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Introduction

We are working on representing discourse in a system
that we want to support mixed initiative interaction.
The basis for this discussion is the authors’ work on
a system for helping students understand the reason-
ing behind decision-support systems that use statist-
ical information. The project involves taking an exist-
ing system, Banter (Haddawy, Jacobson, & Jr. 1996),
in which control of the interaction rests primarily with
the system, and redesigning it as a mixed initiative,
cooperative agent, a system we call B2.

Tutoring systems are a natural testbed for studies of
mixed initiative because, at a minimum, the overarch-
ing discourse goal is clear: one participant is supposed
to come to "know" what the other participant "knows"
as a result of the interaction. Both participants are
capable of taking control of the interaction to achieve
this end.

Two Modes of Interaction

The system can be in one of two modes active or pass-
ive. In active mode, the system is planning text and is
parsing the user’s input under the assumption that it
will help the system determine how to continue to plan
text for the next exchange. Our initial computational
model for this mode is based on the interactive text
planner IDP (Hailer 1996). However, the IDP model
only represents the discourse plan of the system. After
using the user’s utterance to identify a way to continue
to plan text, it is discarded.

In passive mode, the user is planning text and initiat-
ing the exchanges. In this mode, the system is parsing
each exchange to recognize the user’s text plan and her
contribution to achieving their shared discourse goal.
Our first attempt at a computational model for this
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mode is based on Litman and Allen’s model for recog-
nizing discourse and domain plans (Litman ~ Allen
1990). They account for recognizing a user’s plans at
both the discourse and domain level. These plans often
include embedded discourse plans that the user intends
to have the other participant execute. For example, the
system might identify that the user is executing a dis-
course plan of requesting the other participant (in our
case, the system) to inform the user of the gate of 
train. The inform plan is an argument of the request
that is intended for the system. However, their model
stops short of representing what the system does if it
performs (or doesn’t perform) this embedded plan.

In either active or passive mode, the system can
be saying (executing a text plan) or listening (parsing
the user’s input). In an active mode, the system says
something as the result of planning text to achieve the
discourse goal. It executes its text plan and then listens
to (parses) the user’s input under the assumption that
the user is trying to recognize and cooperate in the
system’s plan. In a passive mode, the system listens
to (parses) the user’s input to recognize her discourse
plan and the embedded plan that she intends for the
system to execute. Saying in this mode is the result of
the system executing that intended plan.

Transitioning Between States

We define a system as being capable of mixed initiat-
ive interaction if it can represent and reason about the
ongoing discourse to

1. transition to active mode to inform, command, cla-
rify, or ask a task-related question

2. transition to passive mode in order to receive inform-
ation, process a command, or answer a question

The system must be capable of metareasoning about
the current state of the discourse model to plan to
transition between its two modes. This is one of the
principal reasons that we have chosen to use a uniform
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B2

Doc:

B2:

What is the best test to rule
in gallstones?

HIDA

(u~0)

(ul’l)

No, it is not the case that
HIDA is the best test to rule
in gallstones. (U~2)
CT is the best test to rule
in gallstones. (U~3)

Figure 1: An Actual Exchange

representation for all information relating to the dis-
course in a semantic network.

Representing the Discourse
Following Grosz and Sidner, our current discourse
model has a linguistic component and an intentional
component, but as yet, no attentional component
(Grosz & Sidner 1986). In this model, the discourse
goal is shared, and both the system and the user can
plan discourse, and recognize the discourse plans that
the other participant is using.

Consider the example in Figure 1 that shows a seg-
ment taken from a longer interaction between B2 and
a user (Doc) at a point where B2 constructs a text
plan to ask the user a question. The system uses this
text plan, (recorded as part of the discourse model)
and static domain information to analyze the user’s re-
sponse and determine that she has provided a reason-
able (if not correct) answer to the system’s question.

In the discourse model, there are six related levels of
information. The levels represent

1. each utterance i made by the system s that is denoted
as: U~, and each utterance j made by the user u: U~

2. the sequence of utterance acts and which participant
(p --- s or p = u) made each one

Su v v= (vl, v2,..., uP,)

3. the system’s interpretation of each participant p’s ut-
terance i: Iu~

4. the sequence of interpretations of utterances:

Sl = (Iu~, Iug,..., I~. 

