TURN PLANNING FOR A DIALOGUE - BASED INTEL LI GENT TUTORING

SYSTEM

BY

FENG - JEN YANG

Submitted in partial fulfillment of the

requirements for the degree of

Doctor of Philosophy in Computer Science

in the Graduate College of the

Illinois Institute of Technology

Approved_______________________

Advisor

Chicago, Illinois

July 2001

© Copyright by

    Feng - Jen Yang

                                                                        2001

ACKNOWLEDGMENTS

                                                                                                    I would like to thank my mentor, Professor Martha W. Evens, so much for her

patience and guidance. I will nev er forget that she is always there whenever I need help. I

also thank all of the C

IRCSIM

- Tutor project members and our domai n experts at Rush

Medical College. They have been so helpful with research and so friendly in life. I really

appreciate all ofthe w onderful time t oworkwith them. Besides,I expressmydeepest love

to my parents, sisters and brothers. They have been doing whatever they could to support

and encourage me so that I could keep going for my objective. With all of the help, I have

done thi s research smoothly.

                                                                                                    The C

IRCSIM

- Tutor Project has been supported by the Cognitive Science Program,

Office of Naval Research under Grant No.  N00014 ˘ 94 ˘ 1 ˘ 0338, to the Illinois Institute of

Technology. The content does not reflect the position or policy of t he government and no

official endorsement should be inferred.

TABLE OF CONTENTS

 Page

ACKNOWLEDGMENTS ................................ ................................ ................................ .. iii

LIST OF FI GURES ................................ ................................ ................................ ............ vi

CHAPTER

                                                                                                    I.  INTRODUCTION ................................ ................................ ....................... 1

1.1  The Evolution of CIRCSIM - Tutor ................................ ................. 2

1.2  Modeling the Baroreceptor Reflex ................................ .................. 2

1.3  Using CIRCSIM - Tutor ................................ ................................ .... 4

1.4  Why is Turn Planning Necessary? ................................ .................. 6

1.5  The Incoherence of the Current Version ................................ ......... 7

1.6  Some Discourse Features Handled by the Turn Planner ................. 8

1.7  Research Goals ................................ ................................ .............. 13

1.8  The Organization of the Thesis ................................ ..................... 13

                                                                                                    II.  RELATED RESEARCH ................................ ................................ ........... 14

2.1  Pl anning Problems ................................ ................................ ........ 14

2.2  Discourse Analysis ................................ ................................ ........ 19

2.3  Evaluation ................................ ................................ ..................... 22

                                                                                                    III.  ANALYSIS OF TUT ORIAL DIALOGUE ................................ .............. 35

3.1  Transcript Annotation ................................ ................................ ... 35

3.2  Tutoring Schemata ................................ ................................ ........ 36

3.3  Turn Planner in the CIRCSM - Tutor Context ................................ 39

3.4  Atlas Planning Engine ................................ ................................ ... 41

                                                                                                    IV.  THE TURN PLANNER ................................ ................................ ............ 45

4.1  Textual Overlapping ................................ ................................ ...... 45

4.2  Turn Structure Generation ................................ ............................. 46

4.3  Lexical Selection ................................ ................................ ........... 49

                                                                                                    V.  LEXICAL ANALYSIS ................................ ................................ ............. 51

5.1  Presentation of Lexical Usage for Visualization ........................... 51

5.2  Result of Lexical Analysis ................................ ............................ 54

5.3  Lexical Rules and Discussions ................................ ...................... 55

CHAPTER  Page

5. 4  Other Lexical Problems ................................ ................................ . 68

5.5  Other Coherence Issues ................................ ................................ . 70

                                                                                                    VI.  EVALUATI ON ................................ ................................ ......................... 71

6.1  Evaluation Method ................................ ................................ ........ 71

6.2  Evaluating the Validity of Applying Discourse Markers .............. 72

6.3  Evaluating the Validity of I mproving Variable Descriptions ....... 73

6.4  Evaluating the Validit y of I mproving Acknowledgments ............ 74

6.5  Other Concerns ................................ ................................ .............. 76

                                                                                                    VII.  CONCLUSI ONS ................................ ................................ ....................... 77

7.1  Summary ................................ ................................ ....................... 77

7.2  Significance ................................ ................................ ................... 79

7.3  Future Study ................................ ................................ .................. 79

APPENDIX

                                                                                                    A.  VARIABLE DESCRIPT IONS AND SCHEMATA ................................ . 81

A.1  Variable Descriptions while Tutoring TPR ................................ ... 82

A.2  Variable Descripti ons while Tutoring IS ................................ ...... 83

A.3  Variable Descriptions while Tutoring SV ................................ ..... 83

A.4  Variable Descriptions while Tutoring CVP ................................ .. 84

                                                                                                    B.  DISCOURSE MARKERS  AND SCHEMATA ................................ ........ 86

B.1  Discourse Marker Usage while Tutoring TPR .............................. 87

B.2  Discourse Marker Usage while Tutoring IS ................................ .. 88

B.3  Discourse Marker Usage while Tutoring SV ................................ 88

B.4  Discourse Marker Usage while Tutoring CVP ............................. 89

                                                                                                    C.  ACKNOWLEDGMENTS A ND SCHEMATA ................................ ........ 91

C.1  Acknowledgments while Tutoring TPR ................................ ........ 92

C.2  Acknowledgments while Tutoring IS ................................ ........... 93

C.3  Acknowledgments while Tutoring SV ................................ .......... 9 3

C.4  Acknowledgments while Tutoring CVP ................................ ....... 94

BIBLIOGRAPHY ................................ ................................ ................................ ............. 96

HEARTSIM,in1986,JoelMichaelandAllenRovickdesignedCIRCSIMonDOStoteach
thephysiologicalscenarioofbloodpres sureregulationinmoredetail[RovickandMichael

1986].InordertoovercometherigidtutoringplanshardwiredintoCIRCSIM,Michaeland

Rovickat RushMedicalandMartha Evens at the Illinois Institute ofTechnologyproposed
a joint project to develop an adaptive tutoring system called C

IRCSIM

- Tutor. A prototype
version of C

IRCSIM

- Tutor was implemented in Prolog by Ki m [1989]. Version 2 was
implemented in LISP by [Lee 1990, Shim 1991, Woo 1991, Zhang 1991, Seu 1992, Evens
et al. 2001]. The implementatio n of Version 3 is still in progress. My contribution is to
provide some additional modules to improve the discourse and the surface text generation.

1.2 Modeling the Baroreceptor Reflex

                                                                                                    The behavior of the baroreceptor reflex can be described by a qualitat ive model
usingsevencore variables over threestages.Thesevencore variables astheyappear inthe
prediction table are Central Venous Pressure (CVP), Inotropic State (IS), Stroke Volume

(SV),HeartRate(HR),CardiacOutput(CO),TotalPeripheralResi stance(TPR)andMean

Arterial Pressure (MAP). The three stages in the order of occurrence are the Direct

Response (DR) Stage, which is the time i mmedi ately after the perturbation and before the
reflex is activated, the Reflex Response (RR) Stage, when the  changes caused by the
baroreceptor reflex begin to take effect, and the Steady State (SS) Stage, the time after
restabilization. The causal relationships between these variables can be modeled by a
concept map as shown in Figure 1. Besides showing the qua litative influence among
variables,Figure1alsotakesthebaroreceptorandthenervoussystemintoconsiderationso
that this concept map is applicable to all of the three stages.

Figure 1 . The Concept Map

                                                                                                    The concept map repres ents the underlying knowledge that our colleagues at Rush

Medical College want their students to internalize. Within the map each parameter is

represented as a text box. The direction of arrows represents the causal relationships

between parameters from th e cause side to the effect side. Furthermore, each arrow i s

accompaniedwitha plus signor minus signrepresentinga direct relationshipor aninverse

relationship respectively. So an arrow with a plus sign from parameter one to parameter

two means that i ncreasing parameter one results in increasing parameter two, while

decreasing parameter one results in decreasing parameter two. Similarly, an arrow with a

minus sign from parameter one to parameter two means that increasing parameter one

results in decrea sing parameter two, while decreasing parameter one results in increasing

parameter two. For example, increasing the Cardiac Output (CO) results in decreasing the

_

_

                                                                                             CVP

                                                                                                        SV  CO  MAP  Baroreceptor

                                                                                                              IS  HR  TPR  Nervous System

                                                                 +

                                                                 +  +  +

+

+  +  +

                                                                  _  _  _

Central Venous Pressure (CVP), but increasing the Cardiac Output (CO) results in
increasing th e Mean Arterial Pressure (MAP).

                                                                                                    It is possible for a parameter to have two determinants. In such cases, we need to
thinkaboutwhichdeterminantisstronger,sincewearethinkingaboutqualitativechanges.

