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1 Abstract

We discuss a spoken dialogue system which engages
students in multimodal tutorial conversations in order
to evaluate their performance in a training simulator.
The dialogue system is implemented using Nuance,
Gemini, and Festival within the Open Agent Architec-
ture. This paper focuses on our critique planner which
implements the insights of the joint activity theory of
dialogue (Clark 1996).
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2 Introduction

Existing intelligent tutoring systems (e.g., AutoTutor
[6], Andes-Atlas [10]) are based on the theoretical as-
sumption that tutorial dialogue is different than con-
versational dialogue [9]. The tack taken by this ap-
proach has been to catalogue the dialogue acts (So-
cratic questions, hinting) found in tutorial dialogue.
Dialogue acts are realized in tutoring systems (e.g.,
AutoTutor) as states in finite state automata which
govern the dialog move option space for any input.
This approach does not explain why dialogue struc-
ture might vary across tasks and genres. It could be
argued that tutorial dialogue is not really that differ-
ent from other types of conversation. Rather, building
on work of Herbert Clark [2, 3], apparent violations of
conversational rules in tutorial dialogue (e.g., tutors
ask questions they know the answer to) are really just
a consequence of the activity— tutoring— that tu-
torial dialogue works in service of. Once one has a
good model of the activity of tutoring, we can explain

why conversation rules seem to be lifted or loosened
at certain points in tutorial dialogue.

In this paper we describe a system we are develop-
ing for automated critiquing of student performance
on a damage control training simulator (DC-TRAIN,
[1]) and show how it incorporates the theoretical in-
sights of Clark’s work on dialogue. In contrast to
the text-based systems described above, our system
is a spoken dialogue system and uses ‘deep’ process-
ing techniques (our system utilizes Gemini, a symbolic
grammar). These properties both jibe well with cur-
rent research on dialogue and offer greater naturalness
to the user.

3 Theoretical Background

Joint Activities Joint activities [2, 3] are those ac-
tivities in which participants have to coordinate their
individual actions to succeed; e.g. moving a desk.
Joint activities like moving a desk can be divided into
two types of actions: basic and coordinating. Basic
actions for moving a desk include those illustrated in
Figure 1 (example from [3]).

People manage joint activities by coordinating with
each other using language and other signals. To illus-
trate, consider the following coordinating actions used
when moving a desk:

Kim: Sandy, could you help me move the desk?
Sandy: Sure, be glad to.

Kim: (Moves to one end of the desk) Could you take
that end (pointing)?

Sandy: Okay (moving to other end of the desk).

Kim: (Looks at Sandy to see if she is ready.)



A’s actions

B’s actions

A moves to end of the desk
A lifts her end

A moves to second room

A sets down her end

A moves away from her end

B moves to other end of desk
B lifts her end

B moves to second room

B sets down her end

B moves away from her end

Figure 1: Basic actions: moving a desk

Sandy: Okay ... now (lifting her end at “now”).

Kim: (Lifts her end at “now”.)

Dialogue itself is also divided into basic and coor-
dinating actions. Basic actions in dialogue are what
people use to coordinate joint activities like moving
a desk (Could you help me move the desk?). Coor-
dinating actions in dialogue are what people use to
coordinate the use of language itself.

For example, the utterance How do you think you
did? in a debrief session between an instructor and
a student consists of a basic action (the utterance is
a question) and coordinating actions (the utterance
establishes various preconditions; e.g. “Who is the
speaker and who is the addressee?”, “What is the joint
activity to be carried out?”, etc.).

Tutoring as a joint activity Empirical work by
Barbara Fox [5] and others has shown that while tuto-
rial dialogue shares certain discourse moves with other
types of dialogues (e.g., questions and answers), tuto-
rial dialogue has some special properties (e.g., tutors
ask questions they know the answer to). The joint ac-
tivity approach to dialogue argues that the content of
tutorial dialogue is driven by both the problem space
and the nature of tutorial help.

