each node is characterized by a probability. 

Each node of the GAZE PaT-Net is characterized by a probability. The choice of these 
probabilities is based on evaluation of conversation between two persons. We analyze where 
and when a person is gazing, smiling and/or nodding. Each of these signals receive binary 
value: 1 one it happens (gaze is equal to 1 when a person is looking at the other person, 
0 when looking away). The conversation is annotated every tenth of a second. Six turn
states are considered, three per agent. When an agent hold the floor she can be speaking 
while the other agent is pausing (normal turn) or speaking (overlapping talkor occurrence of 
backchannel), or she can be pausing as well as the listener. For each of these turn-state we 
compute the co-occurrence of signals: nod, smile and/or gaze. Then probability of occurrence 
is computed: each node of the PaT-Net corresponds to a particular configuration of a given 
turn-state and an occurrence of a given signa!. E.g. the occurrence of a "within-turn signa!" 
as we defined it corresponds to the action: agentl looks at the agent2 while having the floor 
and pausing. Probabilities appropriate for each agent given the current role as listener or 
speaker are set for the PaT-Net before it executes. 

Figure 5 shows the GAZE PaT-Net configuration. Node narnes are written in bold, actions 
in italic and conditions are specified on the arcs.Two sub-PaT-Nets are built: Head-Start and 
Gaze-Start. The differentiation refers only to the type of movements to bè performed/ :Asit -
can be noticed for a same condition different actions can occur. These actions are separated 
in two: gazing at or away from the other agent, and other head movement (nod, shake ... ). 

Each dialogic function is associated with a set of nodes. A node is entered only if the 
input condition is true. The corresponding action is occurring only if its probability allows it 
(this check is clone every time; that is when a condition is true, the action is performed only if 
the probability allows it. Since it is clone in each case we are not repeating it). As an example 
the dialogic function planning is defined by the following nocles and conditions: if a short 
turn is detected then the node G-Short-Turn is entered. The associated action is: the speaker 
and listener look at each other. The other node corresponds to the first phase of a turn: 
begin-turn 5 where the speaker looks away. While the function comment is represented by: 
if an accent or a question is detected the corresponding action is executed. 

5 A beginning of a turn is defined as all the phonemes between the first one and the first accented segment. 
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1-------------fEXJT 

Figure 5: GAZE PaT-Net 
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5.1 Gaze Animation 

For each phoneme, the GAZE PaT-Net is entered and decides whether or not the head should 
move. A transition is made on the node whose condition is true. If the probability of the 
nocles allows it, the action is performed. In such a case no further actions are possible during 
the duration of the considered action; that is PaT-Net scheduling is disallowed and delayed 
until the end of this action. No co-occurrent actions are permitted. If no action is performed 
on a phoneme the PaT-Net waits for the next available phoneme. 

Some actions performed by an agent influence the behavior of the other agent. In the 
case of the feedback node, different branching is possible depending is the action "looking 
at the listener" is performed or not by the speaker (corresponding to a within-turn). The 
probability associated with a back-channel ( "listener looking away from speaker") vary. It is 
smaller if the speaker does not look at the listener ( an occurrence of a back-channel has lesser 
chance to happen) and greater otherwise. 

Head motions are performed by tracking an invisible object. The object is placed in the 
current environment. The head follows the moving object. All swing, nod, turn movements 
are obtained by giving new coordinates to the object. A head movement is performed by 
giving the new position of the object, the starting time and duration of the movement. The 
head velocity has an easy-injeasy-out pattern, that is it accelerates at the beginning and 
decelerates before stopping. It allows for smoothness of movement. A nod is simulated by 
moving the invisible object in the vertical plane while swing and turn are executed by moving 
it in the horizontal plane. Each of these displacements takes as parameters the number of 
times to perform the move (simulation of multiple nods or swings), and distance (execution of 
large or small head nods). Varying these parameters allows one to use the same function for 
different conditions. For example, when punctuating an accent, the speaker's head nod will 
be of larger amplitude than the feedback head nods emitted by the listener. A gaze direction 
is sustained until a change is made by another action. 

We illustrate a PaT-Net execution with the following example: 

Gilbert: Get the chEck made OUt to you for fifty dollars <pause> And 
thEn . <pau.se> I can wi thdrAw, fifty dollars for you .. · · 

planning : This utterance is not short so the node short-turn is not entered. But for the 
first few phonemes of the beginning of the example utterance (in our example "Get the 
eh"), the node beginning-turn is entered; the condition of being in a beginning of turn 
is true but its probability did not allow the action speaker gazes away to be applied. 
Therefore the speaker (Gilbert) keeps his current gaze direction (looking at George). 

comment : In our example, on accented items ("chEck", "thEn" and "withdrAw"), the 
node accent of the function comment is reached. In the first two cases the probability 
allows the actions speaker gazes at the listener to he performed by Gilbert, while 
nod-once by Gilbert results on "withdraw". 

control : At the end ofthe utterance6 (corresponding to "fifty dollars for you" here), speaker 
and listener perform an action: speaker gazes at listener from the node end of 
turn and listener gazes at the speaker and up from the node turn request. 

6 End of turn is defined as all the phonemes between the last accented segment and the last phonemes. 
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feedback : The two intonational phrases of our example (get the check made out to you for 
fifty dollars and and then) are separated by a pause; this corresponds to a within-turn 
situation. The node G-feedback is entered. If the probability allows it, the action 
speaker gazes at the listener is performed7• After a delay (0.2 sec., as specified 
by the program), the probabilities associated with the actions is checked once more. lf 
allowed the node back-channel is reached and the action can happen: listener gazes 
at the speaker. In either case, the final step corresponds to the reaching of the node 
speaker-continuation after some delay. The action speaker gazes away from the 
listener is then performed. 

6 Facial Expression Generation 

Facial expressions are clustered into functional groups: lip shape, conversational signal, punc
tuator, manipulator and emblem (see Section 2.3). Each is represented by two parameters: 
its time of occurrence and its type. Our algorithm [45] embodies rules to automatically gen
erate facial expressions, following the principle of synchrony. The program scans the input 
utterances and computes the different facial expressions corresponding to these functional 
groups. 

The computation of the lip shape is clone in three passes and incorporates coarticulation 
effects [45]. Phonemes are characterized by their degree of deformability. For each deformable 
segment, the program looks for the nearby segment whose associated lip shapes infiuence it. 
The properties of muscle contractions are taken into account spatially (by adjusting the 
sequence of contrading muscles) and temporally (by noticing if a muscle has enough time to 
contract or relax). 

A conversational signal (movements occurring on accents, like raising of eyebrow) starts 
and ends with the accented word; while punctuator signals (such as smiling) coincide with 
pauses. Blinking (occurring as punctuator or manipulator) is synchronized at the phoneme 
level. The extent to which the synchronie assumption holds for real human conversation is 
a question for future research. We hope this system and others like it will contribute to this 
further investigation by providing a simulation that can be controlled from the linguistic level. 

7 Conclusions 

Automatically generating information about intonation, facial expression, head movements 
and hand gestures allows an interactive dialogue animation to be created; fora non-real-time 
animation much guess-work in the construction of appropriate motions can be avoided. The 
resulting motions can he used as is, or the actions and timings can be used as a cognitively and 
physiologically justified guide to further refinement of the conversation and the participants' 
interactions by a human animator. 
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Abstract 

This paper describes topic management in naturally occurring information dialogues. 
Topic management is conceived as an aspect of dialogue control by which dialogue par
ticipants preserve local coherence in their conversation. A distinction is made between 
implicit and explicit topic management acts. For each of these kind of acts, a syntactic 
characterization is formulated and a description is given of how these individual acts are 
combined to form a topical structure that is intelligible for both dialogue participants. 

Key words: Dialogue analysis, cooperativity, topic management. 

One of the fascinating characteristics of a naturally accuring information dialogue is that 
the cooperation between the dialogue partners runs quite naturally and smoothly. The amaze
ment even increases if precise analysis of the actual utterances in the dialogues shows that the 
cooperation concerns all kinds of aspects of communication [ Allwood ( 1994), Bunt et al. (1993), 
Bunt(1994), Grau et al.(1994)]. Take for example the following dialogue: 

{1) **2063 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 

1: 
S: 

1: 

S: 
1: 
S: 

1: 
S: 
1: 

Inlichting Schiphol 
Ja, 
u spreekt met de Wijl 
Vlucht KL 550, 
hoe laat is die gepland? 
Die wordt nu definitief verwacht 
om vijf voor twaalf. 
Vijf voor twaalf? 
Ja hoor. 
Oke 
bedankt 
Tot uw dienst 
Dag 
Dag 

Schiphol lnformation. 
Yes, 
you are speaking with de Wijl. 
Flight KL 550, 
for what time is it scheduled? 
It is now definitely expected 
at five to twelve. 
Five to twelve? 
Yes. 
Okay, 
thank you. 
You're welcome. 
Goodbye. 
Goodbye. 

This dialogue, which is taken from a corpus of 111 spoken information dialogues recorded 
from the information service of Schiphol Airport illustrates that certainly not all utterances 
concern exclusively information exchange about the discourse domain. In fact, there are only 
two utterances that actually exchange information about the fact~g~-1 domain, utterances 5 
and 6. The rest is concerned with all kinds of other aspects of communication like showing 
contact, introducing yourself to the dialogue partner, introducing your topic, checking if you 
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have heard the information your dialogue partner gave you well, confirming your dialogue 
partner that he has understood your utterance well, closing and accepting the information 
exchange, thanking, re-thanking and greet ing your dialogue partner. These extra aspects, 
which have been named contact management, social oJ?ligations management, topic manage
ment, feedback, and discourse structuring [Bunt et a1.(1993), Bunt(1994)], are implicitly or 
explicitly addressed by the partners in the dialogue. 

Following [Bunt et a1.(1993), Bunt(1994)], utterances that concern these aspects will he 
said to express dialogue control acts. Dialogue control acts, which form the greatest part 
of the dialogue acts performed by utterances in a naturally occurring dialogue, regulate all 
kinds of aspects of the communication itself. They must he distinguished from the acts that 
exchange factual information about a factual domain. These other dialogue acts are called 
task-oriented acts, because they are motivated not by the communication itself but by some 
non-linguistic task like "to piek up somebody from the airport". By task-oriented acts people 
try to reach their noncomn:mnicative goal while dialogue control acts are the direct means by 
which the dialogue partners regulate their cooperation. 

A subclass of these dialogue control acts are topic management acts, which regulate that 
information is exchanged in such an orderly and understandable way that it is clear for 
both speaker and hearer what piece of new information is exchanged about what discourse 
entity. Topic management regulates that the new information in an individual utterance will 
he connected with an entity introduced in a preceding utterance. If there is no preceding 
discourse or a new connected discourse fragment has to he opened, it regulates that a new 
entity will he introduced. 

Topic management can he explicit or implicit. By an explicit topic management act, a 
speaker explicitly indicates about what entity he is going to ask, provide .. , -dependent on the 
communicative function of the ensuing act - information a bout. By explicit topic management 
acts, speakers restriet the domain of interpretation for the utterance(s) that follow(s) and 
arouse expectations about how ensuing utterances will he connected. An example of an 
utterance that expresses an explicit topic management act is utterance 4 in the dialogue 
above. The discourse entity that is introduced by this utterance "Flight KL 550" serves as 
the entity about which new information is asked in utteranc~ 5, provided in utterance . 6, .-
checked in utterancë 7 and confirmé(fin ûtt~r~nce 8. . . 

Besides explicit topic management there is also implicit topic management. Implicit topic 
management is in principle always present in utterances that play a role in the factual in
formation exchange in the dialogue. The utterances that perform the information exchange 
in the above mentioned example are utterances 4, 5, 6, 7, and 8. In utterances 5, 6, 7, and 
8 implicit topic management is available. Besides the fact -that these utterances explicitly 
express a wh-question, a wh-answer, a check and a confirmation respectively, they also ask, 
provide, check, and confirm the new information in conneetion with the topic introduced by 
utterance 4, and so they implicitly also performa topic management act (topic continuation). 

In what follows, topic management will he elaborated. The results are based on an empir
ica! study of a corpus of 111 spoken information dialogues. These are telephone conversations 
recorded from the information service of Schiphol Airport. People called the information ser
vice to get information about flights, and things that have to do with flights, e.g. passengers, 
luggage, and so forth. It will he shown that implicit topic management can he described 
by different combinations of six basic topic-comment structures and that special syntactic 
structures are used to perform explicit topic management acts. 
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1 U tterance topics 

The description of topic management will start with the attribution of utterance topics to 
individual utterances. Two intuitive definitions of the notions of topic and comment will be 
taken as a starting point (compare [Gundel(1985)], p.86): 

"An entity, T, is the topic of an utterance, U, iff U is intended to increase 
the addressee's knowledge about, request information about or otherwise get the 
addressee to act with respect to T." 

