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Perspective, Rationale and Organization

hat should a conversational foreign language tutoring system say next? The choice is
nstrained by two sets of considerations: the demands of conversational continuity and the

ipuage progress of the student.  An introduction to these potentially conilicting

Jquirements is the topic of an earlier paper [1]. The present study provides a more |
-hnical analysis of the conversational side of the problem by developing a framework with L |

o key conversational structures: interaction mode and conversational viewpoint. In the

wse of the investigation, it also becomes necessary to examine issues of knowledge
presentation and implementation for & two-way, two-medium communication system, one

at lets tutor and student converse spatially and linguistically.

¢ the outset, the reader may well wonder just what a conversational language tutoring
stem anght look like aad why one should expect it to be useful. One may also seck some

a¢ 1o how it is organized, to gain perspective on the role played by discourse and ;

vwpoint, the main  subject matter of this paper. We take up these preliminary questions ;74

setly, in turn.

e purpose of a conversational - or immersive - language learning environment is to help

v student to understand and use a new foreign language directly and automatically, as 1
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opposed to carrying out conscious mental translation or computation ol griunmatical
formulas. To this end, we get the computer to provide some of the immersion activities that
successful lunguage tutors often use, involving familiar physical objects used 1o act vwt
familiar scenarios. Following these methods, we make use of the student’s own (lirsg)
language only to sct the stage, and leave the explicit teaching of granmunar to others.
Immersion must be gradual, with exposure and comprehension of lunguage preceding its
production. Gradualness slso means introducing new words and patterns one at a time, in
situations where they can be figured out from the rest of the sentence in the context of the
visual activity and the continuity of the subject muatter in the conversation. 1tis this nced for

conversational continuity that motivates the work below,

To lix ideas, it may help to have a concrete example of the kind of objects and sceninos that
are involved here. In one microworld that we call Washroom World, there is a figure whose
movable hand enasbles him to tum on the water and to pick up, use and put down vanous
objects like the soap, towel or toothbrush as needed. Such actions can combine to form
composite actions that result in getting his face or teeth clean, and so on. The hand can be
controlied by either student or system, and the sequence of events is quite Hexible., Forogn
language descriptions, comments, commands and questions are tightly interwoven with the

screen evenls.

Space does not permit proper treatmient of the second and third prelinunary guestions, those

of motivation and organization. Ou motivation, see our garlier work {2} and the broader

discussion by [3]. The approach is best suited for the early stages and can be used with

other systems - as well as leachers and books - that complement it.

As for organization, viewing matters very coarsely, one may say that the systen has three
broad functions: to handle input, make internal updates and decisions, and generate vutput.
Breaking these down in turn, input involves handling what the student says and does. Tl
means robust natural language understanding with error analysis as well as interpretation of
graphics (mouse) actions, each interpreted in thewr mutual context.  As for oulput, it tou s

bimodal and itnvolves corresponding challenges.  Internally, the system is responsible tog
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naintaining models of the situation, the discourse, and the student, and for making tutorial
fecisions about what to suy and do. The preceding few sealences suggest ten modules, five
ach for the internal duties and for input/output. Each of the ten offers ample opporlunily
tor complex reasoning. To make such an ambitious undertaking manageable we are making
ome judicious compronuses and proceeding in stages. A pilot system has been built that
provides some useful immersion experiences. A more modular, flexible and elaborate

system 18 under construction.

2. The Structure of Whal to Say

Phe system and the studeat need Lo maintain a coherent dislog so that both parlies have a
physical and hinguistic context - which w intespret and formulate new sentences. A
concrete physical situation is important, since the dialog is in the new language, which the
udent doesn’t understand completely.  The partially animated graphical interaction on the
computer screen indivates the physical context in which both the system and the student
formulate and interpret utterances.  The linguistic context, on the other hand, gradually
develops as both parties succeed in communicating their inlent to each other. This
requirement of maintaining a shared context is present for conversation in general [4] but is
more important for Janguage tutors since they need a lunguage-independent source of
\nformation about what is being said, to support the leariag of new language aspects without

traaslation,

Section 2.1 introduces our spproach to the problem of conversationasl continuity and slates
somie principles tor achicving clarity in the conversation. The next section deals with
imicroworlds, discussing what aspects need 10 be represented, including goals and actions.
In section 2.3, we present dialog schemas and interaction types that have been developed to
maintain conversational continuity. The final subsection indicates how language diversily can

be uchicved by allernative views of an event and ils results.
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2.1 Approach und Principles

To achieve conversational continuity the FLUENT system necds 10 (1) stiucture h
student-tutor discourse, and (2) decide which aspect of the current situation o Ltk abour
We structure  the student-tutor  discourse by maintaining a  three-level  discowr
representation. At the top level is the dialog schema, a skeletal plan of the student-tuto
interaction. A dialog schema is composed a flexible sequence of interchanges between 1l
student and the tutor.  Each interchange, in tum, comprises of a small number of e
possibly as few as one, by cach party. Each turn is a linguistic and/or spatial output b
either the student or the tutor. The second issue, what particular aspect or view of h
situation 1o talk about, 1s the responsibility of the view selector, which must be sensitive bott
to student needs and to the discourse structure just sketched. In the process of constructing

the student-tutor dislog we adhere to the following principles that help mantun cluy.