The joint activity approach treats tutoring as a
type of joint activity falling somewhere between spon-
taneous conversation and classroom discourse. Like
other joint activities, tutoring involves basic and co-
ordinating actions. Basic actions in tutoring in-
volve solving problems; e.g. physics problems. Non-
linguistic and linguistic actions like hinting, asking
questions and giving answers coordinate the basic ac-
tions in tutoring. To illustrate, consider how students
verify understanding in a tutoring context [5]. Stu-
dents verify understand via linguistic actions (e.g., us-
ing continuers like mhm or completing the tutor’s cur-
rent clause) or non-linguistic actions (e.g., nodding or
staring blankly). These signals are also used by tutors
to diagnose student understanding.

The joint activity approach to dialogue suggests
that an intelligent tutoring system should include, at
least, the following features:

e A multimodal interface which coordinates linguis-
tic input and output (e.g., speech) with non-
linguistic input and output (e.g., the user can in-
dicate a point on a map with a mouse click or the
system can illuminate a point on a map)

e Precise and reliable meaning representations
which allow us to identify the discourse moves
(e.g., an answer to a question) given linguistic or
non-linguistic input

In the next section we describe a system which in-
cludes these two features.

4 Dialogue System for Training
in Shipboard Damage Control

In this section we describe an intelligent tutoring sys-
tem we are developing for automated critiquing of stu-
dent performance on a damage control simulator. The
simulator is DC-TRAIN [1], an immersive, multime-
dia training environment for damage control. DC-
TRAIN’s training scenarios simulate a mixture of phys-
ical phenomena (e.g., fire) and personnel issues (e.g.,
casualties). Our current tutoring system is restricted
to fire damage scenarios only.

To facilitate the implementation of multimodal,
mixed-initiative tutoring interactions, we imple-
mented our system within the Open Agent Architec-
ture (OAA) [8]. OAA is a framework for coordinat-
ing multiple asynchronous communicating processes.
The core of OAA is a ‘facilitator’ which manages mes-
sage passing between a number of software agents that
specialize in certain tasks (e.g., speech recognition).
Our system uses OAA to coordinate the following five
agents:

1. The Gemini NLP system [4]. Gemini uses a sin-
gle unification grammar both for parsing strings
of words into logical forms (LFs) and for gener-
ating sentences from LF inputs. The use of a
symbolic grammar enables us to provide precise
and reliable meaning representations (in contrast
to ‘shallow’ statistical approaches like Latent Se-
mantic Analysis).



2. A Nuance speech recognition server, which con-
verts spoken utterances to strings of words. The
Nuance server relies on a language model, which
is compiled directly from the Gemini grammar,
ensuring that every recognized utterance is as-
signed an LF.

3. The Festival text-to-speech system, which

‘speaks’ word strings generated by Gemini.

4. A Dialogue Manager which coordinates in-
puts from the user, interprets the user’s dialogue
moves, updates the dialogue context, and delivers
speech and graphical outputs to the user.

5. A Critique Planner, described below.

Agents 1-3 are ‘off-the-shelf’ dialogue system compo-
nents (apart from the Gemini grammar, which must
be modified for each application). We implemented
agents 4 and 5 in Java specifically for this applica-
tion. Variants of this OAA/Gemini/Nuance architec-
ture have been deployed successfully in other dialogue
systems; e.g., an unmanned helicopter interface [7].

Critique Planner Each session with DC-TRAIN
produces a session transcript; i.e., a time-stamped
record of every computer- and student-initiated event
that occurred during the session. These transcripts
are the input to our post-session Critique Planner
(CP).

The CP plans a post-session tutorial dialogue in two
steps.

e Step 1: An Expert Session Summary Graph
(ESSG) is created from the Session Transcript.
An ESSG is a tree whose parent nodes represent
damage events and whose leaves represent the
student-initiated actions in response to damage
events. Each node falls into one of three classes:
(i) correct actions, (ii) incorrect actions, and (iii)
omitted actions.

e Step 2: A dialogue move graph (DMG) is gener-
ated from the ESSG. A DMG encodes all possible
configurations of a dialogue structure that can be
handled by the system.