An information unit, C, is the camment of an utterance, U, iff C is " ... what is 
actually communicated, i.e., asserted, questioned with respect to the topic." 

The intuitive attractiveness of these definitions is that they do justice to both the dialogue 
act analysis and the intuitive ideas about topic management proposed above. However, they 
are not specific enough to give a rule for finding the topic of an utterance. 

To find such a rule it is useful tostart with the proposal of functional grammar [Halliday(1985) ]. 
Halliday proposes to describe the informational content of a clause1 by a theme-rheme di
chotomy. The theme is what the speaker selects as the point of departure of the clause. It 
usually contains an indication of how the semantic content of the utterance is linked with the 
preceding or ensuing clause(s). The remainder of the clause, the part in which the theme is 
developed, is called rheme. It usually contains information that is considered to be discourse
new. Thematic structure is expressed by word order. The clause starts with the theme and 
ends with the rheme. 

Halliday assumes a multiple theme. It can consist of three kinds of ingredients, which 
each have there own connective role: 

1. It can contain an expression of the structural and/or semantic relation of the clause 
with the preceding context. This can be a 

• continuative, e.g. yes, no, well, oh, now 

• conjunction, e.g. but, and, while 

• relative, e.g. which, that 

• conjunctive adjunct, e,g. for instance, moreover 

2. It can also contain an expression of the attitude or intention of the speaker with respect 
to the semantic content of the utterance. This can take the form of a 

• vocative 

• rnadal adjunct, e.g. probably, evidently 

• finite verb or wh-interrogative 

3. The last ingredient of the theme is the topic, the entity about which sarnething will be 
communicated. It can be: 

1 A clause is the basic unit for building complex sentences. Usually it is a simple sentence, but it can also 
he an incomplete simple sentence. A complex sentence like "/ would like to know if the KL 602 will amve in 
time" for example consistsof two clauses of which are both grammatically incomplete: "/ would like to know". 
and "i/ the Kl 602 will amve in time". 
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• the subject, (in)direct object, complement, circumstantial adjunct of the clause 
and it can also he represented by 

• a relative pronoun or a wh-interrogative. 

Ingredient one and two are optional. lngredient three, the topic is, if elliptic clauses and so
called topicless topic introducing utterances are not considered for the moment, obligatory. 
The order in which the three kinds of ingredients are presented bere is usually the order in 
which the several connectors occur and the topic is always at the end of the theme. This 
means that generally, the topic can he found at the beginning of an utterance and when more 
connectors are involved it can be found at the end of the theme. 

This seems to be a feasible rule for finding the topic of an utterance and in fact it was 
for most utterances in the corpus. The following example shows that the attractive result of 
this approach is that it generally leads to a very clear picture of the topicalline in a dialogue 
fragment. 

(2) **4258 

Theme Rheme Theme Rheme 
Topic Topic 

4 S: Weet u ook Do you know 
5 of het toestel if the plane 
6 dat eh .. van de AL Italia that uh .. of the Al Italia 
7 dat is vertrokken uit that departed from 

Rome om tien Rome at ten 
over tien past ten 

8 of dat al binnen is? if it already arrived? 

11 1: Eh .. die gaat om Uh .. it is going to land at 
half een landen a half past twelve 

12 dus over twee minuten so after two minutes 
13 0 nog twee minuten 0, still two minutes 

We see in this example that utterance 5 sets the discourse referent about which the 
following utterances will communicate and the topics of utterances 6,7,8,11,12 and 13 alllink 
explicitly (by a pronoun) or implicitly (by ellipsis) to that discourse refererif. · · 

Unfortunately however, the rule doesn't work very well forsome kinds of utterances. See 
the example below: 

(3) **5322 

Theme Rheme Theme Rheme 
Topic Topic 

5 S: Ik wou van u een inlichting I would like to get some information 
over de KL 775 about the KL 775 
van 26 februari of february the 26th. 

6 Waar stopt ie nog meer in Wh ere does it stop again in 
eh .. Europa? uh .. Europe? 

9 1: In Europa, stopt ie in Zurich en In Europe it will stop in Zurich and 
in Lissabon in Lisbon. 

10 S: In Zurich en in Lissabon In Zurich and in Lisbon. 
11 Ja Yes. 

For this dialogue fragment, application of the rule to the individual utterances doesn't 
result in a clear and intuitively acceptable topicalline for the whole fragment in spite of the 
clear intuition that there is one. That is because the topic of wh-questions and utterances with 
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fronted spatio- or temporal adjuncts isn't part of the theme. If we go back to our intuitive 
definition of topic and comment and ask ourselves " about what entity information is asked by 
utterance 6? " the answer would be "Flight KL 115". So we would expect the pronoun "ie" 
to refer to the topic. And if we ask ourselves the same question about utterance 9: "about 
which entity information is provided?" we get the same kind of answer. So we would expect 
the following topical analysis of the dialogue: 

(4) **5322 

Topic Topic 
5 S: Ik wou van u I would like to get 

een inlichting some information 
over de KL 775 about the KL 775 
van 26 februari of february the 26th. 

6 Waar stopt ie nog meer in Where does it stop again in 
eh .. Europa uh .. Europe? 

9 I: In Europa, stopt ie in Zurich en In Europe it will stop in Zurich and 
in Lissabon in Lisbon. 

10 S: In Zurich en In Zurich and 
in Lissabon in Lisbon. 

11 Ja Yes. 

So it seems as if a better rule for finding the topic of an utterance is taking the entity in 
subject position to be the topic of an utterance. We have to make an exception however for 
fronted objects. See the example below: 

(5) **4999 

22 S: 

23 I: 

24 

( ... ) 
Heeft u ook inzage in de 
passagierslijst 
Nee, passagierslijsten 
krijgen we niet 
die blijven achter in de plaats van herkomst 
( ... ) 

Do you also have access to the 
passengers list? 
No, passengers lists 
we don't get 
They stay at the place of departure 

Intuitively, we wouldn't say that utterance 23 gives information about "we". It is about 
"passengers list" that information is given. The continuation of that topic in utterance 24 
strengthens the impression that a topic shift has taken place. Soit seems that fronted objects 
refer to the topic and moreover have a special role in the topical development of a dialogue. 
This will be worked out later. At the moment we have found the general rule that the topic 
of a simple utterance with normal word order is represented by the subject and that for 
utterances with a fronted object2 or subject the topic is represented by the fronted object or 
subject (compare results [Gundel(1985)]). 

This rule for simple sentences can be extended to complex sentences in the following way: 
split the sentences in their simple clauses and attribute to each clause a topic according to 
the rule for simple utterances: 

2This is a direct object, an indirect object or a prepositional object. 
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(6) 
Topic Topic 
Ik heb waarschijnlijk het I probably dailed 

verkeerde nummer the wrong number 
gedraaid 

maar ik moet heel nodig eh .. but I need to speak very 
de handbagage-afdeling urgently uh.. with 
hebben. the left luggage. 

als u het echt wil weten, if you really want to know it 
kunt u maar gewoon het beste you could best 

vanavond even bellen. call this evening. 

kunt u mij zeggen Can you tell me 
of het vliegtuig if the plane 

uit Los Angeles op tijd is? from Los Angeles will he in time?3 

Also complex NP's will he split. Modifications as relative clauses, appositions, the second 
PP after another one, will heseen as an extra comment on the topic4 : 

(7) 
Topic Topic 

Weet u ook Do you know 
of het toestel if the plane 

dat eh .. van de AL Italia that uh .. of the AL Italia 
dat is vertrokken uit Rome that has departed from Rome 

om tien over tien at ten past ten 
of dat al binnen is? if that has already arrived? 

There will also he topicless utterances, like the first utterance in the example below: 

{8) 
Topic Topic 

komt nog maar een toestel. There will only come one plane 
Dat is van de KLM, That is of the KLM, 
die wordt hier op eh.. Schiphol verwacht That is expected here at Schiphol 

tien voor negen at ten before nine 

Generally, these will introduce topics into the dialogue. 

2 Topic-Comment Structures · 

Now that we knowhow topics and comments can he attributed to individual utterances, we 
willlook at the way in which these individual topics and comments can he combined to form 
topic-comment structures of whole dialogues. We will start from six basic topic-comment 
structures [Danes(1974), Scinto(1981)]: 

1. Topic continuity, in which case the topic of the first utterance is continued in the second 
utterance 

Graphic representation: 

3 An indirect question is supposed to request information about two topics: One topic on dialogue control 
level, the dialogue partner and one topic on the level of the discourse domain which is in this case the plane 
from Los Angeles. It is the next speaker's choice on which topic to elaborate. 

4In the corpus, very complex NP's are used to introduce a topic into the dialogue. These NP's cannot he 
seen as a part of one simple topic comment structure, because each extra modifying phrase really intends to 
give extra information about the topical referent. It is intuively more plausible to take these extra informative 
phases as extra comments on the topic. 
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u1 T1 -- -- c1· 
L 

u2 T2(= T1) -- -- c2 

See utterances 6 and 8 of example (9) below: 

(9) **1140 

5 S: De KL 602 uit Los Angeles, The KL 602 from Los Angeles, T1 

6 
7 I: 
8 

is die op tijd? 
Ja hoor, 
hij wordt om vijf over drie 
binnen verwacht. 

will it he in time? 
Sure, 
it is expected here 
at five past three. 

! 

2. Thematization of the comment, where (the newest part of) the camment of the first 
utterance is taken as the topic of the second utterance 

Graphic representation: 

u1 T1 ---- c1 
L 

u2 T2(:s; C1) -- -- c2 

See example (10) below: 

(10) **5322 

5 S: Ik wou van u 
een inlichting over 
de KL 775 van 26 februari. 

6 Waar stopt ie nog 
meer in eh .. Europa? 

I would like from you T1 
some information about 
the KL 775 on 26 February 
Where else does it 
stop in uh.. Europe? 

3. Topic-camment thematization, where the (partial) representation of the first utterance 
is taken as the topic of the second utterance. 

Graphic representation: 

u1 T1 ---
L 

U2 T2(= [ T1 -- --

See utterances 6 and 7 in example (11) below: 

(11) **1314 

5 I: 

6 S: 

7 1: 

Hij gaat landen 
om tien over drie. 
Landen om tien over drie? 

Dat staat vast. 

It is going to land 
at ten past three. 
Land at ten past three? 

That is certain. 

T1 
! 
T1 
! 

T2(= ( T1 

4. Topic iteration with camment iteration, where the camment of the first utterance is 
partially iterated and may be informationally enriched by the camment of the second 
utterance 

Graphic representation: 
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---- c1 
l 

-- -- C2(~ CI) 

See utterances 6 and 7 in example (12) below: 

{12) ** 4640 

6 ik kan u wel het nummer geven. but I can give you the number. T1 
7 S: 0, 0, ! 
8 wilt u dat dan geven, would you give that than ? T1 

5. Topic rhematization, where the previous topic is incorporated into the comment of the 
next utterance. 

Graphic representation: 

u1 T1 · - - -- c1 
l 

U2 T2 -- -- C2(> TI) 

See example (13) below 

{13) **4484 

9 I: Hij staat nog steeds gepland lt is still scheduled 
om vier uur aan te komen, to arrive at four o'clock, 

10 maar ik heb er nog but I have no T2 
geen berichten van hoor. news about it yet. 

6. Topic comment rhematization, where the previous topic and comment are incorporated 
into the comment of the next utterance. 

Graphic representation: 

~ n 
l 

U2 T2 ---- C2{=[ T1 

See example (14) below 

{14) **5124 

14 1: Eh met welke vlucht Uh with what fiight 
gaat die mee, is he going to leave, 

15 weet u dat? do you know that? T2 

Example (15) on the next page illustrates that these basic structures can be combined to 
form topic-comment structures for whole dialogues and as such can be used to describe the 
topical structure of a dialogue. 

In utterances 4 and 5 the topic the plane from Dubrovnick is introduced. lt is continued in 
utterance 6 and 7. Utterances 13 and 14 exemplify a topic shift. In utterance 13 the preceding 
topic has become part of the comment by a topic rhematization and in utterance 14 there 
is a shift back to that topic by a comment thematization. In utterances 17 and 18 the topic 
is continued again. In utterance 20 a topic shift occurs by topic comment thematization. In 
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(15) **4379 

1 I: Informatie Schiphol. Schiphol lnformation. 
2 S: Ja, goedemo ... middag Yes,good mo ... afternoon 

mevrouw. madam. 
3 Kunt u mij misschien Can ymi teil me 

ook zeggen 
4 is het toestel uit Has the plane from T1 

Dubrovnick, Dubrovnick, 1 
5 de JU 222, the JU222, T1 

1 
6 die om twaalf uur twintig that would arrive T1 c1 

op Schiphol zou komen, at Schiphol at 12.20, 1 
7 is die al geland? has that already landed? T1 02 

8 1: Even kijken, Let's see, 

9 een ogenblikje. a moment please. 