For ¢ducationud continuity:
1. Present input to the student i order of increasing linguistic comploxaty.
2. Present only one new linguistic aspect in a sentence and only a few e a fosson.

3. Assume comprehension of an aspect before denanding its production.

For conversational continuity:
4. Keep students aware of the discourse structure.
5. Make comments that are relevant to the currenl siluation.

6. lo a new situation, make view sclection relatively repetitive.

To control the umbiguity of the visual channel:

7. Keep the aumber of objects low.

8. Talk ubout physical objects and their visible properties belore talking about abstract o4
invisible properties.

9. Also defer talk of abstract actiois and goals.
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' Representing the Domain: Goals and Actions

this section we describe how Lo represent goals and actions in the microworld. Examples
cribed in this section will be used in sections 2.3 and 2.4 to show how to talk about these
Jds and actions.  The state information of the objects in the microworld has been
sesented as a simple object system with inheritunce.  Sinee our use of this approach to

wy s famibur and straigltforward, we focus on goals and actions,

1microworkd, like the Washroom World mentioned above, we can talk about the goal that
bemy currently pursued, such as washing the fuce, the action that is being carried out,
h as picking up an object from the cabinet, or the state of u particular object, such as the
¢ t;umg dirty. In ovder to communicate effectively at these three levels, we maintain three
cls of domain representation. At the top level is a model of the goals thal can be pursued
Jie microworld. 1o the Washroom World example mentioned earlier, these goals include
shing one's face, combing hair, brushing tecth, etc. With each goal there is a goal
swture that tells the system how to achieve that goal, using primitive actions and/or other

hygoals,

caction pules form the secomd level of represeutation in the system. There are rules for
wns such as picking up and putting down objects, as well as manipulating the states of
ehes such as the faucets and the light switch. At the third level is & frame-based
desentation of the underlying microworld, which keeps track of the visible properties of
vhjects 1 the microworld, like the cup being on the shelf, as well as invisible properties,

»the surlace state of the hand being wet.

pectlic example of a goa structure is in Figure 1, which consists enticely of executable
log code. The goal in this example 15 o get a movable object - say a cup or a plate -
py. using a sponge. The object to be soaped must meet the conditions in the “pre” list,
wh mdicates the the object s to be held m the stationary hand and should be dirty. The
b andicates how soaping is actually carried oul, as a sequence of familiar actions. The

roworld his @ cabinet, a sink, a sponge, and a bucket of soupy water. The character has
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a stationary hand, which cun hold one item at & time, and a mobile hand, which can pick up

one item al a time.

Two points are worth mentioning about this goal structure.  First, it does not recognize an
arbitrary sequence of actions as achieving a goal. A system constructed ms this way will only
recognize its predefined goal structures. 1o order to recognize arbitrary scquenices as goals
we would need a deeper model of the domain, Second, itis possible to define the goal, say
soap(X), as that of getting the surface-condition slot of the object X as soupy using the
predefined action rules of the system.  We have chosen not to do this since planning a
sequence of actions in the microworld to achieve a particular goal can be a nontrivial tusk.

For details on microworld plananing sce [S].

The second level of representation correspoad 1o actions that can be observed graphacadly.
These actions include things such as pick-up, put-dowin, brush-tecth, soap-by-sponge, cie.
Figure 2, which also is executable Prolog code, shows a typical action in the system. Since
the churacter in the microworld has only one mobile hand, we have chosen to reprosent it
by the constant, "m_hand”. The rule transters an object 10 the mobile hand Liony the thing

that previously contained 1t

The preconditions show that for this rule to be used, the mobile hund must be emipty, the
object to be trunsferred must be movable, and 1t must be located at the "From™ object. 1o
case the preconditions are mict, the system can execute the rule. To do so, 1t assues the
corresponding "act® and "mouse” commands to the graphics component to carry out the
action graphically, and updates the knowledge base by carrying out all the items an the "post”

or postconditions section of the rule.

The system can also use this rule in reverse 10 detect a pick-up action that s carricd out by
the student graphically. In order 1o do this it miakes sure that the student’s graphics actions
matched the "mouse™ and "act™ component of this rule, and that alt the preconditions ate

met, 1 this is the case, the system can update the knowledge buse sccordingly by asserting

the postconditions.
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goal_1s soap_by sponge(Object)
pre is_movable(Object) and
is_dirty(Object) and
in(s_hand, Object)
sub action:pick_up(sponge,cabinet) and

action:soup_sponge(sponge,soap_wauter_bucket) and
action:soap_by_sponge(Object) and
action:put_down(sponge,cabinet) and
action:put_down{Object,sink)

post Query =.. |Object, surfuce, =, [soapyl] and
cali(Query).