5. the set of utterance interpretations as conversational
exchanges Ez~, that is, each ordered pair of utter-

ance interpretations (Iu~k, Iup, ) that comprise an ex-
3

change E(iu~k ,Iuy ’ )

EI2 = {E(i~ ’~7 ) }

Pk ~ Pl

6. a set of interpretations IE where each interpretation

IE(xupk~ ,iu~,). is an interpretation for a conversational

exchange E(lu~~ ,Ivy, ) in EI~.

IE = { Iw%~k,,u~, ) 
i

Pk ~ Pl

In level 1, U~ denotes the ith actual utterance pro-
duced by the system. Likewise U~ denotes the ith ac-
tual utterance produced by the user. For example, for
utterance 11 (U~I) it is recorded that the user has said
"HIDA" The representation in level 2 is our linguistic
discourse structure. It is the actual sequence of utter-
ances as they occur. For example, in Figure 1, we are
considering a subsequence of the dialogue which are the
utterances

8 ~t
...,Ulo, Ull,U~2, U~3,...

Level 3 is our interpretation of utterances as sur-
face speech act events. Our discourse model is de-
signed from the perspective of the system as one parti-
cipant. For each utterance event U~, we associate the
system’s interpretation of that utterance event Ip. For
the event U~I, the system’s interpretation I~1 is that
the user answered that the best test to rule in gall-
stones is HIDA. Since there is a corresponding utter-
ance interpretation for each utterance event, at level 4
we represent a sequence of utterance interpretations SI
that parallels the actual sequence of utterances Su in
level 2.

The system can identify that some adjacent pairs
of interpretations in the interpretation sequence con-
stitute a conversational exchange. At level 5, we rep-
resent a conversational exchange, E(Iu~k ,I~pt ), Pk ~£ Pl,

as an adjacent pair of interpreted events that the sys-
tem can identify as an exchange structure according to
Conversational Analysis Theory (Schegloff 1988). 
our example, the utterance event interpretations I~0
and Ii~1 have been identified as a conversational ex-change E(iv~° Ju~)" For every conversational exchange

at level 5, there is an interpretation of the exchange
that is represented at level 6. The interpretation of the

conversational exchange E(iu~o,ru[~) is that the user has
accepted the system’s question.
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Current Work

We are currently implementing a seventh level of rep-
resentation that is the intentional model of the dis-
course. The system’s interpretation of each utterance
event at level 3 is related to one of the system’s text
plans, or to a discourse plan that the system has recog-
nized that the user has used.

The system’s interpretation of its own utterances are
the surface speech acts that its underlying text plan-
ning has expanded out to. Recording this information
is simply a matter of asserting in the network that the
system has executed its entire set of plans from the
discourse level down to the surface speech act and ut-
terance level. The system’s interpretation of the user’s
utterances (in terms of surface speech acts) is related 
the user’s underlying discourse plans using plan recog-
nition. A difficult problem that we have yet to address
is how to relate the discourse plans of the user to the
discourse plans of the system to form a coherent model
of their joint plan for the discourse.

Processing Mixed Initiative

We expect to use the intentional level of our model
(level 7) and the exchange interpretation level (level 
to have the system reason about transitioning between
its active planning and its passive plan-recognizing
mode. This will constitute the system’s interactive be-
havior. For example, a transitions might be triggered
by a state at the intentional level reasoned about in con-
junction with a state at the exchange level that indic-
ates that there are speech act misunderstandings that
require repair. As a starting point for this work we
are using an existing model for the repair of speech act
misunderstandings (McRoy & Hirst 1995).

The Implementation

B2 is being developed using the LISP programming
language, running on a Sun workstation. We are using
the SNePS 2.1 tools to create the lexicon, parser, gener-
ator, and underlying knowledge representations of do-
main and discourse information(Shapiro & Group 1992;
Shapiro & Rapaport 1992). Developed at the State
University of New York at Buffalo, SNePS (Semantic
Network Processing System) provides tools for building
and reasoning over nodes in a propositional semantic
network. By incorporating a true knowledge repres-
entation system, we can represent the domain and all
levels of discourse knowledge uniformly. This allows
B2 to access and reason about different types of in-
formation simultaneously to perform the tasks that we
have described.
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