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ABSTRACT

Action mode interfaces, in which the user achieves his goals by manipulating representations,
suffer from some fundamental disadvantages. In this paper, we present a working prototype
of a system for Continuous Linguistic Feedback Generation (CLFG), a facility that addresses
some of the major disadvantages. CLFG generates natural language descriptions of the
actions the user is performing. These descriptions are presented in both the visual and audio
channels. The knowledge sources and algorithm that enable CLFG to provide concise and
relevant information are described in detail.
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1 INTRODUCTION

During the last decade, several categorizations for interfaces have been made (e.g., Hutchins,
Hollan, & Norman, 1986; Frohlich, 1991). They all seem to converge toward two basic
modes of interaction. Hutchins, Hollan, and Norman (1986) describe the two modes of
interaction as metaphors: the metaphor of interface as conversation and the metaphor of
interface as model world. We use a slightly different terminology based on the interaction
mode instead; we distinguish between the language mode and the action mode. The
distinctive criterion is whether the user can achieve his goal by using a linguistic description
or by a non-verbal manipulation of representations (usually icons).

In the language mode, the user and the system engage in a dialogue of sorts. In practice, the
user often formulates commands and queries in a formal or natural language. Natural
language (NL) in particular is an essential component of recently developed multimodal
interfaces, e.g., XTRA (Allgayer, Jansen-Winkeln, Reddig, and Reithinger, 1989), Cubricon
(Neal and Shapiro, 1988), ALFresco (Stock, 1991). NL is a powerful and efficient medium to
convey complex, abstract information. It is suited to efficiently communicate abstract or
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imaginary concepts, quantities and functional properties. Examples are a good idea, the file
I'm going to make tomorrow, all the Lisp files created by Koen, the message for Theo, etc.

In the action mode, on the other hand, the system and the user communicate by effecting
changes in a representation which is usually presented visually. In this mode, referring to
unique objects is achieved in a most natural way by pointing. Information about shapes,
textures, or hierarchical structures can be communicated almost ideally in a visual
representation.

Recently, the introduction of so-called multimodal user interfaces has been proposed (e.g.,
Claassen, Bos, & Huls, 1990; Neal & Shapiro, 1988; Schmauks & Reithinger, 1988; Walker,
1989). The main reason to combine the two modes is that the disadvantages of both modes
are considered largely complementary. The shortcomings of one mode of interaction can thus
be countered by providing the other mode as well.

In this paper, we argue for the incorporation of a particular linguistic facility into action mode
based interfaces. The proposed facility provides NL comments on the user's actions. Our
basic assumption is that linguistic conveyance of information that is not present in the visual
model world will yield fewer errors and improves the achievement of user goals. NL is a
channel well suited to conveying such supplemental information.

Systems that are, to some extent, related to our work exist to date. Multimedia applications
that combine graphics with language, albeit usually prerecorded speech or canned phrases,
have become quite common nowadays. More interactive is the SOCCER system (André et al.,
1988) which automatically generates descriptions of scenes that have been analyzed by a
vision system. The WIP project (Wahlster et al., 1991) and the Information Presentation
project (Arens, 1992) are aimed at multimodal descriptions in instructive manuals. Our work
differs from these systems especially in its goal to enhance user interaction with systems
dynamically.

The rest of this paper is structured as follows: in section 2, we will discuss the disadvantages
of action mode based interfaces into more detail. In section 3, we will provide an overview of
a working prototype of a multimodal interface. This multimodal interface is called EDWARD
(Bos, Claassen, Huls, forthcoming) and is under development at NICI. In section 4, we will
present the Continuous Linguistic Feedback Generator (CLFG), a facility of EDWARD that
comments on user action. In section 5, we will elaborate on the improvements CLFG offers
for action mode based interfaces. In the final section, some conclusions are drawn and
opportunities for further research are sketched.

2 DISADVANTAGES OF ACTION MODE

Although more and more interactive systems adopt the action mode, this does not mean that
the action mode is free of disadvantages. Bos (in press-a) lists several communicative features
that give rise to disadvantages of the action mode. Here we will elaborate on some of them, in
particular those that seem dissolvable by commenting on user action:

1 Representation limitations. The capacity of the graphical representational system is often
insufficient. E.g., not all attributes of a file can be revealed by its icon. In contexts with a high
information density, it is impossible to design representations in such a way that all types of
information that could be relevant can immediately be observed by inspection.



2 Specification beyond the 'here and now'. A model world does not allow for the
opportunity to abstract from the 'here and now' of it (Walker, 1989). It is important to note
that items that are present in the model world need not be directly available: Often only a
partial view on the world of action can be offered.