10 S: Alstublieft. Thank you. 

11 1: Hallo. Hello. 

12 S: Ja, mevrouw. Yes, madam. 
13 1: Nou, ik heb wel Well, I have had T2- C3(> TI) 

de JU 222 gehad, the JU 222, 1 
14 S: Ja, yes, 1 
15 1: maar die komt niet but it doesn't come T1 04 

vanuit Dubrovnick. from Dubrovnick. 1 
16 S: 0, 0, 1 
17 waar kwam die dan .. where did it then .. T1 Cs 

1 
18 uit Zagrev? from Zagrev? T1 Cs 
19 1: Ja. yes .. 1 1 
20 S: Ja, das ook goed. Yes, that is all right too. T3(=[ T1 Cs]) G7 

1 
21 I: Ja, die is geland hoor. Yes, it has landed. T1 Cs 

1 
22 kwart voor een. a quarter to one. T1 09 

1 
23 S: Kwart voor een. a quarter to one. T1 09 
24 Fijn, Fine, 
25 dank u wel. Thank you very much. 
26 1: Tot uw dienst hoor. You are welcome. 
27 S: Dag mevrouw. Goodbye madam. 
28 I: Dag mevrouw. Goodbye madam. 
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utterance 21 there is again a shift back to the preceding topic which remains in topic position 
by two topic continuations in utterances 22 and 23. 

The example also shows that the topic-comment connections can be interrupted by se
quences of dialogue control acts which do not really concern the exchange of factual infor
mation about the discourse domain. In this case, the topic-comment chain is interrupted by 
time-management acts (utterances 8, 9 and 10) and contact-management acts (utterances 11 
and 12). 

The topic shifts in this example, which are realized by topic rhematization, comment 
thematization and topic-comment thematization are only temporary. During these shifts the 
leading topic is still available to be picked up as a topic by the next utterance. It is possible 
to discern one clear topicalline for the whole dialogue. The question is now if the same can 
be said for the whole corpus. 

One argument in favour of this is given by table 1 on page 10, showing the frequencies of 
the structures: 

Table 1: The frequencies of the basic topic-comment struct ures 
Topic Cont inuity 735 
Comment Thematization 78 
Topic Comment Thematization 77 
Topic Iteration with Comment lteration 22 
Topic Rhematization 44 
Topic Comment Rhematization 8 

We see that topic continuation is most popular. lt is used 735 times, which is in far most 
of the cases. The topic comment structures that cause topic shifts are less frequent. This 
indicates a strong preferenee for topic continuity in the dialogues. 

But in spite of this result, it is still not clear what the impact of the shifts is in the 
dialogues. As the following table shows, not all structures realize a temporary shift: 

Table 2: Duration of topic shifts 
Temporary Permanent 
topic shift topic shift , 

Comment thematization 25% 75% 
Topic comment thematization 23% 77% 
Topic rhematization 45% 55% 
Topic comment rhematization 100% -

In fact , most of them cause a permanent one. Only topic comment rhematization causes 
in every case a temporary topic shift; This could mean that topic cont inuity is preferred after 
each topic introduetion and each topic shift, like in the following example: 
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(16) **6078 

1 I: Inlichtingen Schiphol. Schiphol Information. 
2 S: Ja, Yes, 
3 goedemiddag, good afternoon, 
4 u spreekt met ??? . you are speaking with ???. 
5 Ik wou even vragen, I wanted to ask, 
6 met British Airways, with British Airways, Tt 

! 
7 nummer vier veertien, number four fourteen, Tt 

! 
8 is die op tijd vertrokken has it left Tt Ct 

vanuit Londen? Londen on time? ! 

9 I: Momentje graag ... A moment please ... 
10 Hij moet inderdaad om vier It should indeed arrive at Tt c2 

uur binnenkomen vanmiddag, four o'clock this afternoon, ! 
11 maar of die verder op but whether it will arrive Tt CJ 

tijd komt, on time, ! ! 
12 dat weten we op that we don't know T2(=[ Tt CJ]) c4 

dit moment nog niet. yet at this moment. ! 
13 Dat krijgen we normaal That we are usually T2(=[ Tt CJ]) c5 

gesproken een half uur told a half hour ! ! 
van te voren door, in advance, ! ! 

14 voor de aankomst. before the arrival. T2(=[ T1 CJ]) C6(> C5) 
15 S: Goed, Good, 
16 bedankt. thank you. 
17 1: Tot uw dienst. You're welcome. 
18 S: Goedemiddag. Good afternoon. 
19 1: Goedemiddag. Good afternoon. 

After utterance 11, the topic is permanently shifted to "whether it will arrive in time". lt 
stays the topic until the end of the dialogue. In fact, there are two topical lines now, one 
about T1 and one about T2 . But that doesn't make the dialogue incoherent. 

We could still ask ourselves however if there are also dialogues that contain series of one 
topic shifting topic comment structure after another. See for example the next dialogue: 
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(17) **4505 

1 I: 
2 S: 
3 

6 I: 
7 

8 

9 S: 
10 1: 
11 S: 
12 1: 

13 S: 

14 I: 

15 S: 

16 I: 

17 S: 
18 
19 I: 
20 S: 
21 I: 

Schiphol Informatie. 
Juffrouw, 
ik wilde graag 
wat prijzen hebben 
en wat data van 
vluchten naar eh ... 
Geneve toe. 
Nou, 
voor die prijzen 

kuO:t u beter een 
ander nummer bellen. 
Ja 
Dat is nul twintig 
ja 
vier drie 

Vier drie 

vier twee 

vier twee 

nogmaals vier twee. 

vier twee. 
Hartelijk dank. 
Tot uw dienst hoor. 
Dag mevrouw. 
Dag. 

Schiphol lnformation. 
Miss, 
I would like Tt Ct 
to have some prices ! 
and some dates of ! 
fl.ighîs to uh ... ! 
Geneva. ! 
Well, ! 
for those prices T2(<C1) 

! 
you can better T2 c2 
call another number. ! 
yes ! 
That is o twenty Ta(< C2) 
yes ! 
four three Ta 

! 
four three Ta 

! 
four two Ta 

! 
four two Ta 

! 
once again four two. Ta 

! 
four two. Ta 
Thank you very much. 
You are wekome 
Goodbye madam. 
Goodbye. 

In this dialogue, there are two comment thematizations in a row, in utterance 7 and utterance 
10. The danger is of course that if there are too many successive topic shifts, the dialogue 
would lose its coherence. The foliowing tables show however that such series of shifts are 
in deed not preferred:. · 

Table 3· Complexity of topic shifts 
Temporary shifts Permanent shifts 

Simple Complex Simple Complex 
Comment thematization 89% 11% 77% 23% 
Topic comment thematization 100% - 87% 13% 
Topic rhematization 80% 20% 92% 8% 
Topic comment rhematization 100% - - -

Table 3 shows that most shifts are simple, which means that they are most of the time 
foliowed by one or more topic continuations. The next table shows that even series of shifts, 
i.e. shifts that are foliowed by other shifts, are not very complex. 

Table 4: Length of series of topic shifts 
2 3 

Comment thematization 85% 15% 
Topic comment thematization 87% 13% 
Topic rhematization 100% -
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The maximum length of such a series is three. So no more than three topic camment 
structures which cause a topic shift are used after each other. And even two are preferred. 
This means that in all dialogues co herenee is preserved by red ucing too many topic fading 
topic shifts and by a general preferenee for topic continuity. 

3 Topic breaks 

Most dialogues in the corpus are relatively short. Same are however relatively long. For those 
dialogues it is important to define topic breaks. Topic breaks are shifts to entities that cannot 
he directly related to the preceding utterances by one of the basic topic camment structures. 
At a topic break a connected chain ends and a new one is started. 

A very straightforward topic break is one where the dialogue partners simply end the 
information exchange about one entity and start with a new one: 

T1 ---- c1 
! 
T1 ---- c2 

T2 ---- c3 
! 
T2 ---- c4 

Another example of a topic break is the following: 

T1 ---- c1 
! 
T1 ---- c2 

! 

First, there an information exchange about topic T1. After the exchange is finished, a new 
one is started about a topic T2. And after that is finished an exchange is opened about T1 
again. 

The following schema illustrates another kind of topic break: 

T1 ---- - c1 

! 

T1 ---- c2 

! 

T1 ---- c3 

T4(= Cl) ---- c4 
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After an exchange about T1 is finished, a new one is started about an entity that was 
introd uced in one of the preceding comments. 

The last two kinds of topic breaks are illustrated by the following example: 

(18) **1345 

6 S: Eh .. er staat iemand Uh .. there is T1 c1 
van ons te wachten somebody of ours ! ! 
op Schiphol op een waiting at Schiphol for ! ! 
aankomend passagier an arriving passenger ! ! 
uit Engeland. from England ! ! 

8 1: Ja. Yes ! ! 
9 S: Maar die man is But that man bas ! T2(< Cl) 

inmiddels al gearriveerd. already arrived. ! 
10 I: Dan kunnen we Then we can page T3 C3(> Tl) 

de afhaler omroepen. your representative. ! ! 
11 S: Als u dat doen if you would T3 C3(> Tl) 

wil, graag. do that, please. ! 
12 I: Ja, Yes, ! 
13 wat is de naam what is the name T1 c4 

van die meneer? of that mister? ! ! 
14 S: Dat is That is T4(= [ T1 C4]) 

Van Der Velde. Van Der Velde. ! ! 
15 1: Van Der Velde. Van Der Velde. T4(= [ T1 C4]) 

16 En wat was de naam and what is the name T2 c6 
van de passagier? of the passenger? ! ! 

17 S: Eh .. dat was Uh .. that was Ts(= [ T2 C6]) 
eh .. meneer Glover, eh .. mister Glover, ! 

18 Gordon Glover. Gordon G lover. Ts(= [ T2 C6]) 

33 I: En meneer And Mister T1 
Van Der ... Van Der .. . ! 

34 S: En meneer And Mister T1 
Van Der Velde, Van Der Velde, ! 

35 die kan weer he can just T1 Cg 
gewoon terugkomen. come back again. ! ! 

36 1: Terug naar de PTT? Back to the PTT? Ti Cw(> Cg) 

37 S: Ja hoor. Yes. 

In this dialogue fragment there is first a connected chain of utterances about T1. Then there 
is a topic break between utterances 15 and 16. A connected chain is started about T2, an 
entity that was introduced in one of the earlier comments, in C1 . At utterance 32 this chain 
is also broken. In utterance 33, a topic is introduced that was topic before, T1. 

The fragment illustrated very well how breaks form the boundaries within which a locally 
connected piece of discourse occurs. 

4 Explicit topic management 

Explicit topic management acts are performed by utterances with a special syntactic structure. 
These are: 
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1. Left-dislocation, i.e. an NP, PP, or CP is moved in front of the sentence and in the 
open sentence its place is occupied by a pronoun. Example: 

(19) **2063 

4 Vlucht KL 550, Flight KL 550, 
5 hoe laat is die gepland? for what time is it scheduled? 

2. Topic topicalization, i.e. an NP, PP, or CP is moved in front of the sentence leaving a 
gap at the place of the fronted constituent5 . An example from the corpus: 

voor die prijzen for those prices 

(20) **4505 

7 I: 
8 kunt u beter een ander nummer bellen. you can better call another number. 

3. Right-dislocation, i.e. an NP, PP, or CP is moved to the end of the sentence and in the 
open sentence its place is occupied by a pronoun. Example: 

(21) **5503 

11 S: dat kan ook that is also possible 
12 dat ze via Parijs gaan that they go via Paris 

By expressing such a construction the speaker explicitly expresses about what entity 
he wants to communicate (the topic) and what he is communicating about it (comment). 
Actually, he performs two acts: an explicit topic management act, (re)introducing a topic or 
shifting a topic, and an informative act, i.e. a question, an answer or an inform about that 
topic. 

These constructions are always used where the dislocated referent is not the current topic, 
that is in the beginning of the dialogues, when a topic has to be introduced for the first time, 
and in the middle of a dialogue to shift topic like for instanee in utterance 7 in dialogue 
example (17) on page 11 or after a topic break like utterance 33 in dialogue example (18) 
on page 13. So by the explicit topic management act the referent is made the topic of the 
utterance(s) that follow. 