Figure 1: Goal Structure for Soaping u Movabte Object.

1. The code given in this figure is executable Prolog code. Variable names begin with upper
case letters while constants are lower case.

2. "goal 18", "pre”, "sub” and "post” are user defined operators.

Choosing the level of detail is an important issue in the design of a microworld. The
primitive graphic actioas in our microworld are visit and mouse actions. 1t is possible to
describe all actions in the system as @ combination of these primitives. This, however,
would mean reasoning from first principles aboul the stale of the world, complicating the
tusks of both microworld reasoning and fanguage processing. We therefore model all actions
with rules like the one an Dgure 2, expressing a higher level action in terms of graphic
primitives and microworid states.  Such rules represent complex actions that are applicable
in rather special circumstances.  Beside the one shown, other complex, specific rules deal
with actions like wetting movable objects, soaping objects by hand when the surface of the
hand is soapy, and so on. For interpreting student actions, these rules are preferred over
the broadly applicable primitives.  Modeling actions at this level simplifies language
processing as well as reasoning, since languages typically have verbs at this level of

abstiaction.
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rule pick_object
do goul{pick_up(Objcct,From))
mouse mouse(mouseDown)
act visit{m_hand, Object)
pre value(m_hand, contains, =, empty) and

value(Object,1s_prop, =, Props) and
member(is_movable, Props) and
value(From,contains, =, Object)

post Fact =.. [From,contains, = ,Object] and
retract{Fact) and
assert(hand(contains, = ,0bjuect)).

Figure 2: Rule to Pick-up an Object.

I. The code given in this figure is executable Prolog code. Variable names bogm with upy
case letlers while constants are fower cuse.

2. Zrule®, “do®, “mouse”™, “act®, “pre” and “post” are user defined operators wi
appropriate precedence fevels,

2.3 Diulog Schenas and Interaction Modes

In the previous section we looked at the knowledge representation aeeded o cirry o
various goals and actions in an immersion style miccoworld.  This section covers the diat
schemas, interaction types, and views which are discourse tools needed to talk about goul
actions and states. We begin with dialog schemas, which guide communication with 1],

student, and more specificatly with the example in figure 3.

AL the heart of the dialog schema in figure 3 are two types of interactions.  In 1l
preseatation mode, the system simply describes a particular view of tie cotent achvity i
the student simply ackuowledges this preseatation, while in the commander mode tee tut.

issues @ comnund and the student carries it out graphically.  In onder o sanplily o
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resentation of this example, 1Uis assumed that the student will perform each graphic action
weessfully without errors in the commander mode.  In the aclual situation this might not
s the case. We can use discourse management strategies to make local plan repairs in case
1 apcorrect student responses and ensure that the student remains on track, for details see
i

.presentation{goal:Goal, agent: Agent,

view:{describe_goal_to_do])

. presentation{object: Object,slot:Slot, value: Value,
view:{describe_state_value])

conumander(goal:Goal,
view:[describe_action]).

. presentstion{object: Object, slot:Slot, value: Value,
view:|describe_state_value_now)).

presentation{object: Object, slot: Slot, value: Old Value,
view:[describe_state value_before}).

presentation{goal:Goal,
view:[describe_goal_action}).

Figure 3: A dialog schema that uses Presentation and Commander mode

uppose we instantiate this schema with the goal soap-by-sponge, with the object “glass”™ and
lot “surtuce”, und agent as the student. This can result in the bimodal dialog of figure 4.
Che sentences i the ligure are 1o be produced by a natural linguage generation generator
perating on the output representation produced by our system.  We are collaborating with

he Athena Language Learning Project [7] whose generator is capable of this kind of output,

A few specilic comments may help with understanding figure 4. Items (3-7) correspond to
e commander mode interaction while the other ulterances correspond to the presentation
node. We will look at the communder mode interactions (3-7) fiest,  In these pairs the
umﬁul command 15 followed by the student performing the appropriate graphic actions in
vsponse. The expression "visit{X,Y)" is generated when a rectangular frame for object X

avilaps one tor obpect Yoo I tem (7)) student actions must tngger both pick-up and

g oo e e L s

o

-

it

pazors

o e

267

put-down to take the glass from the stationary hand and put it in the sink. As a result of

1 . 3 h L¥]
each ttorial command and student fesponse, several updates oceur in the microworhd and
several tutorial comments become possible, by using different views, as explained 1n section
2.4,