The change in the stronger determi nant will domin ate the total qualitative change, even
though the other determinant may change in the opposite direction. For exampl e, the

Stroke Volume  (SV) ha s two determinants, the Central Venous Pressure (CVP) and the

Inotropic State (IS), but the Inotropic State (IS)  is stronger than the Central Venous

Pressure (CVP). So if we have the Central Venous Pressure (CVP) decreased but the

Inotropic State (IS) increased, the increase in the Inotopic State (IS) is stronger than the
decrease in the Central Venous Pressure (CVP ) and the Stroke Volume  (SV) will still
increase.

1.3 Using C

IRCSIM
- Tutor

                                                                                                    After a user logs in to C

IRCSIM
- Tutor, the system shows the tutoring screen, which
consists of the procedure description window, the dialog window, and the prediction table.

The proc edure description window di splays a predefined perturbation to the student. The
student is then asked to predict the qualitative changes of the seven core variables in the
first stage (DR). The prediction table is used to store the predictions ma de by the student.

Based on the student´s predictions, the system will conduct a natural language dialogue to
remediate the student´s misconceptions. This interactive conversation between the student
and the ma chine tutor is carried out in the dialog box. This inter face with a sample
prediction and dialogue is shown in Figure 2. Once this dialogue is over, the system asks

for predictions for the RR Stage and then again begins a remedial dialogue. This cycle is

repeated a third time for t he SS Stage.

Figure 2 . The User Interface

                                                                                                    Our tutorial dialogues are based on the keyboard - to - keyboard sessions carried out

by our domain experts and their first - year medical students. These dialogues largely

consist of segments devoted to single variables and the relationships with other variables.

The tutor introduces a variable for discussion, and the tutor and student discuss it until the

student produces a correct prediction. The purpose of this research is to discover a method

of planning the tutorial turns of C
IRCSIM

- Tutor, so that we can generate a turn - taking

dialogue that is similar to a human t utoring session.

1.4 Why is Turn Planning Necessary?

                                                                                                    If the student is to benefit from a natural language interface, the tutoring system
must be provided wit h the properties that make human natural language so effective

[Moser and Moore 1995]. To this end, C

IRCSIM
- Tutor tries to i mitate the human tutor´s
language as much as possible.

                                                                                                    Like most natural language generation systems, the current version of

C

                      IRCSIM
                                                                                                                      - Tutor has a discourse planner to produce a discourse plan that specifies both the
content and overall structure of a dialogue session. In terms of determining the deep
structure, knowing the content and structure of a dialogue is enough and the discourse
planner has been doing a good job. However, to make a dialogue fluent and coherent,
knowing only the deep structure is far from enough. There is still a considerable range of
refinements to be made, before feeding a discourse plan to a surface text generat or. The
discourse planner leaves open a certain number of decisions about the surface form of the
text to be generated.

                                                                                                    By showing examples of incoherent turns, Freedman [1996a] introduced the
necessity of turn planning to the C

IRCSIM
- Tutor project. The cu rrent version of

C

                      IRCSIM
                                                                                                                      - Tutor does not have this level of planning. After receiving a discourse plan fr om
the discourse planner, it plans the tutor´s utterances as individual sentences. Each sentence
realizes some tutorial or dialogue goal, such as provid ing an acknowledgment of the
student´s answer, giving a hint, or asking the next question.

                                                                                                    We have consulted transcripts of human tutors for guidance in the planning
process. The human tutoring transcripts are the source of the rules that determine the
mac hine´sdecisionsonissues,suchaswhattoteachnextandhowtoteachit,howtoadjust

the tutoring to various student responses, what topics should be elicited from the student

andwhat topics shouldbe ignored,andthe language ofindividual sentences .However,the

dialogue is generated a sentence at a time. Without considering issues beyond the sentence

level, it still generates comprehensible dialogue but it often sounds unnatural.

                                                                                                    After looking into this issue, we decided to add a turn planner to C
I RCSIM

- Tutor to

improve the rhetorical structure of our machine dialogue, so that it will sound more fluent

and more coherent with the evolving discourse focus.

1.5 The Incoherence of the Current Version

                                                                                                    An evaluation of C
IRCSIM

- Tutor by 50 students at Rush  Medical College

demonstrated that in the absence of a turn planner its dialogue is already comprehensible,

but it is stiff and repetitive. The students may become bored and lose their interest in

learning the subject. The problem is that the machine dialo gue does not have the fluency

and coherence provided by human tutors.

                                                                                                    Figure 3 is an example dialogue taken from the current version of C
IRCSIM

- Tutor,

whichrevealsthelackoffluencyandcoherenceinourmachinedialogues.Forexamplethe

two utterances in the turn T3 are generated by two discourse plans. The first utterance is

based on the evaluation of the student´s input in the turn S2. In the second utterance of T3

the variable Inotropic State should be pronominalized, but the antecedent is generated by

another plan.

                                                                                                    tutor does not use discourse markers, while human tutors tend to use discourse

                                                                                                    markers like so , now , but , therefore , etc., to move from one discourse focus to

                                                                                                    another. So, turns T3 and T5 can be further imp roved to read:

                                                                                                    T3:  Correct, IS  is controlled by the nervous system.

                                                                                                     So , what is the value of IS  in DR?

                                                                                                    T5:  Nope, the value of IS  is not decreased in DR.

                                                                                                     Remember, IS  is neurally controlled.

                                                                                                     Now , what is the value of IS  in DR?

·

                                                                                                    Acknowledgments

                                                                                                    In turns T3  and T5, the acknowledgments are both explicit and content - based. The

                                                                                                    sentences sound redundant. In human dialogues, acknowledgments following

                                                                                                    student answers are often reduced to a single word, appended to the next sentence,

                                                                                                    or omitted entirely [Brandle 1 998, Spitkovsky and Evens 1993]. Whether an

                                                                                                    acknowledgment can be reduced and attached to the next sentence depends on the

                                                                                                    syntax of the next sentence, the relation of the next sentence to the answer being

                                                                                                    acknowledged, and whether the answer is correct or  not. Usually correct answers

                                                                                                    are not repeated. Since at this point the discourse planner generates an

                                                                                                    acknowledgment separately from the succeeding utterance, it does not know

                                                                                                    whether such reduction is possible. So turns T3 and T5 can be even further

                                                                                                    impr oved to read:

                                                                                                    T3:  Right .

                                                                                                     So , what is the value of IS  in DR?

                                                                                                    S4:  decreased

                                                                                                    T5:  No , the value of IS  is not decreased in DR.

                                                                                                     Remember, IS  is neurally controlled.

                                                                                                     Now , what is the value of IS  in DR?

                                                                                                    A special phenomenon of acknowledging the student´s answer  is that human tutors

                                                                                                    tend to acknowledge the student´s finally correct answer mor e strongly than usual,

                                                                                                    especially when the student has made some mistakes and finally got the correct

                                                                                                    answer. So, turn T7 can improved to read:

                                                                                                    T7:  Very good .

·
                                                                                                    Pronouns

                                                                                                    In tur n T5, the intended variable name has been mentioned in the previous turn. In

                                                                                                    this case, human tutors tend to use the pronoun it  to refer to the variable previously

                                                                                                    mentioned. So, the turn T5 can be improved to read:

                                                                                                    T5:  No , IS  is not decreased in DR.

                                                                                                     Reme mber, it  is neurally controlled.

                                                                                                     Now , what is the value of IS  in DR?

                                                                                                    Generally speaking, these choices are instances of lexical selection. Since we are

using schemata as planning operators, an efficient way of learning the rules for lexical

selection is by searching for examples of lexical usage in transcripts marked up with

tutoring schemata. We search for instances of the same schema expressed in different

ways. After further in - depth analysis of these instances, we can establish rules for lexical

selec tion.

                                                                                                    Addressingonlythefivediscoursefeaturesdiscussedabove,thedialogueinFigure

3 can be transfor med into Figure 4.

Figure 4 . An Exa mple Dialogue after Turn Planning

                                                                                                    The obvious difference between Figure 3 and Figure 4 makes us believe that by
adding a component that pre - processes the sentences within a single dialogue turn we can
improve the rhetorical structure of our tutorial turns. This justification is also consistent
with the necessity of separate paragraph plannin g [Hovy 1990, Mann and Moore 1981].

T1:  Can you tell me  by what mechanis m Inotropic State is
controlled?

S2:  nervous system

T3:  Right .

 So , what is the value of IS  in DR?

S4:  decreased

T5:  No , IS  is not decreased in DR.

 Re me mber, it  is neurally controlled.

 Now , what is the value of IS  in DR?

S6:  not  changed

T7:  Very good .

 Please change the value of  IS  in the prediction table.

1.7 Research Goals

                                                                                                    The purpose of this research is to build a turn planner as a new level of discourse

planning in the current version of C
IRCSIM

- Tutor, so that, in the new version we can

generate the structure of a tut orial turn as an integral whole, not just a sentence at a time.