3 Speech acts. The underlying intention of an expression in the interface language, that is,
the type of speech act (Searle, 1969), can hardly be revealed in the action mode. It is not
immediately apparent whether a graphical representation or manipulation is intended as a
comment, warning, explanation or question.

4 Constraining reasons. Action mode interfaces often constrain user actions that would
result in erroneous states or illegal commands. In many desktop interfaces, e.g., icons cannot
be dragged off the desktop. However, this raises a new problem. Users want to be informed
why their action is constrained. This is not easy to achieve in the action mode.

S Unintended actions. Since we have less control over what we do than over what we say,
unintended actions occasionally occur. Typically, uncontrolled movements that are
interpreted by the system (e.g., accidental release of a mouse button), result in undesired
action execution.

6 Inverse WYSIWYG. In all action mode interfaces we know of, it is possible to perform
actions that do not actually mean what the user might think. The user might erroneously apply
an inverse WYSIWYG: What You Don't See You Haven't Got. Empirical data supporting
this view can be found by Hensgens (Hensgens), who finds, e.g., some users trying to delete
an arc in a graphical tree-editor by making the arc invisible.

3 A SYSTEM COMMENTING ON ACTION

Having described the disadvantages of the action mode, we now present the multimodal
interface EDWARD (section 3.1), which comprises a component named CLFG (section 3.2)
that comments on user action.

3.10verview of EDWARD

The multimodal interface EDWARD (Bos, Claassen, Huls, forthcoming) is composed of two
subsystems, each providing unimodal interaction, coupled by a dialogue manager. The first
module is the Dutch natural language dialogue system DoNaLD (Claassen & Huls, 1991),
and the second is the graphical graph-editor Gr2 (Bos, in press-b). EDWARD is implemented
in Allegro Common Lisp and runs on a DECstation. The linguistic descriptions are either in
written form (user input, system output) or spoken (currently system output only). EDWARD
is a generic, domain independent interface. The current example domain which EDWARD is
applied to is a hierarchichal file system consisting of various types of files, folders, mail
messages, etc.

The user can manipulate the objects in the domain in four ways: by pointing at objects and
mimicking actions (action mode), by selecting actions from menus, by entering a command in
a command language (formal language mode) or by addressing the system in natural
language (natural language mode). These modes can be used separately but they also can be
combined in one multimodal expression, e.g. by typing the expression put them there-,
where -7 denotes a simulated pointing gesture. The manipulation of the objects in either way
results in an update of the model world as well as in an update of the internal knowledge
base, which, in our example domain, implies an operation on the file system. Figure 1
presents a snapshot of an interaction.



Figure 1: A screen dump of EDWARD. The user has selected a file icon
(black) and is dragging it to the copier icon (bottom left).

The frame in which EDWARD is displayed consists of three areas. The topmost area contains
iconized trace windows. The area occupying most of the screen is the graphics display, which
is a window called Gr2. The example shown in Figure 1 represents a hierarchy of directories
(depicted as bookcases in a tree structure), and files (e.g., reports, papers, emails, and books).
The viewport shows only part of the model world, which, in principle, extends indefinitely. In
the bottom corners of the viewport, a copier and a garbage container are displayed. The bear
icon, at the bottom in the middle, represents the system.

Using a mouse, the user can manipulate the graphical representations of the domain objects
by pointing, clicking and dragging. At the bottom of the Gr2 window a mouse documentation
bar is presented. The bottom area of the EDWARD window is occupied by natural language
interaction windows. In the left one, labeled Dialogue (where Invoer means input, Uitvoer
means output), the user can enter NL commands, questions, or assertions. At the lower right
is the output window labeled CLFG for the system's comments on user action.

EDWARD's CLFG (Continuous Linguistic Feedback Generator) comments on the actions the
user performs in the model world presented in the window labeled Gr2. When the user selects
an object, e.g. the file donald in Figure 1, CLFG presents additional information about this
object, in this case the file type, authors and topic: het spinrapport van Wim en Carla over
dialoogsystemen (the SPIN report by Wim and Carla about dialogue systems). This
expression is both visually displayed in the CLFG window and auditorily presented by a
speech synthesizer.

Suppose the user continues his interaction by dragging the selected file icon towards the
copier icon, located on the lower left in the Gr? window. When the selection area of the
copier icon is entered, CLFG presents information about this action (again both visually and
auditorily), in this case saying Je gaat het copieren (You are about to copy it).