The next table gives more information about the use of these explicit topic management 
acts: 

Table 5· The use of explicit topic management acts 
Tot al Topic Temporary Permanent Topic Discourse- Dis course-

introductions topic shifts topic shifts break new entity old entity 
Left-dislocation 61 42 19 16 56 5 
Topic topicalization 13 3 10 7 7 6 
Right-dislocation 5 5 3 5 

We see that left-dislocation is mostly used for topic introductions and if it is used in the 
middle of a dialogue, it causes a permanent topic shift, that is most often a break. It mainly 

51n the corpus there are three kinds of topicalization: 

(a) topic topicalization, which is the topicalization of a topic, 

(b) focus topicalization, which is the topicalization of the new information, and 

(c) topicalization of a spatio- or temporal adverb. 

The topicalization that is talked about here is topic topicalization. 
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introduces discourse new entities into the dialogue. Topic topicalization is also mainly used 
for permanent topic shifts, that are both connected shifts and breaks. It causes shifts to both 
discourse-new and discourse old entities. Right-dislocation only causes temporary topic shifts 
and these are shifts to discourse-old entities. In about half of the cases the right-dislocation 
introduces a break. 

5 Summary 

We can end now with the observation that local coherence in naturally occurring information 
dialogues is regulated by implicit and explicit topic management. Implicit topic management 
is performed by following the linguistic convention to express the topic in subject position 
and to link that topic with the preceding context by one of the six basic topic comment 
structures. By explicit topic management acts speakers deviate from the general convention, 
and by doing so they · crèate a "marked" casè that asks èxtra attention · from the dialogue 
partner for the introduetion of or shift to a non-current topic. 
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Abstract 

The symbol grounding problem - how to give a symbol non-trivial meaning with 
respect to a real world environment - bas proved insoluble until the recent advance in 
neural networks which allows integrated processing of multi-modal sensory data, tagether 
with linguistic inputs. This paper briefly introduces the technology of weightless arti
ficial neural networks, which have several advantages other more widely known models 
when building large-scale systems. Methods for grounding concrete nouns and movement 
verbs in real gray-scale video input are then investigated experimentally, using a dynamic 
network known as a Neural State Machine. The simulations undertaken demonstrate re
silience of the system to noise and good generalisation properties, without the need for 
any specialised visual processing. 

Key words: weightless artificial neural networks, multi-modal sensory processing, symbol 
grounding. 

1 Introduetion 

This paper describes two groups of experiments carried out with a Neural State Machine 
(NSM) [1], built using Weightless Artificial Neurons called General Neural Units (GNUs) 
[2], and simulated in near reai-time using the interactive software simulator MAGNUS [3,4]. 
Visual input is provided to the system from real grey-scale video images, using the KITCHEN
WORLD environment. 

The experiments address the longstanding problem of how to ground linguistic symbols 
in order that artificiallanguage processing systems, such as might be used with robots, can 
use language without needing a human intermediary to translate every input to the processor 
into its own closed symbol system. 

2 The Symbol Grounding Problem 

The Symbol Grounding Problem [5] is a perennial problem for all artificial approaches to 
naturallanguage processing (NLP): how is it possible to give a linguistic symbol (word) for 
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a concrete object or verb a meaning which has not been programmed, which is non-trivial, 
and which can be used to produce a causallink with a real external environment? lt is such 
a constant problem because most approaches to NLP do not integrate multi-modal sensory 
input - such as visual input and speech input - into their processing, but instead rely 
mainly on syntactic processing, with semantic clues provided by some pre-existing database. 

Under these conditions, there is no real reason to interact with an external environment: 
the "real world" is represented by the contents of a semantic database, codified into machine
digestible form by skilled cognitive pre-processors, or "humans" as they are usually known. 

Humans first learn to provide a grounding for concrete object terms by associating the 
terms with sensory stimuli. A similar approach using machines seems to be an appropriate 
solution to the part of the symbol grounding problem that deals with concrete concepts. 
Several workers in Artificial Neural Networks (ANNs)- [6,7,8] -in more traditional Artificial 
Intelligence- [9,10]- and in hybrid systems using both technologies- [11]- have approached 
this problem in principle, although not with large, live video visual inputs in an interactive 
way, as this paper does. 

Furthermore, this work represents a step forward in that the system used requires very 
little data pre-processing. The workof Nenov [11] although very promising in other respects 
is presently open to criticism because it is a conglomerate of several complex subsystems, each 
preprocessing data for the main (neural) associative memory components, and then recoding 
it back into action responses. 

The work reported here takes a more integrated approach: simple NSM networks can be 
used to provide grounding for both concrete nouns, and restricted movement verbs. 

3 Background To The Current Approach 

3.1 Weightless Artificial Neurons 

Weightless Artificial Neurons have been discussed extensively in the literature: [1,2]. A brief 
overview will be given here for the sake of clarity. 

The most commonly encountered neuron model encountered in artificial neural networks 
is the "function-of-sum-of-weighted-inputs". This node simplifies several aspects of generic 
biologica! neurons into a traetabie mathematica! entity: it contains afferent ( continuous val
ued) input signals - synapses on the dendritic tree - which are multiplicatively weighted, 
integrated, and passed through a transfer Ju netion to produce a ( continuous valued) out
put, representing instantaneous spiking frequency at the principal efferent axon. Transfer 

. functions are usually non-linear, continuous and differentiable. 
Networks constructed using such models behave as function extrapolators and classifiers, 

by dividing input space up into discrete convex regions. To achieve computational univer
sality, networks must use a multi-layered structure. This in turn necessitates the use of 
computationally intensive and reasonably slow training algorithms for the networks, such as 
error back-propagation [12]. 

Weightless artificial neurons are very different in construction: they use no multiplicative 
weighting of inputs, and are usually applied to binary values, although they are not limited 
to binary processing: see Clarkson, Gorse and Taylor's work on pRAMs for instanee [13]. 
Instead, the simplest forms of weightless nocles just store the required output for a given 
input, as a lookup table, using the input as the index to the table. This means that supervised 
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training of weightless networks is extremely fast: patterns have effectively just to be stared 
in Random Access Memory, (RAM). 

Weightless nodes arenotpure RAM, however. They are usually used in conjunction with 
n-tuple sampling techniques. These have been used to great effect since the 1950s: Bledsoe 
and Browning wrote a seminal paper on handwritten character recognition using n-tuple 
sampling devices [14]. Such techniques produce inherent noise robustness, and exponentially 
reduce the starage cost of the devices, compared with ones which fully cover an input field. 

More advanced weightless nodes can be used to store probabilistic values when n-tuple 
sampling produces the pathological case of more than one input pattern, with different re
quired output values, addressing the same location in the node's memory. This impraves 
generalisation, and allows larger networks to be built while preserving performance. 

3.2 The Neural State Machine And Dynamic Networks 

The overwhelming majority of work carried out with neural networks uses feecl-forward net
work topologies: these are linear structures which can only perfarm instantaneous classifica
tion and estimation. They necessarily have no state structure because they are not dynamic 
systems. 

Tasks with even the most sparse cognitive content are time and context dependent. This 
is particularly true of the communications between humans and machines which are the 
ultimate desire of robot designers. It is obviously desirabie to incorporate feedback into 
communication processing systems for any time and context dependent tasks. It is possible 
to do so in principle for any feecl-forward neural network; in practice, however, adding feedback 
can present difficulties in training, because complexity of the task to be learned increases, 
and more involved and time-consuming training algorithms must be used. 

The Neural State Machine, suggested by Alekaander and Morton [1], is an alternative to 
these networks. It provides a dynamic system with a state structure, while still admitting the 
benefits of weightless node models. 

The particular NSM which is simulated in the experiments below has both "internal" and 
"external" feedback pathways: internal feedback is provided by passing a (possibly under
sampled) version of the state back into the network inputs. This is effectively feedback of 
visual and linguistic state. External feedback is provided feedback of internal states, with the 
addition ofinput from positional sensors, which can sensetheir x, y, and z (zoom) coordinates 
in the KITCHENWORLD environment. This feedback is routed through the environment 
rather than directly through the network. 

A schematic diagram of the NSM used in the first two sets of experiments is given in figure 
1. 

The MAGNUS weightless ANN simulator was used to construct a large NSM network 
with the topology shown in figure 1, from GNU nodes for the first two experiments. The 
network contained approximately 5000 32-bit input nodes. 

4 The Experimental World - KITCHENWORLD 

The system was operated in KITCHENWORLD, a simplified real-world environment consist
ing of a video camera picture of objects on a kitchen table. There were several examples of 
each object type- apple, jar, cup- in the environment. The Iconic Training methad [4] 
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Figure 1: The NSM used in the object grounding experiments. 

was used to train the network. The training data for the first group of experiments is show 
in figure 2. 

5 Simulations 

In all cases reported below, input to the system consisted of grey-scale video input to the 
visual modality, and linguistic representations, such as typed words, or symbolic pictures, to 
the linguistic modality. Video i.nput was not specially pre-processed in any way, apart from 
being binary thresholded and dithered. Outputs consisted of a linguistic state, a visual state, 
bothof which were used in feedback to the network, and a set of outputs representing motor 
commands for movement to a specific position in the KITCHENWORLD environment (ex
pressed in {x,y,z} coordinate form). lt was possible to dynamically include in or exclude the 
motor commands from feedback at will, to change the function of the system as described. 
Performing reeall with the network while feeding back the network's perceived {x,y,z} posi
tion is termed an external recall. This kind of reeall causes the system to search around in 
KITCHENWORLD for its original exemplar for an object classification. When several proto
type objects are trained, the system jumps probabilistically between them when performing 
external recalls. An internal reeall is carried out when the only feedback in the system is 
taken from visual and linguistic states. This causes the system to reconstruct visual and 
linguistic images on its state outputs without moving around in KITCHENWORLD. 
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6 Object Naming 

In the first experiment, object naming, the NSM was trained to associate the visual input 
and spatial coordinates of one of the apples in the environment with the input word "apple". 
Similar training was carried outfora "jar" in the KITCHENWORLD. The system wasthen 
shown visual input of other apples and jars in its environment. Using internal recalls, it 
correctly named them as "apple", or "jar". It named them by recalling an internal state of 
"apple" or "jar" linguistic input, tagether with the visual input of the object in question. 
If the system was allowed to move in its environment, by performing external recalls, it 
immediately homed in on its prototype object. If the system was shown a novel visual input, 
it made no erroneous reeall when generalisation was restricted toa certain Hamming distance 
- typically around 50% of the total number of inputs to each neuron. The dynamic control 
of generalisation is one particularly attractive feature of Weightless ANNs, which allows the 
functionality of networks to he changed, or to change themselves, as they operate. Figures ?? 
to 4 show an example of the system in operation. This experiment produces correct internal 
state reeall in 2 or 3 steps: one further externalreeall step is required to locate the prototype 
object in KITCHENWORLD. This corresponds to about 3 seconds processing time on the 
testing machine, a Sun SPARCstation 5/70 with 32MB real memory. 

Figure 2: Visual training data for the object grounding experiments. 

7 Searching For Objects By Name 

For the second experiment, the network was trained as in the first experiment, but was used 
to search for objects by name. The system was shown the input word "apple" or "jar", 
and successfully retrieved an internal visual image of the appropriate object. Once again, if 
allowed to move, by an external recall, the system would home in on the prototype. If the 
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system was shown a novel input word, providing generalisation was restricted, the system did 
not make an erroneous reealL Figures 5 to 7 show an example run of this experiment. 

The two experiments above used only a fraction of the storage capacity of the network. 
The child language development literature usually treats a lexicon of about 50 words as the 
standard size for the first stages of lexica! development. The system described here can easily 
acquire 50 grounded concrete nouns, and can potentially store 232 different inputs. A more 
practical upper bound for the network described hereis a storage capacity of 10000 "patterns" 
- object-prototype/object-name pairs - assuming that they are reasonably orthogonal in 
the input space. 

The systeni takes 0.5-1.0 seconds to learn each association of visual and linguistic input, 
and around the sametime to make a single reeall step: no more than 10 reeall steps are usually 
required to retrieve correct representations in cases where the networkis quite saturated. In 
cases such as those shown above, where the network is not saturated, only 2 or 3 steps are 
needed, as noted already. Thus the system can easily be trained and operated in real-time, a 
distinct advantage over more traditional neural network methods which would typically take 
several days to learn a training set of this complexity. The MAGNUS simulator allows off-line 
batch training, which automates the learning of large numbers of word-picture pairs. 