With the whole turn in the buffer, it is easier to consider issues beyond the sentence level.

This will make the surface sentence generation easier, more natural and more fluent.

1.8 The Organ i zation of This Thesis

                                                                                                    Chapter1containsajustificationfordoingturnplanning.Chapter2discussessome

previous related research ranging from planning problems and discourse analyses to

evaluation methods. Chapter 3 discusses the tutorial dialogue ana lysis in our domai n and

explains how the turn planner fits into the C
IRCSIM

- Tutor context. Chapter 4 shows the

architecture of the turn planner and illustrates the turn generation process and the lexical

selection process. Chapter 5 describes my method of lexical analysis and the derivation of

lexical rules used by the turn planner. Chapter 6 proposes a method of evaluating the turn

planner. Chapter 7 states my conclusion and describes some di rections for future research.

CHAPTER II

RELATED RESEARCH

                                                                                                    Planni ng discourse at the abstract level of a turn is not well - studied in natural
language dialogue systems, since dialogue systems are very new. Most work on text
generation has involved the planning of expository text, not dialogue. So far, we have not
found a ny existing system that has specifically planned discourse at the turn level. Of
course, there will be a trade - off between better text generation and doing an additional
level of discourse planning. The justification for adding this level of planning is to  have
more fluent and coherent tutorial dialogue.

                                                                                                    Since the idea is new, it is hard to find directly related previous research.

Nevertheless,some methodologies fromother discourse levels are applicable.Here,Ihave
organized the related research in thre e parts, planning problems, approaches to discourse
analysis, and evaluation methods.

2.1 Planning Problems

                                                                                                    C

IRCSIM
- Tutor plans discourse to achieve a tutorial goal, and then plans additional
dialogueinteractivelyaccordingtothestudent´sresponse[Woo 1991,Freedman1996b].It
also formulates the discourse plan in advance and then executes it incrementally. Thus,
during turn planning, a pre - formulated discourse plan is often being executed partially
before it completes. It can be assumed that this pre - f ormulated plan will take care of the
scenario smoothly. The hard part is that the student´s response is unpredictable; there is no
guarantee that it will goalongwithwhat we have planned.Tobe adaptive,theturnplanner
has to be prepared to repair the partial plan at the same time according to the student´s

feedback. These two features make the turn planning job closely related to both

opportunistic planning and incremental planning.

                                                                                                    2.1.1 Opportunistic Planning .  An opportunity is a possibility subject  to aspecific

combination of circumstances [Mellish et al. 1998]. This combination of circumstances

makes the next step unexpected and unpredictable. An efficient way to plan under such

uncertainty is to choose simple plans and adapt them whenever unpredi cted circumstances

are encountered.

                                                                                                    Our approach to turn planning assumes an environment in which the dialogue

planning is opportunistic because the student´s response is unexpected and there is no way

that we can predict it. So the next tutorial turn has to be planned on the basis of the

combination of circumstances including the student´s previous progress and current

response.

                                                                                                    Two systems in this field with planning ideas applicable to the turn planner are

described in the following sections.

2.1.1.1 IL EX .  ILEX. (Intelligent Labeling Explorer) is an opportunistic

text generationsystemusedtogenerate a dialogue betweena museumcur ator anda visitor

[Mellishetal.1998].Itsearchesforitemsinamuseumgalleryautomaticallyandgenerates

a sequence of descriptions to reflect the interests of the visitor. To be efficient and prevent

redundancy,atanydiscoursepoint,thetextplanconsistsoffactsthatthesystemknowsbut

that have not been conveyed to the user.

                                                                                                    In order to plan a commentary turn d escribing a proper sequence of facts, the

domain knowledge is organized into a three - tiered structure called content potential

                                                                                                    Theactionsofincrementalplanningareexecutedassoonastheyareplanned.Once
the actio ns are executed, there is no way to backtrack or search. Replanning happens
whenever the user fails to follow the plan. Since no backtracking is allowed, the later
planning decisions can not influence earlier ones. In this manner, the system is actually
tr ying possible solutions to fulfill a given goal. So, an optimal solution cannot be
guaranteed even though there may be one [Cawsey 1992]. Cawsey´s system in this field
has planning ideas applicable to our turn planner. It is described in the following sect ion.

2.1.2.1 EDGE .  EDGE (the Explanatory Discourse GEnerator) is an
explanationgenerationsystemusedtogenerateexplanatorydialogueforelectroniccircuits

[Cawsey 1992]. Since these explanations are interactive, assumptions about the user´s
backgroun d and the current focus may change during the process of the explanation. So,
too much detailed planning may be unnecessary and redundant. An important planning
idea of the EDGE system is not to commit to the details of the explanation before it has to.

                                                                                                    Th ediscourseplanningintheEDGEsystemproceedsincrementally.Theprimitive
action is executed as soon as it is planned. In order to avoid redundancy, the planning
expandsagoalintosubgoalsinadepth - firsthierarchicalmanner.Whenthesystemisgive n
a topic to explain, it places this topic on the agenda. As the planning proceeds, it selects a
goal from the agenda and executes it, if it corresponds to a primitive action. Otherwise, it
selects a planning rule to satisfy this goal and expands some subg oals on the agenda
according to this rule. After all subgoals are satisfied in a given order, the original goal is
satisfied as well.

                                                                                                    ThesimilarityofEDGEtoturnplanningisthatthediscourseplaniscarriedoutina
depth - first hierarchical manner. On ce the turn planner has accumulated enough dialogue

primitives, it generates a tutorial turn right away. In this manner, our  turn planner is

fulfilling a tutorial goal by incrementally satisfying its subgoals.

                                                                                                    2.1.3 Combining Opportunistic and Incremental  Planning .  Two of t he most

important planning methodologies applicable to the C

IRCSIM

- Tutor domain are

opportunistic planning and incremental planning. The turn planner adopts opportunistic

strategies to plan the next tutorial turn according to the student ´s response and uses

incremental strategies both toaccumulate the dialogue primitives withina tutorial turnand

to carry out the pedagogical goals incrementally [Yang et al. 2000b].

2.2 Discourse Analysis

                                                                                                    Planning discourse for expository text has one th ing in common with dialogue

planning: the discourse must be divided into segments. For dialogue systems a discourse

segment is a chunk of utterances that the speaker uses to showsome intention or to convey

someinfor mation.Tobeconsideredasadiscourse segment,aspanofutterancesmusthave

arecognizablepurpose.Themeaningofadialoguesegmentisanaggregationofindividual

utterances that may be understood according either to infor mational or intentional

relationships among utterances.

                                                                                                    Different researchers have identified many different factors in discourse analysis,

such as attention, intention, initiative, rhetorical structure, story trees, and turn - taking

behavior[NakataniandTraum1998].Manymethodshavebeenproposedforanalyzingthe

loc al discourse context. The most popular method is annotating a corpus of the type of

discourse that you wish to generate. A set of general instructions for annotating discourse

segmentsandidentifyingthepurposesofdiscoursesegmentswasproposedby[Nak ataniet
al. 1995]. By investigating the relationship between reference and segmentation,

Passonneau [1994] designed a protocol for coding discourse referential noun phrases and
their antecedents. Other researchers such as Allen and Core [1997], Nakatani a nd Traum

[1998] and Brennan and Clark  [ 1996 ] have also suggested methods for exploring lexical
issues.

                                                                                                    Two discourse segmentation ideas in different domains are described in the
following sections.

                                                                                                    2.2.1 SHERLOCK .  The SHERLOCK system is a computer aided f ault diagnosis
system to determine the location of a power distribution fault in a ring network by
analyzing some specified symptoms of faults [Wong et al. 1988].

                                                                                                    In the SHERLOCK domain, the explanation consists of a student - tutor turn - taking
dialogue. The  transcripts of tutorial explanations are annotated with the following
discourse elements [Moore et al. 1996] based on the Rhetorical Structure Theory of Mann
and Thompson [1988]:

·

                                                                                                    Segment

                                                                                                    Typically each tutor´s explanation is a segment, which answers the s tudent´s

                                                                                                    immediately previous question.

·

                                                                                                    Core

                                                                                                    Al most always, a segment will have at least one constituent that most directly

                                                                                                    expresses the purpose of the segme nt. This constituent is called the core of the

                                                                                                    segment.

·
                                                                                                    Contributor

                                                                                                    In addition to the core, a seg ment may also have some contributors, which help to

                                                                                                    achieve the purpose expressed by the core of the segment.

·
                                                                                                    Intentional relation

                                                                                                    An intentional relation between core and contributor describes what the speaker is

                                                                                                    trying to accomplish by including the cont ributor in addition to the core.

·
                                                                                                    Informational relation

                                                                                                    Aninformat ionalrelationdescribeshowthe content ofthecore anditscontributors

                                                                                                    are related in the domain.