3.2EDWARD's internal architecture

Figure 2 presents an overview of EDWARD's internal architecture. The arrows represent the
information flow between the main components. EDWARD's central component is the
dialogue manager. It coordinates input and output expressions and it controls the linguistic
and graphics processes. The context model, the knowledge base, and the lexicon are
maintained by the dialogue manager. In addition, the dialogue manager makes sure that the
display is always up to date. The language interpreter and the language generator consult the
context model, the knowledge base, and the lexicon.
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Figure 2. The internal architecture of the multimodal interface EDWARD.

The knowledge base stores the permanent generic and specific world knowledge of the
system, whereas the context model temporarily memorizes which objects from the knowledge
base have been referred to in the dialogue. In the lexicon, morho-phonological and syntactic
features of words are represented, as are links between words and the knowledge base,
representing lexical meaning.

The knowledge base is a semantic network implemented in CommonORBIT (De Smedt,
1987), a frame-based language somewhat similar to KL-ONE (Brachman & Schmolze, 1985).
The nodes in the network represent classes and instances of entities and relations. E.g., the
class <person> contains two subordinate classes <man> and <woman>; and the concept of
sending an object to someone is represented by a generic relation called <send>. Individual
objects in the domain are represented by instances, e.g., an individual who is a man might be
represented as <man#24>. If he sends a message, a relation instance is created, e.g.,
<send#89>.

EDWARD's knowledge base is linked to the visually displayed model world. Firstly,
EDWARD contains knowledge as to which classes of entities are displayed as icons. E.g.,
books are represented by book icons, email messages by enveloppes, project reports by
document icons with a centered rectangle, but there are no icons for departments and abstract
entities. Secondly, two classes of relations are known to be visualized, viz. name-relations
(by means of attributed labels), and contain-relations (by means of arcs).

The knowledge base contains additional information about classes that is relevant for content
selection in CLFG. Among this information is the dynamic extent of relations. Some concepts
are more static (e.g., name-relations), some tend to be more sensitive to changes (e.g., icon
positions), and others last only for a very short time (e.g., copy-relations). Another distinction
concerns the importance of concepts as information conveyers within the domain. E.g., name-
relations are more important than icon positions: Reference to a file is comprehended easier
if its name is used (e.g. donald) than if its position in the model world is used (e.g. the file just
above the copier). In the knowledge base, concepts are ranked according to this criterion.

EDWARD also knows facts about individual instances. It knows, e.g., that <spin-report#12>
has a <name-relation> with the name donald, a <contain-relation> with <directory#784>
(which has a <name-relation> with claassen), and a <copy-relation> with <spin-report#63>
(which is named gr2 and in which <man#25> is the actor, that is, the user who performed
this copy action). And, of course, EDWARD also knows whether the object's icon is
displayed in the current view-port, and if so, what its exact position is. EDWARD maintains a
history of facts whose time span have elapsed (e.g., copy actions, old names). All this can be
relevant for the formulation of expressions in CLFG, as will be explained below.

The second knowledge source EDWARD uses is the context model, which is a representation
of current topics in the linguistic and non-linguistic context. The context model is a necessary
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requisite for interpreting and generating referential expressions with pronouns (e.g., he, that
one). Whether a concept is a current topic in the context model is determined by its salience.
The notion of salience has two important characteristics. In the first place, the salience of an
instance at a given moment is determined by a rich diversity of factors, differing in
importance (e.g., recency of mention, visibility on the screen). The second notable
characteristic is that salience is a graded notion. We elaborated on the work on Alshawi
(1987) who provided a general framework for modeling salience that does justice to both
characteristics mentioned above. We refer to Claassen (1992) for a detailed description of
EDWARD's context model. For descriptions of other features of EDWARD, e.g., the
interpretation of deictic expressions or the anticipation of actions, we refer to Claassen, Bos
& Huls (submitted) or Bos (submitted) respectively.

4 EDWARD'S CLFG

Now let us take a closer look at how CLFG operates in EDWARD. Two stages can be
distinguished: composing the contents of the feedback (what to say), and constructing the
linguistic form (how to say it).

4.1What to say

There are two types of user action in the action mode: (1) selection of the object(s) to operate
on, and (2) manipulation of the selected object(s). CLFG acts differently for each type of user
action.

Selection. If the user points at an object in order to select it for action, CLFG describes this
object. We believe that in order to be cooperative, CLFG must produce concise and relevant
output. The algorithm we have devised to decide what to say is as follows.

First of all, if the object selected is an arc, CLFG will express the relation represented by that
arc, e.g., claassen bevat dialogue (claassen contains dialogue). If the object selected is of a
different kind, all information concerning the object is collected, i.e., all relations the object is
involved in. Since this collection is usually very large, a selection must be made. Therefore,
the collected relations are ordered in priority, using several heuristics. As was discussed
above, the knowledge base contains several possible ranking criteria.