8 Action Verb Grounding: Building Motion Space Attrac
tors 

Preliminary experimental results have been obtained to demonstrate the properties of a virtual 
robot- represented by the position of the retina in KITCHENWORLD- whose patterns 
of movement are modulated by means of a linguistic input consisting of action verbs. Figures 
8 and 10 show the experimental simulation in operation. The controlling neural system 
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is configured with extemal rather than intemal feedback and has no access to information 
regarding the robots absolute location within the scene. All movement of the retina (robot) in 
this simulation is relative to its current location and is controlled by the pattems on the output 
of a set of move neurons. To simplify interpretation of results the robot is constrained to move 
with one degree of freedom in the X direction. The robot is trained on two confl.icting pattems 
of motion with respect to a target object, in this example the tennis hall. Each activity is 
associated with a different action verb pattem. The first motion is towards the visible target 
object and is generated by three training steps. These are rnaving the robot to the target 
from the left side, rnaving to the target from the right side and finally allowing the robot to 
remain motionless on the target. All such associations are formed with the "attract" verb 
present on the linguistic input. The second pattem of motion is trained by rnaving the robot 
away from the target from both the objects left an right hand side. This training is achieved 
with the "repel" verb present on the linguistic inputs. 

Generalisation of the five resulting trained pattems is accomplished using GRAM spread
ing [1]. This results in a very large probabilistic state structure within the neural system 
which can be investigated by measuring the moves that are most likely from a given location 
along the X axis. The experiment consisted of placing four robots at every one of 489 locations 
along the X axis and allowing each to make a sequence of five moves. This was carried out 
twice, first with the "attract" pattem and secondly with the "repel" pattem present on the 
linguistic input. In each case the correlation between each robots X position at time t=O and 
t=5 was plotted as a scatter graph (see figures 9 and 11). It can beseen that generalisation 
results in the formation of Motion Space Attractors in the vicinity of all three objects in the 
scene even though these objects look significantly differenttoa human observer. The attrac
tors are visible in the scatter plots as the horizontal regions at Xt+S = 38, Xt+5 = 234 and 
Xt+S = 430. Any robotstarting close to one of these locations is drawn into an attractor. In 
t~e complementary case, the "repel" verb causes robots to be repelled from these locations. 
This is seen in figure 11 where there are vertical regions at the trained locations and clustering 
of robots in no mans land in between. 

9 Discussion And Criticisms 

The method demonstrated in this paper for noun and movement verb grounding is that of 
creating active visual-linguistic memory of specific scene elements, to which generalisation 
and time-dependent sequence processing is applied. It might be thought that this is no more 
than simple associationism: this is not a justified criticism, since the system exhibits not 
only significant levels of generalisation, but also excellent levels of accuracy with novel input 
nouns or object pictures, when used for noun grounding. The accusation of associationism 
in the context of verb grounding is clearly not valid, since the system demonstrates powerful 
generalisation on different objects within the visual field. 

The networks simulated here use no sophisticated pre-processing, and should not be con
strued as models of human visual cognition: they may well be suitable paradigms for robotic 
visual cognition however. 

Clearly, the system needs to be advanced before it could be used for more intricate tasks. 
Complex state-structures and so sequence processing must be craft-able; the generalisation 
characteristics of linguistic processing may need to be tailored to more easily realised linguistic 
input representations, such as phonemic or alphabetic encoding; most importantly, a method 
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must he developed to allow integration of verb and noun processing in the same network. 
It should also he noted that noregard has been paid to grammar processing in this work: 

this is because it is felt that symbols must he grounded ·before any more complex processing 
of them is carried out. 

10 Conclusion 

An approach to a partial solution of the Symbol Grounding Problem has been demonstrated: 
concrete nouns and movement verbs can he given a causal relationship with the environment 
they are applied to by integrating sensory data from that environment with linguistic pro
cessing about the environment. A system was described and simulated which uses ANNs 
and Iconic Training to produce robust generalisation between prototypes and novel inputs, 
which is capable of naming objects and searching for objects by name in its environment, 
and which cari respond to simple action verbs. The systèm uses no specialised artificial vision 
techniques, nor does it employ explicit feature extraction on its sensory inputs. 
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Figure 8: MAGNUS verb grounding simulation using "attract". 
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Figure 10: MAGNUS verb grounding simulation using "repel". 
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Abstract 

This paper presents the processing of tactile and oral multimodal events that occur in 
input of the GEORAL tactile system. First we shall describe the principal observations 
carried out on the behaviour of users in the multimodal interaction environment. These 
observations, as well as the technica! frameworkof speech recognition, lead us to proposing 
a system architecture which is then shown. The artiele ends with details of the modeling 
of communication acts (based on plan operators) and the principal stages of tactile and 
oral acts merging. 

Key words: oral and tactile multimodal system, communication act identification, coref
erences. 

1 Introduetion 

Despite constant progressin vocal techniques (speech recognition and understanding, speech 
synthesis) , naive users may come up against various difficulties using such techniques. Such 
difficulties revolve around the recognition and the understanding of user's utterances (badly 
pronounced utterances) and around the quality of speech synthesis which in certain cases 
poses understanding problems for the user. One way of resolving these problems is to provide 
the systems with complementary or redundant input and output means of communication 
[LEE,91J[ZANCANAR0,93J[TYLER,91][COHEN,92). for example, we can plan for the out
put a screen display of certain utterances pronounced by the computer, or for the input use 
of a mouse or a touch-sensitive screen. In the last case, new forms and methods of commu
nication appear. However, we find ourselves yet again confronted with new problems: how 
does the user react to such systems, how to model the joint activities, with which tools ... Al
though partial solutions exist [BOURGUET,92], these problems constitute research domains 
to which we have to try to produce answers. 

This paper describes how we resolved the integration problem of oral and tactile media 
for the inputs of an existing system. The integration is founded upon specific characteristics 
of the application and dialogues. We shall first present (in section 2) the observations carried 
out on linguistic behaviour in a simulated system. Section 3 is dedicated to the part of the 
system's architecture which deals with integration problems. Section 4 describes in more 
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detail referenda! problems that need to he solved as well as the rnadeling of communication 
acts to facilitate processing. Last, the different stages of the processing are presented in 
section 5. 

2 Preliminary Study 

2.1 The initia} system 

In 1992, wedevelopeda dialogue system, which was able to provide informat ion of a tauristic 
nature, such as beaches, churches, abbeys and chä.teaux for the Trégor region of Brittany 
[GAVIGNET,91]. In this system the user is able to interact with the system in a visual mode 
by using the map of Trégor on the screen, and in an oral mode (with the help of a speech 
recognition board). The system itself uses bath the oral channel (via a text to speech syn
thesis board), and graphics, such as the flashing of sites, routes, localities and zoomingin on 
subsections of the map, so as tobest inform the user. It is important to note that the speech 
recognition board used considerably reduces the users language possibilities: the vocabulary 
is small, sentences shorter and types of anaphora and ellipsis are limited. 

The evaluation of the system shows that errors which occur in the speech recognition 
process can he detrimental to the quality of the interaction. This prompted us to envisage 
the broadening of input-output media by the introduetion of a touch screen. This would 
allow a larger flexibility in the wording of the utterances, as well as a larger range of wording 
possibilities, when faced with speech recognition problems. 

It is an acknowledged fact that today the area of multimodal dialogue is lacking theoret
ica! results as wellas corpora. Thus we decided to set up a simulation [GUYOMARD,95] of 
the targeted system in a Wizard of Oz mode [OVIAT,92] , so as to provide observations which 
could serve as a foundation for implementation. 

The main results of this experiment are as follows: 

• the presence of the tactile screen modifles the linguist ic behaviour of the user: some 
particular deictic terms and syntactic structures appear, 

• the use of the tactile screen by the user to overcome recognition problems of the system 
is nat immediate and requires a certain amount of time to adapt to it, 

• three main possible relationships between oral utterances and tactile gestures have been 
identified: 

- bound relationship in which one deictic of the oral utterance and a touch activity 
are used tagether to designate an entity on the map: 

U: Are there any beaches in this locality ? 

+ 
a touch on a locality. 

- confirmative relationship for which the oral subsection is enough for comprehen
sion but is however accompanied by a tactile designation, which is redundant with 
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the linguistic reference: 

U: Are there any beaches in Lannion ? 

+ 
a touch on Lannion. 

- substitution relationship for which the tactile designation replaces the linguistic 
reference: 

U: What are the campsites at ? 

+ 
a touch on Lannion. 

• Finally, concerning the nature of the touch gesture, we highlight a pragmatical phe
nomenon which is already stuclied in the verbal dialogue area. A touch gesture, in 
its referential aspect can only be completely understood if it is considered within the 
context of the interaction. In other words, the illocutionary gesture can prove to be 
different from the literal gesture. This manifests itself in two ways according to the 
nature of the context, either in the complementary oral utterance or in the application. 

- The touch gesture can be different from that described in the utterance: 

U: Show me the castles in this zone 

+ 
point 

- The touch gesture must be combined with elements of the map, in a way to con
stitute a zone: 

U: Show me the campsites in this zone 

+ 
draw a line 

drawn line 

+ 

In our opinion, the inferential mechanisms which allow both the recognition and the processing 
of this phenomenon are extremely important for the appropriate management of the dialogue. 

3 Architecture 

3.1 General principles 

The architecture and the functionning of the system are on one hand the result of experi
mentation exploitation, and on the other hand the result of hardware and software of the 
pre-existing system. Experimentation showed situations in which it is not possible to en
visage processing where both tactile and oral inputs could be completely separate. These 
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situations particularly concern tactile gestures that do not provide suflident information to 
enable interpretation in an autonomous manner. For example, the only trace of a verticalline 
does not enable us to decide whether the zone that the user is interested in is situated to the 
right or the left of the line. This remark means that more attention needs to be attributed to 
speech media, and thus the processing of tactile entries should be based on that of oral entries. 

The user's activities in a multimorlal environment may occur in an asynchronous or syn
chronous way. The system must therefore deal with to the usual problems of parallelism and 
synchronisation management. In our case the speech recognition board used and its manage
ment help to solve the problem. The speech recognition board is not in constant use. The 
user's freedom is limited as he can only act if the system Iets him (by displaying a prompt). 
The user can therefore speak and touch the screen. Once the end of the sentence is detected 
(by use of a heuristic method, internal to the recognition board) no further tactile activity 
will be taken into account. Parallelism and synchronisation problems occur only when speech 
takes place. Taking into account the previous remark a bout the dominanee of speech and lean
ing on the fact that in the application the tactile register is limited, we end up by using a 
very simple mechanism for the management of the media. In particular, we no longer need 
time labelling of oral and tactile events. These simplifications seem pragmatically justified as 
they are not refuted by the experimentation. However, it is clear that these solutions are not 
universa!. 

3.2 Architecture 

The following diagram shows the principle modules of the system as well as the data flow 
between the modules. 

Tactile 

events 

. -· 

Speech Syntactical 

input analysis 

Tactile 
processor 

database theme 

objects style 

Thematic 

analysis 

~oct 

Merging 

~. 
act 

communication 

act 

The control flow of the system can be described as the following. The syntactical and thematic 
analysis are activated after the speech recognition. They produce dialogue acts as well as 
necessary information needed for the processing of tactile events. The interpretation of tactile 
events is effectuated and a tactile act that contains the elements designated by the user is 
produced. Then, the dialogue and tactile acts are merged to form a communication act, 
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the propositional contents of which is completed from a referential point of view. We shall 
continue by descrihing the modeling adopted for data and principal treatments. 

4 Modeling 

4.1 Treated references 

Before starting the modeling description, it would he convenient to better characterize the 
users referential behaviour [COHEN,84]. The joint tactile and linguistic (oral) activities 
convey designation of elements displayed or to he displayed on the screen. A designation can 
he divided into two media according to the following possibilities: 

• without using tactile screen, it concerns either anaphora or the introd uction of a new 
object in the dialogue, 

• using oral and tactile (confirmative and bound relationships), 

• using tactile only (substitution relationship). 

In the case of our prototype, the activities present the following characteristics: 

• referents: the user can choose every element (site or locality) displayed on the screen. 
From a pragmatic point of view the referents thus designed are objects that belong to 
the database and linked to a locality. This phenomenon designation [TYLER,91] is 
simple and doesn't need complex pragmatic reasoning, dissimilar to that suggested by 
Green [GREEN,87]. 

• tactile activities: designation can he clone either by touching (pointing) or by drawing 
a zone or a line, 

• linguistic activities: we note the presence of deictic and anaphoric elements in the ut
terances ( this area, here, this one, that one). In gener al, the only dialogic or phrasal 
contexts do not allow us to cl etermine the type of reference ( deictic or anaphoric) per
formed. The number of deictic and anaphoric elements is voluntarily limited because 
the speech recognition board's capacities do not allow the possibility of increasing the 
vocabulary. 

In the situation of person-machine communication, other phenomena must he dealt with: 
discordance may appear between the oral and tactile activities, speech recognition and under
standing errors and faulty tactile activities may arise. The management of these phenomena 
must he clone in such a way that it should he always possible to adapt the processes after 
having observed new interactions. 