·
                                                                                                    Minimal unit

                                                                                                    Segments that have no contributors are mini mal units, because they do not h ave

                                                                                                    further intentional structure.

                                                                                                    2.2.2 TRAINS .  The TRAINS system was built to discuss the efficient routes for

trains in the Northeastern United States [Allen et al. 1995]. In the TRAINS domain, the

discourse structure is annotated with the following di scourse elements [Nakatani and

Traum 1998]:

·
                                                                                                    Token

                                                                                                    The dialogues are split into utterance - tokens based on prosody and grammar.

                                                                                                    Intuitively, a token corresponds to a single intonational phrase or a single

                                                                                                    grammatical clause.

·
                                                                                                    Common ground unit (CGU)

                                                                                                    A CGU cl usters distinct tokens to achieve a mut ual understanding. It concentrates

                                                                                                    on establishing what is being said at the level of infor mation exchange.

·

                                                                                                    I - unit (IU)

                                                                                                    Herethe^I~standsforeither informational or intentional .Therelationshipsamong

                                                                                                    CGUs, can be  used to group CGUs into a hierarchical topic - structure or

                                                                                                    planning - based structure called IU trees.

                                                                                                    The marking of CGUs i s a good way of getting the level of commonality between
participants in dialogue. Also the marking of IUs provides a good way of iden tifying the
hierarchical purpose/topic structure. Overall, this annotation is good at marking the
mixed - initiative interaction between the user and the dialogue system. This is especially
worthyofat tentionwhenthe taskis planningdiscourse for dialogue systems allowinguser
initiatives.

2.3 Evaluation

                                                                                                    The behavior of a natural language dialogue system is a series of complex
interactions. This makes it hard to evaluate its performance. Even the comparison of
a l ternative systems in similar domai ns is virt ually i m possible [Fraser 1997]. Nonetheless,
the evaluationofnaturallanguage systems still plays a criticalrole inguidingandfocusing
research in computational linguistics. It challenges researchers in both building a d vanced
systems and solving hard problems.

                                                                                                    In the past decade, some conferences and workshops, such as Message

Understanding Conferences (MUCs), Spoken Language Technology Workshops, and

Machine Translation Workshops, have been focused on the evaluation of natural language

systems. In the se workshops, three typical types of evaluation are broadly used to evaluate

systems for three different purposes [Hirsc h man and Thompson 1997]. They are:

·
                                                                                                    Adequacy Evaluation

                                                                                                    Thefitnessofasystemforaspecialpurposeisoneofthecriticalfactorsinb ringing

                                                                                                    natural language systems to market. For potential users, they have to know if the

                                                                                                    products on offer in a given applic a tion domain are suitable for their particular

                                                                                                    tasks or not. If so, they have to consider further tradeoffs between fi t ness and cos t

                                                                                                    and then choose the most suitable one.

·
                                                                                                    Diagnostic Evaluation

                                                                                                    For systems where the coverage is important, the developers or end - users usually

                                                                                                    construct a large test suite to cover all of the elementary linguistic phenomena and

                                                                                                    their important combination s in the input domain. By testing systems with a large

                                                                                                    test suite, they can generate diagnostic profiles. The typical systems using this

                                                                                                    evaluation are machine translation and natural language understanding systems.

·
                                                                                                    Performance Evaluation

                                                                                                    Most of the ideas  about quantitative performance evaluations are imported from

                                                                                                    information retrieval. There are three aspects to performance evaluation. The first

                                                                                                    is Criterion , which addresses what to evaluate such as precision , speed  and error

                                                                                                    rate . The second is Measure ,  which specifies the property to report in order to get

                                                                                                    the chosencriterionsuchas ratioofhitstohitsplus misses , seconds toprocess ,and

                                                                                                    incorrect percentage . The third is Method , which is used to d e termine the

                                                                                                    appropriate value for a given measure such as the analysis of system behavior over

                                                                                                    benchmarktasks .Innaturallanguagesystems,theapproachesprovideausefulway

                                                                                                    This parameter characterizes the way user´s dialogue is input to the system. The

                                                                                                    possible values are Speech , Text , Pulse  and Other .

·

                                                                                                    Input vocabu lary

                                                                                                    The system´s overall vocabulary size should be indicated.

·

                                                                                                    Input perplexity

                                                                                                    The perplexity is a doubt while recognizing the input. This parameter lists the

                                                                                                    average perplexity of the recognition vocabulary.

·

                                                                                                    Output type

                                                                                                    This parameter characterizes the s ystem´s output to the user. The possible values

                                                                                                    are Speech , Text  and Other .

·

                                                                                                    Dialogue type

                                                                                                    This parameter indicates the level of dialogue complexity supported by the system.

                                                                                                    The possible values are Menu , System - Led  and Mixed - Initiative .

                                                                                                    The second set belon gs to test conditions that are used to characterize the basic
features of the evaluation exercise, such as:

·

                                                                                                    Type of users

                                                                                                    This parameter characterizes the kind of users. The possible values are Project ,

                                                                                                    those who involved in designing or building the syste m,  Expert , those who are

                                                                                                    familiar with the domain and Naïve , those who are totally unfamiliar with the

                                                                                                    domain.

·

                                                                                                    Number of users

                                                                                                    In general the significance of the results increases with sample size, but counting

                                                                                                    onlythenumberofdialoguesisnotanadequa tesamplingtechnique.Itisimportant

                                                                                                    tounderstandwhetherthe corpusisprovidedbymanypeople or bya small number

                                                                                                    of people. This parameter indicates the number of users.

·
                                                                                                    Number of dialogues

                                                                                                    This parameter records the number of dialogues in the teste d corpus. A dialogue is

                                                                                                    defined as a continuous session of interaction with the system.

·
                                                                                                    Number of t asks

                                                                                                    This parameter records the number of tasks in the evaluation exercise.

                                                                                                    Thethirdsetbelongstotestresultsthatareusedtocharacterizethebasicfea turesof

the system´s performance collected during the evaluation exercise, such as:

·
                                                                                                    Average turns per dialogue

                                                                                                    This parameter records the total number of system and user turns in the tested

                                                                                                    corpus divided by the number of dialogues in the corpus.

·
                                                                                                    Average dialogue duration

                                                                                                    This parameter is used to describe the average dialogue duration, starting from the

                                                                                                    beginning of the first utterance to the end of the last utterance.

·
                                                                                                    Average turn delay

                                                                                                    This parameter is used to describe the average time taken by the sys tem to respond

                                                                                                    to a user input.

·
                                                                                                    Dialogue success rate

                                                                                                    This parameter is used to describe the percentage of all dialogues in the corpus

                                                                                                    where the system either succeeds in correctly satisfying all the user´s requests or it

                                                                                                    correctly identifies the fact that  the requested tasks cannot be performed.

·
                                                                                                    Task success rate

                                                                                                    This parameter is used to describe the percentage of all tasks in the corpus where

                                                                                                    the system either succeeds in correctly satisfying the user´s tasks or it correctly

                                                                                                    identifies the fact that the tasks cannot be satisfied.

·

                                                                                                    Crash rate

                                                                                                    This parameter records the percentage of all dialogues in the corpus where the

                                                                                                    system fails to complete a dialogue in a coherent manner.

                                                                                                    An especially important feature of EAGLE´s evaluation worthy of notice here is
th atittakestheuser´sviewsandneedsintoaccount.Thiskindofattentionhasseldombeen
paid by other systems to the user´s satisfaction.

                                                                                                    2.3.3 EBM T .  Exa mples have been used by intelligent tutoring sy s tems in a variety
of domains from mathematics to p rogramming languages. The usefulness of using
examples in complex subjects is dependent on how well we understand the working of the
examples in an integrated description of text and examples. As part of the research on the

EBMT (Generalized Example Based Machine Translation) project, the language
technology research group at Carnegie Mellon University looked into the issues of
presentingexamplesinausefulandeffectiveformusingintegrateddescriptionsoftextand
examples. They identified several crit ical heuristics in terms of understanding descriptions
containing examples. They are d e scriptions with and without examples , positioning the
example , presentation of different example types , complexityand number of examples ,and
presentation orders of e x a mples . A further verification was shown in an empirical
evaluation to see how each heuristic can help in gaining a better understanding of tutorial
text [Mittal 1999].

                                                                                                    The experiment was conducted by presenting different tutorial descriptions to

different groupsofparticipants.Eachdescriptiontakesaheuristicintoaccount,whileother

descriptions disregard that heuristic on purpose. After reading these descriptions in a

limited time, the participants were asked to answer a set of questions designed to measure

how much a heuristic can help improve the understanding of that tutorial description.