Initially, the importance information specified for the domain at hand in the knowledge base
is used. This brings <name-relation> at the top. Next, relations that are known to provide
information that is already visible on the screen are reset to the lowest priority. It seems
useless for CLFG, e.g., to say donald upon selection of the icon with the same label. A further
change in order is achieved by using the context model. It seems useless to say things that just
have been said. If the user,e.g., has just sufficiently been told that something is the report
reviewed by Koen, it does not make much sense to have CLFG say You are about to copy the
report reviewed by Koen. Rather, using a pronoun might be more appropriate, e.g. You are
about to copy it.

Finally, EDWARD's dialogue manager decides how many in this ordered list of relation
instances will actually be presented to the user. The default number is 2 (one specifying the
object's class, another a remarkable detail). However, if this number is too small to describe
the object uniquely, more relations are used. If, e.g., Olga sent two emails, then using the
send relation <send#45>, resulting in Olga's email, is clearly insufficient. CLFG searches for
other relations making the referent unique, e.g., the topic relation <topic#67>, resulting in
Olga's email over Koen (Olga's email about Koen). For a detailed description of EDWARD's
algorithm to find distinguishing information, we refer to Claassen (1992).
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Manipulation. Once an object has been selected for action, and is being manipulated, CLFG
describes the action which is about to be performed, e.g. Je gaat Olga's email weggooien
(You are about to throw away Olga's email). We assume that no further information about the
selected object is required in this expression. However, in domains with only a few actions or
with only very obvious actions, CLFG might provide additional information about the
selected object, that is, present more relations from the ordered list.

CLFG describes actions by their meaningful effect in the interface language. Dragging a file
icon to the garbage container icon, e.g., means deleting the file. In order to fully exploit
CLFG's advantages, the feedback description of an action is best presented while the action is
still ongoing. If CLFG waits until the action has been completed and the system has
interpreted it and executed the corresponding command (e.g., deleting the file), the user
usually needs to spend some effort to undo the effects in case of an error. By commenting on
an ongoing action, errors need not be undone but can be prevented. Often, however, the
meaning of an ongoing action is not obvious right from the beginning. E.g., one can drag a
file icon in order to either copy it or delete it. CLFG comments on an action as soon as its
meaning is clear, that is, as soon as the mouse cursor enters the selection area of either the
copier icon or the garbage container icon.

Apart from semantic information, CLFG might also be enabled to provide information of
lower levels of the interface language. It might provide syntactic information, e.g., Next,
move mouse cursor into selection area of copier icon, or lexical information, e.g., The right
mouse button is pressed. But these kinds of information are considered less helpful: most
errors can be prevented by providing information about action semantics. Therefore, CLFG
currently only presents semantic information.

4.2How to say it

Having decided what to say, CLFG must decide how to say it. The most important criterion in
formulation is conciseness. EDWARD's NL generator meets this criterion by using the
context model to construct an optimal referring expression. However, its application is not
straightforward. The distinction between selection and manipulation, introduced in the
previous section, must be made here as well, because both actions require different
mechanisms to achieve conciseness. Upon selection, CLFG can be concise by using an
elliptical sentence, referring to the object only instead of the entire action. There is no need to
say You selected Koen's file; rather, Koen's file will suffice. But it is inappropriate to be even
more concise and refer to the file with the pronoun iz, as EDWARD's generator would do in a
dialogue the user and the system are engaged in (e.g. in the lower left window of Figure 1).
CLFG appears to set up its own context, and thus pronominalization is forbidden for first time
reference. In subsequent phrases, however, pronominalization is allowed (e.g., Koen's file and
its copies). Thus, when describing the second type of actions, viz. manipulation, CLFG can
pronominalize references to selected objects (e.g., You're about to delete them).

For the lexico-syntactic issues that are dealt with by the Dutch generator, e.g., word order,
lexical ambiguity, sentence and word stress computation for speech, as well as for the internal
representation format for denoting preverbal messages, we refer to Claassen and Huls (1991).

With respect to the presentation channel, visual or audio, we decided to use both. Each has its
own advantages. The main advantage of speech is that it uses a channel which is not occupied
by the user during action. The user does not have to pay special attention to receive the
information. The main advantage of the written CLFG output is that it remains more



accessible for inspection, because it is less volatile. The Dutch speech synthesizer that is used
applies the method of allophone synthesis (Boves et al., 1987).