4.2 Intermediate Structures 

The final structure that we want to obtain is a communication act, the propositional contents 
of which are complete from a referential point of view. A communication act will he elabo
rated using two intermediary acts: dialogue and tactile acts. We have defined 5 dialogue acts 
which we will need for the application: Ask, accord, annulation, informref and silence. In 
what shall follow we will he more particularly interested in the Ask dialogue act, although 
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other dialogues are concerned by the merging. The form of the act is derived from that used 
by Allen [ALLEN,87]; the referential elements present in the surface utterances are kept in 
the form of a code in the propositional content, without having been resolved. Some examples 
of the ASK act follow: 

A re there any beaches in the zone? will he represented by : 
Ask (U, S, informref(S, U, beach, Q(beach, near (locality (deicphore (zone)))))) 

Is there are beach here? will he represented by: 
Ask (U, S, informref(S, U, beach, Q(beach, locality(deicphore(pointing))))) 

and Is there a beach in Lannion? will he represented by: 
Ask(U, S, informere(S, U, beach, Q(beach, locality (Lannion)))) 

The element deicphore(x) indicates that a reference of type x (zone or pointing) occurred; 
this reference can he either anaphoric or deictic. 

After tactile activities have been treated, they are represented by a tactile act in the 
following form: Désigner(U, S, object) where object has one of the following forms (string, 
type, order, X, Y) or ((string, type, order, X, Y))*, string represents the object designated 
in the data base, type has the value zone or pointing, order represents the order of input of 
the designation, X and Y are the coordinates of the object. 

4.3 Communication acts 

Maybury [MAYBURY,91] [MAYBURY,92] proposed a rnadeling principle, the aim of which 
was to he able to generate answers in a multimedia system. His rnadeling is based on three 
types of acts: the highest level acts are rhetoric acts, linguistic acts and visual acts, the lowest 
level acts. The representation of a rhetoric act is clone under the form of a planning operator 
with the usual elements: constraints on current environment, preconditions and effects (in 
termsof mental states : WANT, KNOW) and body. The body contains instances of visual 
and linguistic acts. For the same precise illocutionary effect we find a set of rhetoric acts pos
sessing the same header but with different bodies, constraints and preconditions. This allows 
to choose the correct version of the act taking into account the current environment. This 
same type of principle is also found in other authors work [WAHLSTER,91] [FEINER,91], 
although however with differences in implementation and planification. 
We have used this representation principle but for another purpose (merging designations) 
and use (the recognition rather than just generation of acts). The highest act that we will 
recognize, from tactile and oral inputs is the communication act. In a similar way to what 
Maybury did, a communication act can he represented by several models. A model corre
sponds toa realisation mode of reference (anaphora, completive relationship, ... ). for example 
the communication act Request possesses 5 models: 

• Request without anaphora 

• Request_completive mode 

• Request_confirmative mode 
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• Request..substitution mode 

• Request with anaphora 

The first two shall he detailed: 

NAME: 
HEADER: 
BODY: 
CONSTRAINT: 
PRECONDITION: 

NAME: 
HEADER: 
BODY: 

CONSTRAINT: 
PRECONDITION: 

Request without anaphora 
Request(U, S, informeref(S, U, ?x, Q(?x,?P))) 
Ask(U,S, informeref(S, U, ?x, Q(?x, ?P))) 
not(Désigner(U, ?t, ?y)) 
none 

RequesLcompletive mode 
Request(U, S, informeref(S, U, ?x, Q(?x,?P'(?o')))) 
Ask(U,S, informrref(S, U, ?x, Q(?x, ?P(?D)))) 
Désigner(U, ?t', ?o) 
none 
Déictique(?P(?D)), ?o, ?P'(?o')) 

The first one corresponds to a Request with neither deictic nor anaphoric phenomena (pres
ence of the item not (Désigner (U, S, ?o) in the constraint); the second one corresponds to 
a Request for which two complementary acts have to he present in the imput (this is repre
sented in the body by Ask, in which there is a deicphore, and by the tactile act Désigner), 
which must verify the predicate Déictique in the precondition. The predicate Déictique takes 
care of checking the coherence of coreferences and to construct the result that will appear in 
the propositional content. This predicate is expressed in the form of a set of Prolog rules, for 
example: 
Déictique(locality(deicphore(Type)), (object, pointed, 1, X, Y), locality(Object)) 

-;_, 
is_pointing(Type), 
isJ.ocality( Object). 

The first two parameters correspond to inputs and the third one is the output if the right 
part of the rule is true. This type of writing allows a great fiexibility in the solution of the 
merging because we can very easily modify the priority assigned to the media and effectuate 
complex coreference verifications [MULTON,94]. 

5 Processing 

The syntactical analysis has in input a string of words produced by the recognition board 
(MEDIA50, licence CNET France Telecom) and produces a complete syntactic tree, in which 
the anaphoric and deictic items are clearly brought to the fore. 

The thematic analysis has two principal roles with regard to the tactile function. It de
termines the possible type (style) of tactile touch (pointing, zone), as wellas the theme of the 
statement (type of object in question). In the case where the phrase is elliptical, the previous 
dialogue is taken into account. The transmission of the theme to the tactile processor is 
accompanied by the transmission of the relevant objects of the database. 
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The tactile processor receives in input the list of touches performed by the user, the list 
of objects in the database which it must examine and the style of touch predicted. It will 
produce the list of objects effectively designated. This process necessitates the appropriate 
processing of the tactile events (for example, reconstruction of zones, elimination of duplicate 
touches), a verification of the coherence between the predictions produced by the thematic 
analysis and the observed facts. In case of discrepancies between the predictions and the 
effective touch, we decided to give priority to the prediction. 

The most interesting point of the merging process concerns the determination of the com
munication acts coding the users requests. The principle consists of determining from the 
body of actions, constraints and preconditions, which communication act is suitable [LIT
MAN ,87]. The checking of the constraints and preconditions also allows in the same time to 
instantiate the different elements of the communication act thanks to the unification process. 
lf the processing doesn't establish propositional contents or a valid communication act, the 
dialogue module (that is not represented here) is warned and will calculate an appropriate 
reaction (to ask for repetition, to compute a co-operative response, ... ). 

6 Conclusion 

We have presented the merging of acts resulting from oral and tactile activities of the user in a 
multimodal system. The principles of rnadeling and processing chosen allow a great flexibility 
and interesting possibilities of tuning the system. The development of the prototype is finished 
and a first experiment has taken place. The dialogue corpus is currently being examined. 
Future work will consist of improving algorithms, resulting from observations made on the 
real system. 
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Real-time interactive computer animation is still one of the most challenging aspects in multi
media programming. The developer of such applications is confronted with all kinds of reai
time and concurrency aspects concerning regular update of the screen, simultaneous motion 
of autonomous moving objects and human interaction, which are diflicult to integrate in a 
multi-media application. 

To overcome these problems, an animation system, called Generalized Display Processor 
(GDP) [Overveld, 1991], is currently under development at EUT. The GDP is an interpreter 
of scripts that describe an animation. The scripts are written in a language called LOOKS1 

[Peeters, 1993], which is designed especially for this purpose. LOOKS is a small and com
prehensible interpretive object-oriented script language, which supports multiple repeated 
inheritance, generic classes and concurrency. LOOKS may be regarcled as a PostScript2 for 
animated images. 

An application instructs the GDP to execute a certain animation task by sending a script 
fragment to the GDP. Script fragments are sent to the GDP in an asynchronous way. This 
means than an application may send several independent animation tasks to the GDP which 
are executed simultaneously. Multiple applications may use the sameinstanee of the GDP to 
execute their animation tasks. The GDP is able to return information about the object space 
to an application. For instance, a list of instances of a certain object class may be returned. 

Although LOOKS is designed to describe animations, it is in fact a universallanguage in 
which arbitrary computation can be expressed. In this way, very sophisticated behaviours of 
objects can be described. In order to increase the performance of the GDP or to make use 
of special hardware or software modules, a number of operations are implemented in C++. 
These operations have the appearance of normal LOOKS class methods. Classes containing 
methods implemented in C++ are called system classes. The library of system classes is on-line 
extensible, i.e. new system classes may be added while the GDP is running. 

Besides scripts, animations can be infl.uenced by direct manipulations. Signals generated 
by input devices are linked to events in the GDP, which are processed by an event handler. 

1Language for Object-Oriented Kinematics Specifications 
2PostScript is a trademark of Adobe Systems lnc. 
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In response to an event, the event handler executes a user-definable LOOKS method. In this 
way, any kind of user interaction can be established. For instance, applications such as flight 
simulators can easily be realised, using a GDP. 

For intuitive specification of the motion of mechanisms, such as human figures, the GDP 
features a set of joint classes, which are used to limit the relative degrees of freedom of two 
geometrie objects. These allow easy configuration of a mechanism (kinematics). Moreover, 
mechanisms can be configured to meet a certain goal, for instance, an arm stretching to catch 
a butterfly (inverse kinematics). Currently, fora limited number of joints, dynamic motion of 
an object can be specified, i.e. motion caused by a force on the object. In the future, real-time 
dynamic motion of multi-body systems will be investigated to be added to the GDP. 

The main application for the GDP is a generic cooperative multi-modal user-interface, 
which is currently under development as part of the DenK-project [Ahn et al., 1995]. Other 
plans for the GDP include an operating system for distributed multi-media. This operating 
system, called AD REM, , which will be developed at EUT, is an extension of traditional 
multi-media players with respect to human interaction in animated environments. 
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Interactive tele-teaching (ITT) is a common form of distance learning, which involves 
synchronous, real-time audio-visual communication between remote studios. Conventionally, 
such systems are supported by audio-visual technology (satellites, television studios, video
conferencing networks etc) . However, they increasingly encorporate information technology, 
particularly in the form of ISDN networks, which may cover as wide a geographic area as 
satellites or video-conferencing networks, and also suuport a wider range of purposes, such as 
the transmission of computer data. 

In this poster, some of the communication and co-ordination difficuties encountered by 
learners and tutors who participated in a recent ITT session are considered. A view of such 
difficulties may support the design of computer tools for encouraging full participation in such 
sessions. 

The session considered was delivered by France Telecom's 'VIF' service and involved a 
central tutor studio and six distributed learner studios. All studios were equipped with a 
video-camera, micropbones and a TV monitor. The tutor studio was managed by the sessions 
TV director and received feedback images from all remote learner studios. Feedback links were 
via ISDN of various bandwidths (128kBit, 386kBit or 2MBit). Each learner studio received a 
single image - that constructed by the session director and broadcast via satellite. The session 
adopted the 'independent problem-solving' format. That is, following a lecture and questions 
and answers, the whole class divided into smaller groups (the individual learner studios), 
and worked independently on a problem set by the tutor - the design of a communications 
network. As they addressed the problem, learners requested support from the tutor, who 
'virtually wandered' around the class, giving support to each learner studio in turn. Finally, 
each studio presented its solution to the group as a whole, and the alternative solutions were 
discussed. 

Particular types of communication difficulty appeared to impact participation directly. 
For example, an unexpected finding was that learner studios disadvantaged by narrow ISDN 
links were actually rated as participating better than other learner studios who had wider 
ISDN links. Mis-hearing more often, and lower sound quality did not prevent learners from 
'occupying the fioor' for long periods of time. If speech quality was poor, but constantly 
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audible, then a remote studio continued to participate. Tutors and learners made light of 
hearing difficulties, adapted their working environment (for example, moved to a desk closer 
to the microphone) or expressed themselves more clearly. In contrast, if speech was randomly 
inaudible, for example, dropped out unpredictably at crudal points, then a remote studio 
withdrew from the session, rather than disrupt or delay the rest of class. 

Communication difficulties also lead to difficulties in co-ordination, which in turn impacted 
participation. More specifically, it was observed that if document exchange was unreliable, 
inconvenient or poorly timed, then a remote studio may withdraw from the session, rather 
than disrupt or delay the rest of the class. For example, background material that had not 
arrived at one site, was not missed until it was too late, and the studio was reluctant to 
participate without it. Another site attempted to present its solution to the whole class by 
pointing a video-camera at an overhead projector, but its presentation was curtailed when 
other studios complained about the poor images that resulted. 

It was also observed that if it was difficult for ·tutors to intervene in the work of remote 
studios, and/or it was difficult for tutors and learners to co-ordinate and negotiate interven
tions, then the participation of remote studios was difficult to encourage or support. For 
example, some sites zoomed in their camera at a company logo, rather than encorporating 
a view of the classroom, and so did not reveal their current activities to the tutor. Other 
sites, upon realising their work could beseen by the tutor, hurriedly turned the camera away. 
Further, to attract learners attention, the central tutor had to repeatedly call out over the 
satellite link. Learners did not always respond to such calls immediately, and the meaning of 
'no response' was difficult to comprehend. 