                                                                                                    The evaluation showed the following results:

·
                                                                                                    D e scriptions with and without Examples

                                                                                                    The usefulness of examples in tutoring context is almost indubitable. The grou p

                                                                                                    given a description without examples made between four and eleven mistakes out

                                                                                                    oftwentyonequestionswithanaverageofsixmi stakes.Theothergroup,thegroup

                                                                                                    given descriptions containing examples, made between zero and four mistakes out

                                                                                                    of twenty q uestions with an average of two mi stakes. The result shows that the

                                                                                                    inclusion of examples does help in understanding a concept.

·
                                                                                                    Positioning the Example

                                                                                                    It is important for examples to be placed in appropriate places whether before  the

                                                                                                    text, within  the text  or after  the text. In the group given interleaved  examples, only

                                                                                                    one person made a mistake out of ten questions. In the group with examples after

                                                                                                    the description five participants made an average of three mistakes. In the group

                                                                                                    with the examples before  th e description, six participants made an average of three

                                                                                                    mistakes. The participants showed that the best placement for examples is

                                                                                                    immediately following the point they are supposed to illustrate.

·
                                                                                                    Presentation of different example types

                                                                                                    Theresearchgroupc ategorizedthevariationofexamplesinthreedimensions,their

                                                                                                    polarity  with respect to the definition they accompany, the text type  for which they

                                                                                                    are generated, and the knowledge type  of which they happen to be instances. The

                                                                                                    polarity of an example can be positive , negative  or anomalous . Anomalous

                                                                                                    examples are defined as including instances that are exampl es not covered by the

                                                                                                    definition. In this experiment, they only consider the difference of presenting

                                                                                                    anomalous examples together with and apart from t he normal examples. In the

                                                                                                    group given a description with unmarked anomalous examples, all participants got

                                                                                                    all questions wrong. In the group given a description with marked anomalous

                                                                                                    examples, only two out the six people got questions wrong. Therefore, it  is

                                                                                                    importanttoseparateanomalousexamplesfromothersandpresentthemexplicitly.

·

                                                                                                    Complexity and number of examples

                                                                                                    The complexity and number are two factors working together to help understand a

                                                                                                    concept. Two descriptions with the same number but diff erent complexity of

                                                                                                    examples or the same complexity but different number of examples may lead to

                                                                                                    different extents of understanding. To see the difference, two experiments were

                                                                                                    conducted. The first experiment tested both the complexity and number of

                                                                                                    exampl es. Its results show that in the group given a description with three simple

                                                                                                    examples, all participants got all ten questions right. In the group given a

                                                                                                    description with three complex examples, the participants made an average of two

                                                                                                    mistakes out of ten q uestions. In the group given a description with only the last

                                                                                                    example, the participants made an average of 3.25 mistakes out of ten questions.

                                                                                                    The secondexperiment was designedto measurethe number ofexamples required.

                                                                                                    The results showed that giving the  participants more than enough examples did not

                                                                                                    raise the success rate significantly.

·
                                                                                                    Presentation orders of e x amples

                                                                                                    It is important that related examples appear in an appropriate sequence. The

                                                                                                    generation of examples has to take into account associated in formation such as

                                                                                                    prompts, background information, and contrasting information. A different

                                                                                                    sequence of examples wi ll result in a different sequence of associated information.

                                                                                                    Theresultsshowthatthegroupgivenadescriptionwithorderedexamplesmadea n

                                                                                                    average of two mistakes out of ten questions. The group given descriptions with

                                                                                                    unordered examples made an average of six mi stakes out of ten questions. This

                                                                                                    shows that the ordering of examples is an important factor ensuring the coherence

                                                                                                    and usefulness  of the overall description.

                                                                                                    This evaluation leads to a very good reflection of how closely machine - generated

descriptions can be matched to texts made by humans. Especially, the idea of testing the

efficiency of each heuristic in increasing the user´s com prehension of a concept is

applicable to the evaluation of the turn planner, since the turn planner considers several

issues in improving the fluency andcoherenceof our machine dialogue. It would be useful

to conduct an evaluation to see how much the mac hine dialogue has improved with turn

planning.

                                                                                                    2.3.4 TRAINS - 96 .  The TRAINS - 96 system was constructedfromthe TRAINS - 95

system by adding distances and times to the train route, allowing users to modify routes,

adding robust rules in the parser to prevent incorrect understanding, and adding a

helpuserstolearnaspecifictopic.Thisevaluationiseasytoapplyandgoodforevaluating
theefficiencyofasystemasawhol ewithoutlookingintothebehaviorofeachcomponent.

Human factors can influence the result to a certain extent. C

IRCSIM

- Tutor has been
evaluated in this way in some of our experiments with students at Rush Medical College.

CHAPTER III

ANALYSIS OF TUTO R IAL DIALOGUE

                                                                                                    One of the most important research resources in the C

IRCSIM

- Tutor project is a set

of tutoring transcripts numbered from K1 to K76. These sessions were carried out in a

keyboard - to - keyboard manner between our domain experts and their students.  Most of the

previous research in this project is based on the study and analysis of these transcripts.

                                                                                                    Our dialogue analysis is derived from a fundamental assumption made by

McKeown saying that a hierarchical organization of discourse around fixed schemat a can

guarantee good coherence and proper content selection [McKeown 1985]. Based on this

assumption, Freedman [1996b] analyzed these transcripts and came up with a structured

description of the different pedagogical goals that provides a basis for tutoria l and

discourse planning in the computer tutor. As an extension of Freedman´s theory, Ki m

[1998]annotatedtheportionofthetranscriptsinvolvingtheDRstageandproducedasetof

hierarchical tutoring schemata that are being used as plan operators in t he new version of

C

                      IRCSIM

                                                                                                                      - Tutor.

3.1 Transcript Annotation

                                                                                                    We have been using the Standard Generalized Markup Language (SGML) to

annotate the hierarchical structure of our tutoring sessions. The main reason to use SGML

isthatithasbeenstandardizedbase donaninternationalagreement.Sothereisnoproblem

with porting the annotation between different parsers. Also the users have all of the

necessary flexibility to define their own annot ation tags for either content analysis or

for mat arrangement. This flexibilityprovides us with a goodway of marking the structural

and content information at the same time, which is especially useful in terms of extracting
discourse infor mation and analyzing surface linguistic phenomena.

                                                                                                    The initial work of transcript a nnotation was performed by Kim while analyzing
the DR stage in the first fifty one transcripts [Kim 1998, Ki m et al. 1998a]. Continuing
work on annotating the RR and SS stages is in progress by our project me mbers. An
example of transcript annotation is sh own in Figure 5 where the hierarchical structure is
represented by indenting annotation tags at different levels.

                                                                                                    In terms of dialogue analysis, this annotation not only provides us with a deep
insight into our tutoring sessions, but also leads to a set of  tutorial schema ta reflecting the
hierarchical tutorial goals described in next section.

3.2 Tutoring Schemata

                                                                                                    In C

IRCSIM

- Tutor the discourse planning and text generation are based on a set of
hierarchical tutoring schemata as shown in Figure 6 [Ki m 1998].  The a bstract high level
schema na med T - tutors - procedure is used for teaching each predefined perturbation. Each
perturbation is then divided into three stages; the schemata for these stages are designated

T - tutors - stage. In each stage, the tutor carries o n a remedial dialogue about any wrong
prediction the student has made. The schemata at this level are na med T - corrects - variable.

Thetutoringofeachvariablecanbefurtherexpandedtoseveralmethods,whicharename d

T - does - neural - DLR, T - tutors - via - deter minants, etc. Again, each  method  consists  of  one
or more topics, which are designated T - tutors - mechanism,

Figure 5 . An Example of Transcript Annotation

<T - tutors - procedure  proc=proc - pacemaker>

 <T - tutors - stage  stage=DR>

  <T - introduces - sta ge>

   <T - informs>

    T: Let´s take a look at some of your predictions.

   </T - informs>

  </T - introduces - stage>

  <T - corrects - variable  var=TPR>

   <T - introduces - variable>

    <T - informs>

     T: Take the last one first.

    </T - informs>

   </T - introduces - variable>

   <T - Tutors - variable>

    <T - does - neural - DLR>

     <T - tutors - mechanism>

      <T - elicits  softener=^can you tell me~>

       T: Can you tell me how TPR is controlled?

       <S - ans catg=correct>

        S: Autonomic nervous system.

       </S - a ns>

       <T - ack  type=positive>

        T: Yes.

       </T - ack>

      </T - elicits>

     </T - tutors - mechanism>

     <T - tutors - DR - info>

      <T - informs  DM=^and~ type=explain - DR>

       T: And the predictions that you are making are for the period

        before  any neural changes take place.

      </T - informs>

     </T - tutors - DR - info>

     <T - tutors - value>

      <T - elicits  DM=^so~>

       T: So what about TPR? ...

       <S - ans  catg=correct >

        S: I would like to change my response re TPR to zero c hange.