It is important to note that, although the description of CLFG we have given is entirely
sequential, CLFG generates its output incrementally, that is, piecemeal, in the sense that
output can begin before the entire syntactic structure of the sentence or even the entire
content is completely specified. The three subprocesses involved in generation, which we call
conceptualizer, formulator, and articulator, run in parallel, and produce processable fragments
as soon as possible (De Smedt, forthcoming; De Smedt & Kempen, 1987). The main
advantage of this approach is that the user will be provided with information, albeit
incomplete, much sooner, and will therefore be in a more favorable conditon to avoid errors.

5 IMPROVING THE ACTION MODE
EDWARD's CLFG dissolves some of the disadvantages the action mode suffers from, as
listed in section 2.

(1) Representation limitations. CLFG provides supplemental information that could not
easily be represented in the model world. Authorship of documents, e.g., is not presented
visually, but is made available upon selection. CLFG thus prevents reference errors due to
manipulation of the wrong object. CLFG also prevents the user from having to perform
special actions in order to obtain another view on the model world (e.g., one in which authors
are visualized, at the cost of other information, e.g., date of creation). We concede that CLFG
does not entirely neutralize this disadvantage, because selection is still required in order to get
additional information, and even then there is no guarantee that CLFG presents the
information required.

(2) Specification beyond the 'here and now'. CLFG can provide information about objects
outside the current viewport or outside the current temporal setting. E.g., it can easily refer to
all text files irrespective of whether they are currently visible in the viewport. CLFG can also
easily refer to states prior to the current one. E.g., the directory that contained donald.

(3) Speech acts. CLFG clarifies the effect of an action. E.g., by saying You are about to copy
..., 1t 1s clear that the interface expression the user is constructing is a directive and not a
question or a comment.

(4) Constraining reasons. CLFG provides information on why a particular user action could
not be completed when it is constrained by the system. E.g., if the user redirects an arc to the
copier icon, CLFG responds that directories can only contain files, not copiers.

(5) Unintended actions. CLFG can prevent some errors and misconceptions that are due to
unintended actions. If the user, e.g., clicks in the scroll area by mistake, CLFG responds You
scrolled to the left. Thus the user won't be confused by the new view on the model world: his
questions (what happened?, where am 1?) are immediately answered by CLFG.

(6) Inverse WYSIWYG. Though we have not yet implemented this feature, it is definitely
feasible to have CLFG comment on actions that result from inverse WYSIWYG. This could
prevent errors. If the user, e.g., drags a node in such a way that the arc representing its
contain-relation becomes too small to be visible, CLFG might warn that the contain-relation
is still there, though not visible.

6 DISCUSSION



We have described a multimodal interface with a facility called Continuous Linguistic
Feedback Generator that comments on user actions performed in the model world. By
commenting on action, several types of errors typical for the action mode can be prevented.
We have implemented a prototype demonstrating the feasibility and potential of this facility.
Although all examples in this paper are drawn from the file system domain, the system is
fully generic and domain independent.

At least three issues are worth further investigation. The first issue concerns multimodal
descriptions. There are cases when the limitations of language sometimes become apparent.
In particular, referring to specific positions is difficult. Although CLFG can use deictic
expressions such as boven de container (above the garbage container), accurate absolute
reference requires the use of a coordinate system, e.g., the file at [104,37], which is not
always desirable. As we have already indicated, the use of multimodal deictic expressions is a
suitable solution. E.g. the expression here~ with an accurate simulated pointing gesture to
the specific position seems better. But it must be noted that simulated pointing gestures are in
the visual channel and thus require visual attention which may be occupied.

The second issue is user modeling. Currently, CLFG 'abuses' EDWARD's context model to
decide whether or not the user already knows a certain fact. If something has just been said,
and is therefore salient, the user is considered to know it, and therefore CLFG will prefer not
to express it. However, a more detailed and better user model is required: some kinds of
information are easier to remember than others, and some have explicitly been brought under
the user's attention, while others, might never have been in focus. CLFG should have access
to this kind of knowledge, in order to make better decisions in its content planning.

The third issue worth further research concerns the style of language production. EDWARD's
generator operates in an incremental fashion. However, even though this provides certain
advantages, it implies the risk that occasionally the formulator faces a dead end in mid-
sentence, if the user decides not to complete an action already partially commented on by
CLFG. Unfortunately, the current system is not capable of making self-corrections (De Smedt
& Kempen, 1987), i.e., backtracking to some point and reformulating. Within our current
domain, the action syntax is too simple to allow for significant changes, and there is no clear
need for backtracking. In other, richer domains, self-repairs might indeed be necessary.

The next phase of the project, however, does not focus on any of these issues. We will in the
near future evaluate the usefulness of CLFG in practice. We expect to find some clues for
fine-tuning the algorithm for content planning. In addition, we will attempt to assess and
quantify the system's error prevention potential.
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