Tutor Student
1. Yqu will soap the glass. <acknowledpe >
2. lt. 15 dirty now. <acknowledye >
3. Pick up the sponge. visit{m_hand,sponge),
mouse(mouseDown)

4. Soap it in water.

5. Take the sponge
to the glass.

6. Put it buck in
the cabinet.

7. Put the glass down
in the sink.

visil(spange,soap‘water)
visit(sponge, glass)

visit(spunge, cabinelt),
mouse{mouseDown)
vi:sil(m_hand,glass),mousu(|nnuscDuwn)
visit(glass, sink), mouse(mousecDown)

8. Now the glass is soapy. <acknowledye >
9. 1t was dirty, before. <acknowledype >
10. You souped it with a sponge. <acknowledge >

Figure 4: A sample dialog bused un the schen

If we add more interaction types more interesting discourse schemas can be created. Some
of these occur in the current pilot system but are not implentented with the Kind of Hexibatuy
and generality we ultimately seck.  Quizmaster is defined as g type of interuction that aliows
the tutor 16 ask students yuestions which they can resposd to graphically or Lnguistically

The Oracle interaction W})uld let the student ask questions, cither picking from a menu of

options, or by typiny in questions, and the system responds. I the Movecaster mode, which
is currently implemented with some generality, the system comnents on the graphic actions
done by the student. Celebrity would be the reverse of Movecaster, allowing the student 1o
talk about system moves; the system would check for appropriateness. In the Servant miode
the student issues the commands and the tutor carnies then out, agmn with the possibility ot
commenting on the goal, action and states that are relevant. Some of these interaction types
and some views are less demanding of student progress than others, and the system desipoers

cun choose to hand-c aft dialog schenus of muicasing diffiulty v these wdea,
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"4 Views

Chere as u great diversity in what the tutor can say st various times. For one thing, the
ladog schema given in Figure 3 can be used with other goal structures, for example,
tructures for washing or drying objects. In this section we will see that even at one
articular time there are muny conversationally relevant utterances that can be produced by
he language tutor. For example, aller the interaction in line (3) of Figure 4, any of the

olfowing sentences is reasonable:

¢, The sponge is in the hand.
" You picked up the spoage from the cabinet.
. The sponge is no loager in the cabinet.

. Yuu are holding the sponge.

:uch of these utierances corresponds 1o a different view of the resulting situation. Such
stterances can be gencrated by the tutor with more advanced students.  With beginning
tudents, a good tutorial strategy would be to stick to the basic command and very little
alfow up. In case the student docsn't carry out the anticipated action, it would seem useful
or the system to generate un utterance describing what the student actually did, Figure §
nves # selection from among dozens of possible views involving goals, aclions, time and
lie state of objects.  Comumenting on less obvious aspects of the siluation can provide
mportant language exposure o the student, However, some of these views might be
titficult to understand for the beginner since they corsespond to the physical situation only

0 an indirect way.

Y oview structure is easentadly o frame, tmplemented in the same Prolog style as the action
ules and goals. One slot containg the interaction type and view information. Another slot
peeibies what uformation about the current situation will need to be consulted, typically the
ind of action and i3 current (actual) arguments. A third sfot specifies how to put the

Sfunmation from the first two together to construct a senuntic structure to send to the

Atwal language generator. 1 should be noted that the dialog schema given in Figure 3 can
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be used with other goal structures, for example, structures for washing or drying objedts.
Moreover, looking at the list of views in Figure 5 one can see that if they are incorposated
into the dizlog schema given in Figure 3 many more conversationally relevant ulternees can

be produced by the lunguage tutor.

Goal-Orieated Views:
- starting subgoal
- subgoul Lransition within the same goal
- goal completion
- violation of poal-based expectations

Action-Oriented Views:
- action that was carried oul
- non-occurrence of anticipated action
- samie operalor with another argument, negated

Temporal View:
- this action follows ils predecessor

Stute-Oriented Views:
- new state of the object that has been acled upon
- previous state of the object acted upon
- composite observation ("Now, there are two ... ")
- preceding state no longer holds

Figure 5: Views possible in a goal-oriented microworld

3 Summary

Discourse style and situational viewpoint are key elements of an immersion-style language
tutor. In order to achicve conversational continuity, such a system needs to mmntam a
model of goals, actions and states in the microworld along with tools W sraage discouise.
The discourse munagement tools include various dialog schemas composed of interaction

types. These schemus guide the communication protocol between the student and the wita,

Another tool is the type of view that one takes of what occurs in the microworld. The

VEIOUS view types i our tixonomy provide a mcchanism for gencratug coastieats on tho

aspects of the nucroworld thatare relevant while using a partculan nieraction type. b s,
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we have devised s variety of interaction types and views and shown how to use them in the
construction of a bimodal, bidirectional communication system for immersive forcign

language learning.
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