       </S - ans>

       <T - ack  type=positive>

        T: Good.

       </T - ack>

      </T - elicits>

     </T - tutors - value>

    </T - does - neural - DLR>

   </T - tutors - variable>

  </T - corrects - variable>

 </T - tutors - stage>

</T - tutors - procedure>

                                                                                   Figure 6 . The Tutoring Schemata of C

IRCSIM
- T utor [Adapted from Ki m 1998]

T - tutors - procedure

                                                            T - tutors - stage (DR)  T - tutors - stage (RR)  T - tutors - stage (SS)

T - introduces - variable

�

                  T - introduces - stage  T - corrects - variable  T - concludes - stage

�

T - tutors - variable

�

�

T - does - neural - DLR

�

T - tutors - mechanism

T - informs

T - elicits

T - informs

T - informs

T - tutors - DR - info, etc., and each topic consists of pri mitive dialogue acts, which are

designated as T - elicits or T - informs.

                                                                                                    If we think of a schema as a tree, then the internal nodes can be used to specify the

structural info r mation of our tutoring sessions and the leaf nodes can be used to represent

the content of surface text generation. To this end, the internal nodes from the procedure

level down to the topic level can be used as operators for planning curriculum and

disco urse. On the other hand, the leaf nodes, dialogue primitives, can be used for guiding

the generation of the surface utterances [Ki m 2000].

3.3 Turn Planner in the CIRCSM - Tutor Context

                                                                                                    With the tutoring schemata described in the previous section, we can go on to plan

the discourse at different pedagogical levels, to handle the issues of what to say , when to

say it , and how to say it . The current version of C
IRCSIM

- Tutor has only two levels of

planning: lesson planning and discourse planning [Woo 1991]. When this version was

developed, we had only four procedures with the same difficulty level.

                                                                                                    As the system evolves, we have increased the number of pr ocedures to 83. These

procedures are further categorized into five content categories, five procedure difficult y

levels and four procedure description levels [Cho et al. 1999]. This has required the

development of a complex curriculum plan. To make the new version more modular and

efficient, we have developed three separate sets of planning rules one for each of th e three

differentlevelsofplanning.Thepipelinedstructureoftheseplanningoperatorsisshownin

Figure 7.

onto the stack and then searches for plan operators that can be applied tofulfill th is goal. It
is possible that more than one plan operator can be applied and the system will adopt the
lastonefound.Afterdecidingwhichplanoperatortoapply,theoriginalgoalinthestackis
replaced with the recipe for this plan operator. At this po int the system forms another
version of the agenda. The whole session evolves in this recursive manner until the bottom
level within the hierarchical discourse structure is reaching. As soon as a goal is fulfilled it
is popped off the stack. Finally the in itial goal is fulfilled and popped out of the stack. At
this point, the system has completed a session and it is ready to conduct another session.

                                                                                                    In the new version of C

IRCSIM

- Tutor, we use three sets of APE plan operators to
plan contents at the curricul um level , discourse level , and dialogue turn level  respectively.

These three sets of operators form the operations of our curriculum planner, discourse
planner, and turn planner. For example, to conduct a tutoring session, the system pushes
the initial goa l, did - session , onto the stack. To fulfill this goal the system decides to apply
the plan operator, do - session . It expands this goal into three subgoals,
did - beginning - of - session , did - one - student , did - end - of - session , as follows:

                                                                                                    (def - operator do - session

                                                                                                     : goal   (did - session)

                                                                                                     :filter   ()

                                                                                                     :precond  ()

                                                                                                     :recipe   ((goal (did - beginning - of - session))

                                                                                                       (goal (did - one - student))

                                                                                                       (goal (did - end - of - session)))

                                                                                                     :temp   ())

                                                                                                    After this operator is executed, the initial goal is popped off and the stack contains

these  three goals, did - beginning - of - session , did - one - student , did - end - of - session , from top

to bottom. So the system keeps going to fulfill the top goal, did - beginning - of - session , by

applying the plan operator, do - beginning - of - session , which displays a welcome m essage

on the screen, as follows:

                                                                                                    (def - operator do - beginning - of - session

                                                                                                     :goal   (did - beginning - of - session)

                                                                                                     :filter   ()

                                                                                                     :precond  ()

                                                                                                     :recipe   ((goal (did - utter ^Welcome to CST~)))

                                                                                                     :temp   ())

                                                                                                    Aftershowingthewelcome message,thetopgoalispoppedout ofthestack.Sothe

stack has two goals, did - one - student , did - end - of - session , from top to bottom. To fulfi ll the

top goal,the systemapplies the planoperator, do - one - student , which asks for the student´s

name and starts the tutoring session with a stude nt as follows:

                                                                                                    (def - operator do - one - student

                                                                                                     :goal (did - one - student)

                                                                                                     :filter  ()

                                                                                                     :precond ()

                                                                                                     :recipe  ((goal (did - obtain student - name))

                                                                                                      (fact (w - student - name - is ?student))

                                                                                                      (goal (w - student - name - is ?student))

                                                                                                      (goal (did - student ?student)))

                                                                                                     :temp    ())

                                                                                                    The system keeps expanding and fulfilling each goal in the same manner . After the
goal did - one - student  is satisfied, it is popped off the stack. So the stack has one goal,
did - end - of - session , left. To fulfill this goal, the system applies the plan op erator,
do - end - of - session , which displays a good bye mes sage as follows:

                                                                                                     (def - operator do - end - of - session

                                                                                                     :goal   (did - end - of - session)

                                                                                                     :filter   ()

                                                                                                     :precond  ((f - close - log))

                                                                                                      :recipe   ((goal (did - utter ("Goodbye"))))

                                                                                                     :temp   ())

                                                                                                    Afterthelastgoalonthe stackisfulfilled,thestackisemptya ndsystemisreadyfor
another tutoring session.

CHAPTER IV

THE TURN PLANNER

                                                                                                    If we model the behavior of the turn planner in terms of a di scourse tree, it deals

with integrating the leaf nodes into a coherent turn - taking dialogue. This integration is

relatedbothtodiscourseplanningandtosurfacesentencegeneration.Soacentralproblem

with the development of the turn planner is how to make a smooth connection among the

semantic representation, the pragmatic in formation, and the surface linguistic phenomena.

Inotherwords,theturnplannerhastoconsiderthealternativesintermsofrepresentingthe

content of the participants´ utterances, performing the dialogue acts, and generating the

surface language. Thes e alternatives not only provide a certain level of implementation

flexibility, but also introduce the possibility of optimization at some level. Since we are

using schemata as planning operators, having a coherent movement of discourse focus is

no longer a  problem. My goal is to produce a coherent dialogue.

4.1 Textual Overlapping

                                                                                                    Like most Socratic dialogue patterns, the typical structure and content of our

tutorial turns include both an acknowledgment of the student´s previous statement and an

introductio nofsomenewmaterial,i.e.,theendofthecurrenttopicandthebeginningofthe

next topic. In a sense, there is some overlap between the span of dialogue turns and the

coverage of tutorial goals. If we try to map the span of tutorial turns onto the co verage of a

discourseplan,wewillfindaninconsistencybetweentheboundariesofdialogueturnsand

the boundaries of tutorial goals. It is possible that a tutorial goal needs more than one

dialogue turn for its realization or a dialogue turn can realiz e more than one tutorial goal.

Thisinconsistencybringsupapotentialchallengetothedevelopmentoftheturnplannerin
terms of fitting the turn planner into the current system. The turn planner has to overcome
thisinconsistencyandorganizetheutte rancesintoacoherentdialogueturn,whetherornot
they belong to the same discourse plan.

                                                                                                    Followingthetutoringschemataintroducedinthepreviouschapter,theplansmade
by the curriculum and the discourse planner are neatly nested in a hierarchical fashion.

However, since many tutorial turns contain the end of one tutorial schema and the
beginningofthe next,we needto make coherent turns out of material fromdifferent plans.

Here coherence is a main issue of concern.

                                                                                                    Severaldeclarativemarkuplan guageshavebeendevelopedtorepresenttheoverlap
of textual features electronically. These languages are either based on the Standard

Generalized Markup Language (SGML) [Bar nard et al. 1988, Barnard et al. 1995,

Sperberg - McQueen and Burnard 1994, Sperbe rg - McQueen and Burnard 1995] or on its
subset the Extensible Markup Language (XML) [Sperberg - McQueen and Huitfeldt 1999].

These languages provide a good way of identifying textual overlaps. But, in terms of
planning the content of overlapped text, they do not help. We need another approach to
interface the turn structure with the current discourse plan and make it plan dialogue turns
in the evolving conversation.