Generating a DMG from an ESSG requires a tutoring
strategy. The strategy we adopted (based on video-
tapes of 15 actual DC-TRAIN post-session critiques
conducted by instructors at SWOS in Newport, RI)
can be outlined as follows:

1. Summarize the results of the simulation (e.g., the
final condition of the ship).

2. For each major damage event in the ESSG:

(a) Ask the student to review his actions, cor-
recting recollections if necessary.

(b) Evaluate the correctness of each student ac-
tion.

(¢) If the student committed errors, ask him
how these could have been avoided, and eval-
uate the correctness of his responses.

3. Finally, review each type of error that arose in
step (2¢).

Figure 2 illustrates (part of) a sample dialogue with
the system. Note that the multimodal interface (illus-
trated in Figure 3) coordinates linguistic output (“The
first fire was in the engineering storeroom”) with non-
linguistic output (indicated in the dialogue in Figure
2 by “&K...>7; e.g., “<Khighlights fire 1>>”).

The architecture of the critique planner incorpo-
rates the basic and coordinating action distinction of
the joint activity theory of dialogue described in Sec-
tion 2. Basic actions are given by ESSGs which orga-
nize the content of the tutorial dialogue. DMGs coor-
dinate the basic tutoring actions (e.g., summarizing,
asking questions, evaluating correctness of an action,
etc.). The dialogue itself is coordinated by linguistic
and non-linguistic actions; e.g., the computer tutor
outputs Yes or Okay to convey that the system has
understood the student’s input.
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T=tutor/system, S=student

T:

In this scenario, there were 4 fires. You put out 3 of them. Would you like to review this session or start
another session?

Review this session.

< highlights fire 1>> The first fire was in the engineering storeroom. This fire went out after 3 minutes.
What actions did you take?

I sent a team to set fire boundaries.

Yes, that’s correct. <shows fire 1 actions>> You ordered Repair 5 to fight the fire and set fire boundaries.
You handled this one well. Let’s move on. <highlights fire 23> The second fire was in the ammo
strikedown trunk. This fire went out after 4 minutes. What actions did you take?

S: T think I flooded the compartment.

No, that’s incorrect. <shows fire 2 actions>> You ordered Repair 5 to fight the fire and set fire boundaries.
This was an error. . What did you do wrong?

S: I don’t know.

Repair 5 was still fighting the earlier fire. A repair team can only be sent to one compartment at a time.
What should you have done instead?

S: T should have sent repair 2 to set fire boundaries.

Yes, that’s correct. Let’s move on.

Now let’s summarize. In this scenario, there were 4 fires. You put out 3 of them. There were two key
points that arose in this session. First, a repair team can only be sent to one compartment at a time.
Second, you must receive permission from the commanding officer before flooding a magazine. Would
you like to review this session again, try another scenario, or exit the simulator?

Exit.

Figure 2: Sample dialogue



&3 CSLI/MURI DC-Train tutor dialog
File Options Help

=10l x|

Load summarny: |meﬁ|e| ‘me Eliphuardl | Critique: | Start | ‘ Stop | |Reslarl this sessiun| | About | @

2 v
| Session: 4 fires

i : Mo Personnel

| e

e W Fire in 2-174-4: extinguished

g ? repair_five: Setfire houndaries

H ? repair_five: Fight fire

) @ W Fire in 4-72-0: extinguished

i L] R (faili(err, comm) repair_five: Fight fire

: ¥ repair_three: Fight fire

L ? repair_two: Set fire houndaries

) © W4y Fira in -2-158-2: not extinguished
% Fire in 2-414-0: exinguished

!-i should have sent repair two to setfire boundaries Send
SpONSe: |What actions did you take? Repeat

o

H

gue history

Student: i1 dont know

Al vaior. wian utu you uo wiowg:

Tutor: repair fiwe was still fighting the earlier fire

Tutor: a repair team can ohly be Sent Co one cCompartment at a time
Tutor: what should you hawe done instead?

il dcudent: i should hawe sent repair two to set fire houndaries
Tutor: yes thats correct

Tutor: ckay lets continue

Tutor: the third fire was in the torpedo magazine

Tutor: this fire was never extingquished

Tutor: what actions did you taker

Figure 3: Screen shot of post-session tutorial dialogue system
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