Finally, local co-ordination difficulties directly impacted participation. If a remote studio 
was poorly organised, then it may not conduct the required tasks at the required time, and 
then withdraw from the session rather than disrupt or delay the rest of the class. Alternatively, 
a studio may not attempt to participate, and generate plausible reasons for withdrawing. 
For example, a particularly severe problem what that, having gained an individual studio's 
attention, the remote tutor was powerless to galvanise a remote studio into action by, for 
example, requiring them to focus upon certain tasks, or physically showing them the actions 
required. 

Once in place, ISDN offers many opport~nities t~ introduce inf~rmaÜon technology more 
widely into ITT. The difficulties noted above suggest that, if the independent problem-solving 
format for ITT continnes to spread, there may be requirements for computer tools to support 
such sessions. For example, electrooie whiteboards may display workspaces to which their 
may be shared access, both locally and remotely. Conventional computer workstations may 
also support for formalexchange of doeurneuts and information. 
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1 What is a statistica} report? 

Reports are an organized synthesis of data that span a whole array of forms going from tables 
of numbers to a text summarizing the findings. Statistica! reports are particularly interesting 
because the reader can easily be overwhelmed by the raw data. Without an appropriate 
preliminary statistica! analysis to make the important points stand out and, without an 
efficient organization and presentation, the reader might be lost. 

Grapbics and text are two different media that have to be well integrated in order to 
achieve their full potential. A picture shows but a text describes. In a stat ist ica! report, 
grapbics show the data that is analyzed in the text. This paper describes an important part 
of a system, called Postgraphe because it combines with a text generator called Prétexte [2] , 
which generates a report integrating gr-aphics and text from a single set of writer's intentions. 
The system is given the data in tabular form as might be found in a spreadsheet ; also input 
is a declaration of the types of values in the columns of the table. The user then chooses the 
intentions to be conveyed in the grapbics (e.g. compare two variables, show the evolution 
of a set of variables ... ) and the system generates a report in UTEJX with the appropriate 
PostScript graphic files. In this paper, we focus on the grapbics generation but the system 
does not need more information to generate the accompanying text that helps the reader to 
focus on the important points of the graphics. 

2 Writer's intention and the characteristics of grapbics 

Mackinlay [3] describes an algorithm based on the work of Bertin [1] who characterizes the 
variables as nomina!, ordinal or quantitative. This algorithm specifies graphical methods for 
each type of variable. We adapted it by integrating some more theoretica! results from Tufte 
[4, 5] and Zelazny [6] . 

These works classify properties of grapbics at the globallevel and at the level of individual 
components. The former level relates u pon the role of the grapbics in the transmission of the 
message (the writer's intention), e.g. horizontal bar charts are useful for comparing values 
but vertical bar charts and curves are more appropriate for temporal data; the latter level 
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determines the efficiency of a type of graphical methad for a kind of data e.g. spatial positions 
are more useful than color for continuous variables. We integrated these findings and extended 
them to a wider set of graphics. 

3 lmplementation of Postgraphe 

In addition to the table of numbers to be reported, three annotations have to be added to help 
the system determine which information is relevantand how to present it. These annotations 
are the types of variables, the relational keys of the data and a set of directives descrihing 
the writer's intentions. 

The types of variables are used to help select the appropriate kind of graphics. They are 
organized using a multiple inheritance scheme. 

Relational keys are similar to the notion of the same name in relational data bases and 
help determine which variables depend on which others. They are also used for ordering 
variables in some graphics so that the more important ones ( usually the keys) are given the 
more visible positions. Postgraphe computes these keys from the data but the user can also 
add more constraints. 

Writers' intentions describe what to say and up to a certain point, how to say it. This 
information is organized in sections that correspond to sections in the report. Each section is 
a list of intentions that are constraints on the expressivity of the chosen graphics. Postgraphe 
tries to find the smallest set of graphics that covers the writer's intentions. The following 
basic1 intentions are covered in our model: the presentation of a variable, the comparison of 
variables or sets of variables, the evolution of a variabie along another one, the correlation of 
variables and the distribution of a variabie over another one. 

l,From this information, our system determines which graphics can best satisfy the writer's 
intentions. It builds on the ideas of Mackinlay but extends them in important ways: instead 
of a list of variables to express, our system starts from a set of intentions to satisfy; in doing 
so, no a priori ordering of the variables is given; all types of graphics have been assigned a 
weight for each intention; we can thus build a global quality function to be maximized. But 
insteadof trying all groups of intentions to find. the smallest subgroups of variables that best · ' 
covers the writer's intentions, we use a set of heuristics. · 

We first find the intentions that are "compatible" so that each graphic takes into account 
as many intentions as possible while keeping each one "readable". Then we check if each 
group is feasible and determine the best figure to express it. The next step is the low-level 
generation of graphic primitives. lt can be determined at this stage that a figure cannot be 
generated because of physical reasons: it is too big to fit, not enough grey levels are available, 
.. . This low levelworkis quite involved because it has to take into account the 2-D constraints 
and the limitations of the media. For this we had to develop a Postscript generation system 
in Prolog in order todetermine the exact position of each element (character, line, axis, etc ... ) 
of a generated graphic. Finally, a post-optimization phase eliminates redundancies which can 
occur because the heuristics sametimes miss a compatible grouping of intentions. 

1Some intentions have variations (e.g. decomposition is a comparison using fractions). 
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1 Introduetion 

When the groups of people solve different tasks they need the tools for understanding com
mon goals, collective specificity support, verification that the private and group decisions are 
correct, etc. So people in such kind of work need means for negotiation and coordination 
support. In our paper we consider the problems of such work support in hypermedia multi
agent systems. We show that collaborative task solving can be interpreted as an activity 
of conflict resolution between different abstractions of the common subject domain and as a 
convergence process of several different private abstractions to one, meeting the everybody's 
requirements and understanding. Works in area of group design and computational models 
which use conflict resolution expertise confirm that conflicts play a central role in collabora
tive work process. We prove that conflict is an inevitable and positive part of collaborative 
process, a means for exchange of ideas, goals and knowledge among humans. 

2 Collaborative Task Solving and Negotiation 

Multi-agent collaborative task solving can be considered in the farm of a set of cooperating 
agents (human and computer), interacting by means of message exchange realizing negoti
ation process. Each agent is characterized by domain of competence, necessary resources, 
metaalgori thm. 

There is an essential advantage of the hypermedia metaphor use for the support of hu
man's complex task solving as compared with other information technologies. This is the 
reason of the hypermedia "universa!" use especially when group of people work cooperatively. 
For performing of communication between human-human agents and their understanding a 
thinking uses some special means for large scale information processing. One of the basic 
means to realize this processing is an abstraction mechanism [Krechman 94]. So hypermedia 
environment used for collaborative task solving must support an abstraction building process. 
The typical mechanisms for abstraction building are a detailing and a generalization which 
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realize a principle "from generalto detail (particular)" and vice versa. The structure created 
as the result of abstraction process can be represented as a tree reflecting a generalization 
of the basic categories of subject domain. The comparison of abstractions built by different 
human and computer for the samesubject domain reveals differences between these abstrac
tions. The reason of the difference is an individuals' subjectivity, a degree of subject domain 
cognition and understanding, problem solving approaches used, etc. There is a correspon
dence between task solving process, abstraction (represented by tree structure) as a tool for 
this process execution and agents (owners of set of different abstractions). If we will imag
ine a standard (may be objective) subject domain abstraction and some private (subjective) 
abstractions created by different agents to solve the same task, then a comparison of abstrac
tions (standard and private) can show differences. We can state that in this situation the 
conflict manifests. It can be caused by different languages used, incompatible goals, priorities, 
preferences, incomplete or incorrect knowledge, etc. The comparison of different abstractions 
can reveal reasons of the differences. Because we have a tree representation of abstractions, 
this comparison can be realized by evaluation of the trees. 

Let's describe the collaborative task solving as a transition of erroneous private abstrac
tions to standard abstraction or as an united abstraction construction. We can consider the 
collaborative task solving as the iterative generate-and-test process based on methods how 
human agents cooperatively interact to reach the common understanding. This process can be 
considered as a building the united abstraction or a changing the users' private abstractions 
to the standard abstraction and as avoiding, detecting and resolving conflicts [Kotenko 94]. 
The model that describes this process can consist in the following stages: agents generate 
potential solutions (private abstractions) for a given subtask; they negotiate and evaluate 
these solutions, identifying their negative and positive aspects; the united abstraction ( or the 
abstraction that is situated near to the standard one) is constructed (modified) to resolve the 
conflicts identified. 

So the cooperative task solving by different agent is a revealing abstraction distinctions, 
understanding reason and finally smoothing out the distinctions. This is the process of iter
ative transformation from some initia} agents' understanding to the construction of abstrac
tions, then to the conflict resolution between subjective abstractions :and to the standard 
one and the new level of problem decision and understanding. The collaborative task solv
ing of the humans' group connected by some common cognitive activity is interpreted as 
an negotiation activity of conflict resolution between different abstractions of the common 
subject domain, i.e. convergence of several different private abstractions to one, meeting the 
everybody's requirements and understanding. 

3 Abstraction B uilding 

An interpretation of hypermedia structures can be represented as the transition from the linear 
information representation to the non-linear one. We developed the abstraction building 
procedures which lead to generation of the meta-information structures of subject domain 
objects, where virtual nodes replace subset of souree nodes. We consider meta-information 
structures as the structures over the plain ( ordinary) hypermedia. The plain hypermedia 
and meta-information levels correspond to levels of abstractions of souree plain hypermedia 
structure. In reality there isn't an abstraction graphand allnodesof third dirneusion are the 
virtual nodes. 
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4 N egotiation Management 

All the agents must have a support of negotiation and their activity coordination. Negotiating 
involves procedures to find a compromise solution and build the united abstraction. It is 
a process in which users iteratively exchange proposal and justification messages until an 
agreement is reached. Each next resolution suggestion must draw near to sphere of suitable 
solutions, so negotiation model must have the abilities to propose suitable modifications, 
evaluate narrowing the difference in the proposals, generate arguments. 

To realize our ideas the traditional possibilities of hypermedia systems must be extended 
by including computer-supported cooperative work tools and intelligent mechanisms for nego
tiation management. For automatic and semi-automatic support of negotiation management 
we need the knowledge based tools for detection, interpretation and processing of abstrac
tion fragments desired: linguistic processor, constraint propagation procedures, expert system 
components, etc. (for example, as realized in [Kotenko 941). Themaintaken into account as
pects of the negotiation management are: message exchange coordination, conflict avoidance, 
conflict detection, conflict resolution, solution explanation and modification. Let's consider 
some of them. 

The conflict avoidanee can be supported by using least-commitment and constraint prop
agation approach [Kotenko 94]. In this case the choose of acceptable alternative by user is 
carried out by using actual constraints. 

We are investigating two kind of the conflict detection mechanisms. Qualitative mecha
nisms basedon hierarchy of conflict types, when conflict manifestsas unsatisfiable constraint 
set. Fuzzy (or quantitative) mechanisms based on using the local and global compatibility 
and constraint satisfaction measures of proposals. In this case conflict manifests when desired 
value of measure is unsatisfied. 

When conflict is detected the conflict resolution mechanisms must execute a protocol for 
resolution process. To make this it is necessary to know: conflict resolution strategies and 
scheme for choosing the most effective one. As input data for strategy choice a detected 
type of conflict or conflict symptoms reflecting the conflict sit uation information can be used. 
Main characteristics of conflict situation (symptoms) which can be used for st rategy choice 
are: restrietion on amount of effort that can be expended to get a solution; amount of effort 
that has already been expended in producing a solution; estimation on amount of processing 
effort required to generate a new solution or to repair the current one; existence of other 
equally good proposals or of possibility to generate them; etc. A subjective qualitative values 
of these symptoms can be applied for ordinal multiobjective decisions both about global 
design strategies and about conflict resolution strategies using fuzzy sets. To resolve conflicts 
we employ special resolution strategies extended by using a set of formal rules and heurist ics: 
generate random alternatives; find compromise; generate constrained alternatives; etc. 

5 Conclusions 

In the paper we showed the necessity of special mechanisms for the additional meta-informational 
structures representation and operation in hypermedia environments. We proposed the auto
matic and semi-automatic methods for organizing these structures based on the abstraction 
notion. We defined the collaborative task solving as a transition of non-rat ional, erroneous 
private abstraction to standard abstraction or as a united abstraction formation. It was shown 
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that the negotiation procedures (particularly conflict resolution mechanisms) is necessary by 
collaborative task solving and that it leads to a new knowledge acquisition and the knowledge 
exchange between collaborating agents in multi-agent human-computer systems. The basic 
role of abstraction for the negotiation management procedures was marked. We proposed the 
intelligent procedures for the conflict detection, conflict resolution and action coordination. 
The main methods and algorithms prototypes are realized. 
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1 Introduction: Discourse Semantics for Multimorlal Dia
logue 

We have constructed the discourse component for a multimodal user-interface dialogue sys
tem. The larger system acts as a conversational agent engaged in dialogue with the human 
user. Output originating with the backend application system can take the eventual form of 
spoken English utterances, printed English text, or changes in the graphical display screen, 
e.g., appearance, disappearance, movement, or color change of a screen icon, and left or 
right panning or zooming of the overall display. User input utterances can he typed or spo
ken English queries and commands, mouse gestures (simple clicks}, and typed English or 
command-language utterances. 