4.2 Turn Structure Generation

In order to overcome the intrinsic inconsistency between tutorial  goals and dialogue turns,
we decided to design the turn planner to accumulate tutorial primitives from the discourse
planner until the system i s ready to ask a question. This is a good breakpoint for turns in a

Socratic dialogue pattern. Once the turn pla nner has enough dialogue primitives to form a

turn, it goes on to select the proper lexical items according to intra - turn and other

contextual considerations, such as spelling out the variables or not, using discourse

markers or not, using softeners or not , and using pronouns or not, etc. These selections are

then kept as a set of features and passed to the surface sentence generator. Finally the

surfacesentencegeneratorgeneratesthedialogueturnasawholeinsteadofgeneratingand

displaying separate sentences one at a time.

                                                                                                    In this manner, we can really have a good pipeline between the discourse planner

and surface sentence generator without disturbing the current structure of discourse

planning. Also by taking intra - turn focus and contextual informat ion into consideration, it

is easier to guarantee coherence. This process is illustrated in Figure 8.

                                                                                                    In this example, the turn planner accumulates the first two tutorial primitives from

the discourse planner. The first primitive introduces a variable to t utor and the second

primitiveasksforthedeterminantofthatvariable.Thesetwoprimitivesthusformatypical

patternfortutorialturnsinaSocraticdialogue.Atthismoment,theturnstructureissetand

the system is ready to think about choosing l exical items. It decides to use the abbreviated

variablename CVP ,usethediscoursemarker first ,usethesoftener canyoutellme ,anduse

the pronoun it . Those decisions are reflected in the final dialogue turn being generated.

                                                                                                    Theadvantageofthispro cessisthattheturnplannercankeepitsownturnstructure

in a buffer, which does not disturb the hierarchical plans generated by other planners.

Also,  with  the  whole  turn  in  its  buffer,  it  is  easier  for  the turn planner to

closely related to the tutoring schemata and we have established some rules fo r these three
categories. These analyses are described in the next chapter.

CHAPTER V

LEXICAL ANALYSIS

                                                                                                    Wehavechosentoexplorelexicalissuesincontextualdiscoursebymarkingupthe

corpus of tutoring transcripts. Our analysis is based on the assumpti on that a good

discourse theory must be able to account for the ordering of major dicourse constituents

andpredictthe surfacelinguisitc phenomena thatdependonstructuralaspects ofdiscourse

[Reichman 1985, Chapter 5]. Anot her useful idea comes from P assonneau´s protocol,

especially for the problem of finding the inference relationships between different

discourse segments [Passonneau 1994]. The draft of DAMSL [Allen and Core 1997],

which uses a backward looking function to capture how the current utte rance relates to its

antecedent, is also a helpful reference.

                                                                                                    The lexical analysis described in this chapter is focused on the semantic and

pragmatic relationships among the tutoring schemata as well as looking for special

phenomena of lexical usage in the  C
IRCSIM

- Tutor domain.

5.1 Presentation of Lexical Usage for Visualization

                                                                                                    Since we want to predict the surface linguistic phenomena from the structural

aspects of discourse, it is more useful  to have a method that shows discourse structure and

lexical usa ge at the same time. In this way, it is easier for the analysis to take both issues

into consideration. I have developed a new representation for lexical usage that allows the

researcher to visualize lexical research. This method begins by representing the

hierarchical tutoring schemata as tables and then maps the lexical items of interest onto

those table entries according to their original positions in the schemata. In this way we can
visualize both the discourse structure and lexical usage simultaneously .

                                                                                                    Figure9illustratesthevisualizationofthevariabledescriptionsusedwhiletutoring
the variable TPR in the transcript K12. More examples of variable descriptions are shown
in Appendix A.

T - corrects - variable var=TPR

      T - introduces - variabl
e

T - tutors - v ariable

T - does - neural - DLR

T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                                                                            T - informs

T - elicits  T - informs  T - elicits

      T: Now how about

                                          TPR ?

      S: �

T: By what mechanis m
will it  increase?

S: �

�  T: So what do you
think about TPR
now?

S: �

Figure 9 . Visualization of V
ariable Descriptions

                                                                                                    In thisexample, we usedtypographyto indicatethe lexical featuresthat interest us.

The variable TPR  is marked, along with the anaphoric references to it. The tutor first uses
the abbreviated va riable name TPR  t o bring up this variable to teach. In the immediately
following topic, the tutor uses the pronoun it  to refer to the previous mentioned TPR . After
that the tutor goes on to convey some other related explanations and in the final topic the
tutor uses the abbreviated variable name TPR  again to bring back the discourse focus.

                                                                                                    A discourse planned using this schema structure will always have the variable
introduced in the first topic. So, in the second topic it will always be safe to use a prono un
to refer to the same  variable and maintain the same  discourse focus. Als o, in the sense of
making a conclusion, it is appropriate to use abbreviation for the parameter name to bring
back focus.

                                                                                                    Figure 10 is designed to help us visualize the usage of dis course markers while

tutoring the variable TPR in the transcript K10. More examples of the use of discourse

markers in human tutoring sessions are described in Appendix B [Ki m et  al. 2000].

T - corrects - variable var=TPR

  T - introduces - variabl

e

T - tutors - varia ble

T - does - neural - DLR

T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                                                                       T - informs

T - elicits  T - informs  T - elicits

T: Take the last one

                                    first.

T: Can you tell me

how TPR is

controlled?

S: �

T: And  the predictions that

you are making are for the

period before any neural

changes take place.

T: So  what do

you think

about TPR

now?

S: �

Figure 10 . Visualization of Discourse Marker Usage

                                                                                                    In this example, the tutor uses the discourse marker And  to move from one topic to

a semantically continuous topic anduses the discourse marker So to markthe final topic as

an appropriate conclusion [Yang et al. 2000a].

                                                                                                    Adiscourseplannedaccordingtotheschema T - does - neural - DLRwill always have

the first two topics semantically continuous. So, it  will be appropriate to use the discourse

marker And  to connect these two topics. Also in the last topic the tutor has to make a

conclusion and the discourse marker So  is a good way to make this conclusion.

                                                                                                    Figure 11 is an illustration of the way acknowled gments are used while tutoring

TPR in the transcript K48. More examples of the use of acknowledgment s are displayed in

Appendix C.

T - corrects - variable var=TPR

                     T - introduces - varia
ble

T - tutors - variable

T - does - neural - DLR

T - tutors - mechanism  T - tu tors - DR - info  T - tutors - value

                                                                              T - informs

T - elicits  T - informs  T - elicits

               T: Y

              ou predicted

                                                  that TPR would

                                                  increase.

T: What mechanism
does this?

S: Autonomic
nervous system.

T: Right.

T: And during DR what
changes in ANS
activity occur?

S: none.

T: Right

T: So do you w ant to
change your
prediction:

S: Y
es.

TPR has no
change.

T: Great!

Figure 11 . Visualization of the Choice of Acknowledgments

                                                                                                    In this example, the tutor uses the explicit positive acknowledgments Right  and

Great  to accept the stud ent´s answers. For the first two questions the tutor gives a hint by
asking some background knowledge and moving toward the final question. Fortunately,
thestudentanswersthesetwohintsright.Sothetutorusestheexplicitword Right toaccept
these an swers. Finally the student figures out the correct answer and the tutor
acknowledges it in a stronger manner than usual and says Great .

5.2 Result of Lexical Analysis

                                                                                                    The purpose of visualization is to gather together all the instances of these
phenomenas howingthecontextsinwhichtheyoccur.Welookattwotypesofcontext:the
surrounding text and the position within the tutorial dialogue schema. Ultimately we can
find rules governing lexical usage in the C

IRCSIM
- Tutor domain.

                                                                                                    In Figure 9, we can see t he usage of pronominal for ms. The tutor uses it  to refer to

TPR , which was previously mentioned. By showing this, we can further make rules for

describing variables with pronominal forms.

                                                                                                    Similarly, we can find lexical rules for other categories. In Figure  10, we see the

usage of discourse markers. The tutor uses and  to initiate a semantically continuous topic

and then uses so  to conclude the tutoring of TPR. Also, in Figure 11, we see the usage of

acknowledgments. A common phenomenon is that the tutor tend s to use stronger

acknowledgments such as good , great ,or absolutely whenthe student finallygets theright

answer after making some mistakes.

5.3 Lexical Rules and Discussions

                                                                                                    Using the method explained in Section 5.1, we developed lexical rules for vari able

references , discoursemarkers ,and acknowledgmentchoices .Theyarefurtherdescribedi n

the following sections.

                                                                                                    5.3.1 Lexical Rules for Variable Descriptions .  The following rules are derived

for variable descriptions and references.

Rule 1:  Use abbr eviated variable names

Case 1:  Withinthetopic T - introduces - variable ,thetutorusesthe abbreviatedname

to introduce a new variable.

Example:

                                                                                                    <T - introduces - variable>

                                                                                                     K11 - tu - 41 - 1: You only have TPR  left.