The underlying semantics of the system are provided by a knowledge base that contains 
entries for the objects and actions that reflect the capabilities of the backend application. 
The knowledge base serves as the belief system defining semantics for the automated dialogue 
agent. Therefore, all input and output references must he converted into legal forms in the 
language of the knowledge base. So a mouse click on the icon for a vehicle, the user's spoken or 
keyboard utterance, "The red bus," or the mixed modality input "This <mouse-click> bus" 
need to map to the same form in the commandfquery language of the backend database. 

2 Difficulties in Using a Dynamic World Model 

The discourse framework we propose, addresses a family of problems that arise in systems 
for which there can he no assumption of a close world of reference or a static belief system 
over the course of the dialogue. In one application of our system the user's task was to 
understand and modify the contents of a knowledge base. That knowledge base being edited 
also served as the semantic basis for the Natural Language Understanding (NLU) system 
that performed interpretation of the user's input. In such a system the user will necessarily 
refer to concepts that are not yet in the knowledge base and therefore not yet understood by 
the NLU system. Similarly, reference can he made to objects that have been removed from 
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the knowledge base. In this case, the lexical items are familiar to the NLU system but the 
corresponding knowledge base entry is absent. This prevents the reliance on world knowledge 
to help interpret the user's referring expression. 

Our discourse module assumes the interpretation components to he limited in coverage 
to some subset of English and falible even within their scope. From the speech recognizer 
and lexicon to the discourse module itself, any module can experience incompleteness or un
certainty. This means that at a given moment, the current discourse interpretation may he 
incomplete or wrong. The interpretation process may fail partially in several ways. For exam
ple, given a correctly analyzed "that bus" from the speech, syntax, and semantics analyzers, 
the discourse system may fail to locate "bus" as a subclass of "vehicle", it may identify the 
class "bus" and its location in the ontology but not know which instanee of that class is 
being denoted, or it may find the bus in the knowledge base without being able to relate it to 
anything in focus in the ongoing discourse. Thus, discourse component methods must allow 
for augmentation of incomplete interpretations and nonmonotic . correction of an incorrect 
discourse model during subsequent dialogue. 

3 A Proposed Discourse Framework 

We use an adaptation of the discourse representation documented in (LuperFoy 1991; 1992). 
lt includes three tiers of information available to the discourse component at run time: 

1. Knowledge base information: The objects at this level are entries in a knowledge base. 
The discourse processor exploits world knowledge during interpretation by querying the 
knowledge base at run time to determine the presence and arrangment of objects. lt 
also invokes the reasoning engine to test the likelibood of hypothesized relationships 
between denoted objects. 

2. Discourse information: The objects at this level are called Discourse Pegs and serve as 
loci for collections of attributes. There is one peg for each construct under discussion. 
Pegs, their attributes, and their links to each other and to objects on the other tiers, 
are all nonmonotonically updatable;· 

3. Surface form information: The objects at this level are called Mentions as there is one 
for each occasion in which a Discourse Peg is mentioned by either dialogue partici
pant (user or backend system). Each channel of communication has an independent 
'utterance' processor that captures input and converts it into a simple first-order pred
icate logic expression. For the typed English input channel the NLU.modules include 
morphology, syntactic parsing, and sentential semantics. A mention is created in the 
discourse representation for each referring expression in the resulting logical form. 

Output forms are also converted by the discourse processor into predicate-argument forms 
based only on the objects or constructs that are "mentioned" by the output utterance. There 
is no true NL generation module, so output English utterances are simple string templates, 
the slots of which get filled by discourse pegs. 

Mention information on the surface form tier decays rapidly as a function of time. Mouse 
clicks, screen output events, and English referring expressions vanish soon after being intro
duced. Discourse tier information decays only as a function of attentional neglect; as long as 
a discourse peg continues to he mentioned in the dialogue it remains in the attentional focus 
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structure in the discourse model. Knowledge base information does not decay and is removed 
only in response to deliberate action. 

This representational framework was developed as part of a mixed-modality dialogue in
terface toa knowledge base editor. It has since been adapted to bilingual spoken dialogues and 
the discourse component of a GIS (geographical information system) application supporting 
dialogue segments such as the following: 

user: "bring up themapof Bosnia" 
system: <displays a map> 
user: "pan left" 
system: <updates the display> 
user: "zoom in on that lighthouse" 
system: <zooms in on a screen icon that appeared as a result of the previous panning 
operation> 

4 Foundational Literature 

The three-tiered discourse system was developed as an implementation of two equivalent 
theoretica! semantic frameworks, File Change Semantics (Heim, 1982) and Discourse Rep
resentation Theory (Kamp, 1981). In the third tier, the discourse model tier, the discourse 
processor maintains a representation of immediate attentional focus information structured 
according to Grosz and Sidner (1985). The attentional focus updating process of our dis
course component consults a user model designed by Goodman (personal communication). 
The user model records a classification of geographical information ( often realized as display 
icons) in which users of different types are likely to take interest. Based on this record, the 
discourse component can determine whether a new icon for, say, a lighthouse which appears 
astheresult of panning the map display, ought to be placed in focus for the current user. lts 
presence at the top of the focus stack makes it available to the discourse component for inter
pretation of subsequent context-dependent user input such as "zoom in on that lighthouse" 
or an otherwise ambiguous mouse click (see Wahlster, 1987) in that region of the map. The 
introduetion of mentions into the surface form tier follows the heuristics defined by Webher 
(1978). 
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In effective use of different interactive modalities due attention should he given to some 
important phenomena of human-computer communication. Except other relations in telecom
munication human-computer interaction is operational (relation "subject-to-object")rather 
than communicative (relation "subject-to-subject")in character. A peculiarity of computer 
mastering is that novice should he included in the fundamentally different types of relations. 
It may he safely suggested if a novice can not differentiate these types of interaction a specific 
computer harrier occurs. We named it as phenomenon of a confusion of communicative and 
operational types of interactions under computer-mediated interaction conditions. 

Recent work was clone in providing consultative, informational, technical and psychological 
guides to involving Russian scholars- humanities into the international telecommunication. 
The special observation of a group of scholars oriented at subject-subject relations working 
with computer enabled us to notice an evident way how the two types are confused in the 
telecommunication interaction. 

1. From the very start representatives of this group of humanities personify a computer. 
In their reports computer appeared as "a stranger with whom it'll he neccessary to get in 
touch", as "a foreigner whose language is unknown" and so on. Analysis of the metaphorical 
descriptions of a computer by the rest novices depiets their perception of it as a teehuical tool 
most often as "a teehuical assistant which multiply my opportuni ties". 

2. The actualisation of the communicative type is clearly shown in the way of interaction 
with it. 

a. We observed how often they gave commands that intheir opinion could have worked 
but which were not installed in the computer program and user had never used them 
before. So as communicating with each other a person can use several ways to express 
one and the same meaning, the necessity to follow strict rules of using computer are 
treated by these novices as computer has "limited" opportunities. 

b. Change of a real partner in telecommunication sometimes was accompanied by novice's 
effort to choose unique number of computer commands, oriented at partner's individu
ality. The novice wondered why in communicating with different people he should use 
the same operations. 
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c. The scholars demonstrated certain dislike of designation that appeared on monitor 
screen evaluating them as of low quality, senseless from the point of view of Russian 
language traditions. Schalar K.: "Can you imagine that instead of "pU[KIN" ( great 
Russian poet) I should write some nonsense: P-U-S ... ". 

d. First of all the scholars learn textprocessor: they know it due to the experience of work 
with typewriter. At the same time they didn't show any interest in other opportunities 
of a computer. 

So, the beginning of scholars-humanities' use of computer in telecommunication may be 
accompanied by mythologisation of interaction with computer, its perception as a partner in 
communication. The reason for peculiar stability within some scholars in the phenomenon 
mentioned above may be connected with the fact that subject-subject relations are the 
main type of relationship for humanities with environment - both in informal communiea
tion and professional activity aimed at studying different aspects of human relations. For 
non-humanities the world is mainly a of objects. Interaction with it supposes practical or 
ideally changing of these objects in accordance with definite algorithms, i.e. actualisation of 
operational type of interaction. It should be underlined that we mean not formal belonging 
of a schalar to humanitarian sciences, but subjective, biographically implemented in various 
situations of interaction, preferences and orientations of a subject. 

For the main group of novices computer learning meant gradual operationalization of 
their activity at the terminal. But disoriented scholars at first tried to identificate their own 
positions in the new communicative relations with computer. Real progress in learning of 
communication- oriented scientistas was not observed fora long time. It is safe to assume that 
the situation is changed drastically only from the instant when identification of a computer as 
"a partner with restricted possibilities" hap pens. From that moment the operationalization 
stage begins. 
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1 Construction Grammars 

Given that linguistic knowledge requires simultaneous representation of form and meaning, 
and that all understanding is in context, it is natura! to represent constructions (cf. e.g. [4]) 
as data structures that explicitly combine form, meaning and context (F , M , C ). 

Constructions range from words to discourse; they include both the standard constructions 
of type Subject Verb Object, and the not so standard ones like The X-er, the Y-er. For example, 
No, send it tomorrow. - typically produced as a revision of a previous request - can he 
analyzed as a discourse construction (msg(S,M) stands for "the meaning of Sis M"; N is 
the name of the construction). 

N : sent(imp, no.S) 

C . f previous_utterance(X)&cons_name(X, sent(question, -)) l 
· previous_speaker(Sp )&addressee(Sp) 

F struc("no" .S)& l 
cons_name(S, sent( deel,-)) 

M [msg(X, M) & msg(S, M2) & revise(M, M2)] 

(1) Construction grammars are not lexicalized; (2) They are not head driven (since in real 
dialogs and texts it is often impossible to find the head of a clause); (3) Parsing produces only 
flat, two level, "semantic" structures- which is important from the point of view of efficiency; 
( 4) Ontology plays an important role in organizing the grammar and in guiding the parsing. 

2 The role of context and ontology 

It is impossible to recognize that a declarative sentence like Next Monday, I have to fly to 
Montreal is intended as a question or request without contextual features [1]. Ditto for 
sentence fragments. 

There are two kinds of contextual parameters: "internal" - that appear explicitly in 
constructions; and "external" - neerled for interpreting utterances in the context of a do
mainfapplication (e.g. action_name or currenLtask). We will only discuss the former. 
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"Internal" parameters are closely coupled with ontology: speaker, hearer, time, location. 
The novelty of our approach lies in an explicit incorporation of those parameters in con
structions. Furthermore, this is clone in two places: in c and by embedding ontology into 
linguistic categories. 

Regarding the embedding, not only do we have an np construction, but also np(place), 
np(duration), np(time), np(time(hour)) etc. - thesemantic hierarcbies are re:flected in the 
tree of linguistic categories. 

Different constructionscan describe the sameobject of a given category, for example hour 
can be given by a numeral or a numeral foliowed by the word "am" or " pm". There is a 
continuurn of both categories and constructions descrihing objects of a given category, for 
instance, we have the following sequence of types of constructions 

np > np(time) > np(time(month)) > np(time(month(january))) = january 

corresponding to the sequence of categories 

entity >time> month = time(month) > january = time(month(january)) 

(In the first case january is a word/construction, in the second case it is a concept). 

3 Conclusions 

Based both on theoretica! considerations and on our experience with implemented systems, 
we claim that our version of construction grammars is a good basis for multimodal dialogs (we 
view multimorlal dialogsas a place where language and vision meet): (1) There is evidence [2] 
that people use the same 3K or so basic ontological categories in vision and language faculty; 
(each category associated with up to 10 geometrie types). (2) There is a close relationship 
between ontologies and case systems [3]list 28 cases grouped in 5 classes (e.g. space ( direction, 
orientation, location_to, ... ), or causality (cause, contradiction, effect, .. .)). 

Regarding our practical experience1 we have built a suite of prototype dialog systems: 
a dialog interface to an on-line calendar ([8]), a multimorlal interface to a communication 
window (fax+email), a system for obtaining insurance premium quotes, and an interface to 
a banking machine. In addition, our work on ontology ioclucles the work on representations 
for indexing video clips [7]. 
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