                                                                                                    </T - tutors - variable>

Case 2:  Within the topic immediately following T - introduces - variable , the tutor
uses this  to refer to a proposition and maintain the same d iscourse focus.

Example:

                                                                                                    <T - tutors - variable>

                                                                                                     �

                                                                                                     <T - explores - anomaly>

                                                                                                      <T - presents - anomaly>

                                                                                                        K26 - tu - 76 - 2: So, co decreases even though sv

                                                                                                          increases.

                                                                                                      </T - presents - anomaly>

                                                                                                      <T - tutors - anomaly>

                                                                                                        K26 - tu - 76 - 3: How can you explain this ?

                                                                                                      </T - tut ors - anomaly>

                                                                                                     </T - explores - anomaly>

                                                                                                    </T - tutors - variable>

                                                                                                    Rule 1 and Rule 2 are similar to the general results found by Walters [1992]. By
marking up t he anaphor and the item being referenced, she made a general conclusion that
pronouns tend to be used to r efer to items that appeared in the same tutoring schema while
definite descriptions referring noun phrases tend to be used to refer to items in new plans.

Rule 3:  Use definite descriptions

Case 1:  Within the topic of T - introduces - variable , the tutor uses t he last one  or this
issue  to introduce the variable.

Example:

                                                                                                    K10 - tu - 29 - 2: Let’s take a look at some of your predictions.

                                                                                                    <T - introduces - variable>

                                                                                                     K10 - tu - 29 - 3: Take the last one  first.

                                                                                                    </T - introduces - variable>

Case 2:  Within the topic immediately following  T - introduces - variable , the tutor

uses thatprediction torefertoboththevariableanditschangeandmaintain

the same discourse focus.

Example:

                                                                                                    <T - introduces - variable>

                                                                                                     K48 - tu - 44 - 3: you predicted that TPR would increase .

                                                                                                    </T - introduces - variable>

                                                                                                    �

                                                                                                    <T - t utors - variable>

                                                                                                     <T - does - neural - DLR>

                                                                                                      <T - tutors - mechanism>

                                                                                                        K48 - tu - 44 - 4: Can you explain how you arrived at

                                                                                                          that prediction ?

                                                                                                       �

                                                                                                      </T - tutors - mechanism>

                                                                                                     </T - does - neural - DLR>

                                                                                                    </T - tutors - variable>

Case 3:  Within the last topic of T - tutors - variabl e , the tutor uses your prediction  to

end digressions and bring back the discourse focus.

Example:

                                                                                                    <T - tutors - variable>

                                                                                                     <T - does - neural - DLR>

                                                                                                       K48 - tu - 44 - 4: Can you explain how you arrived at that

                                                                                                         prediction?

                                                                                                       �

                                                                                                       K48 - tu - 4 8 - 2 : and during DR what chan ges in ANS activity

                                                                                                         occur ?

                                                                                                       �

                                                                                                      <T - tutors - value>

                                                                                                        K48 - tu - 50 - 1: So do you want to change  your

                                                                                                          prediction ?

                                                                                                      </T - tutors - value>

                                                                                                     </T - does - neural - DLR>

                                                                                                    </T - tutors - variable>

                                                                                                    5.3.2 Lexical Rules for Discourse Markers .  The following rules are deri ved for
applying discourse markers.

Rule 1:  Use so  and now

Case 1:  so  and now  are used in T - introduces - variable  to initiate a discourse focus.

This is similar to behavior observed by Schiffrin [1987, p261].

Exa mple:

                                                                                                    <T - introduces - variable>

                                                                                                     K11 - tu - 53 - 2: So  let me ask you, are  there any other of these variables

                                                                                                       that are primarily under neural control?

                                                                                                    </T - introduces - variable>

Case 2:  so  and now  are used to conclude T - tutors - variable . This is similar to the

idea of marking results discussed by Schiffrin [1 987, Ch 7].

Example:

                                                                                                    <T - tutors - variable>

                                                                                                     <T - does - neural - DLR>

                                                                                                      �

                                                                                                      <T - tutors - value>

                                                                                                        K10 - tu - 31 - 3: So  what about TPR?

                                                                                                        �

                                                                                                      </T - tutors - value>

                                                                                                     </T - does - neural - DLR>

                                                                                                    </T - tutors - variable>

Rule 2:  Use first  in T - introduces - variable  to introduce the first topic of the first

variable being tutored.

Example:

                                                                                                    <T - introduces - variable>

                                                                                                     K13 - tu - 37 - 3: First , what parameter determines the value of rap?

                                                                                                    </T - introduces - variable>

Rule 3:  Use but  in T - presents - contradiction  to contrast two ideas.

Example:

                                                                                                    <T - shows - contr adiction>

                                                                                                     <T - presents - contradiction>

                                                                                                      K10 - tu - 41 - 2: You predicted that it would go up.

                                                                                                      �

                                                                                                      K10 - tu - 43 - 1: But  remember that we ´ re dealing with the period

                                                                                                        before  there can be any neural changes.

                                                                                                     </T - presents - contradiction>

                                                                                                    </T - shows - contradiction>

Rul e 4:  Use and  to initiate a semantically continuous topic.

Example:

                                                                                                    <T - does - neural - DLR>

                                                                                                     <T - tutors - mechanism>

                                                                                                      K10 - tu - 29 - 4: Can you tell me how TPR is controlled?

                                                                                                      �

                                                                                                     </T - tutors - mechanism>

                                                                                                     <T - tutors - DR - info>

                                                                                                      K10 - tu - 31 - 2: And  the predictions that you ar e making are for the

                                                                                                        period  before any neural changes take place.

                                                                                                     </T - tutors - DR - info>

                                                                                                     �

                                                                                                    <T - does - neural - DLR>

Rule 5:  Use therefore  to summar ize T - tutors - via - deeper - concepts .

Example:

                                                                                                    <T - tutors - via - deeper - concepts>

                                                                                                     <T - tutors - determinant>

                                                                                                      K27 - tu - 52 - 1 : If I  have a single blood vessel, what parameter most

                                                                                                        strongly determines its resistance to flow?

                                                                                                      �

                                                                                                      <T - moves - to - previous - concepts>

                                                                                                       <T - tutors - determinant>

                                                                                                        K27 - tu - 54 - 1: And physiologically, what determines

                                                                                                          the diameter of the blood vess els?

                                                                                                       </T - tutors - determinant>

                                                                                                      </T - moves - to - previous - concepts>

                                                                                                     </T - tutors - determinant>

                                                                                                     <T - tutors - determinant>

                                                                                                      K27 - tu - 56 - 2: Therefore , what determines TPR ?

                                                                                                     </T - tutors - determinant>

                                                                                                    </T - tutors - via - deeper - concepts>

                                                                                                    5.3.3 Lexical Rules for Acknowledgme nts .  The following rules are derived for

giving acknowledgment s.

Rule 1:  Use a negative acknowledgment such as no  or not quite  to reject the

student´s first wrong answer.

Example:

                                                                                                    K12 - tu - 31 - 1: Now how about TPR?

                                                                                                    <T - elicits>

                                                                                                     K12 - tu - 33 - 1: By what mechanism will it increase?

                                                                                                     <S - ans catg=incorrect>

                                                                                                      K12 - st - 34 - 1: If you increase pressure will you momentarily

                                                                                                        increase resistance

Case 1:  the tutor tries to identify the student´s problem without giving any
acknowledgment.

Example:

                                                                                                    <T - diagnoses - errors>

                                                                                                     <T - identifies - problem>

                                                                                                      <T - elicits>

                                                                                                       K27 - tu - 50 - 2:  Why do you think that TPR  will decrease?

                                                                                                       <S - ans catg=incorrect>

                                                                                                        K27 - st - 51 - 1: Since HR decre a sed, CO  will decrease

                                                                                                          and the  direct response would be

                                                                                                          decreased  TPR.

                                                                                                       </S - ans>

                                                                                                      </T - elicits>

                                                                                                     </T - identifies - problem>

                                                                                                    </T - diagnoses - errors>

                                                                                                     K27 - tu - 52 - 1 :  If I have a single blood vessel, what parameter most

                                                                                                        strongly determines its resistance to flow?

                                                                                                        (Acknowledgment omitted)

Case 2:  The tutor doesn´t give any acknowledgment when the student gives a
near - miss answer, but tries other met hods to guide the student toward the
correct answer.

Example:

                                                                                                    <T - tutors - via - determinants>

                                                                                                     <T - tutors - determinant>

  <T - elicits>

   K25 - tu - 48 - 3: What parameter determines rap?

   <S - ans catg=near - miss>

    K25 - st - 49 - 1: Central venous pressure.

   </S - ans>

  </T - elicits>

  <T - moves - toward - PT method - type=inner>

   <T - tutors - determinant>

    <T - elicits>

    K25 - tu - 50 - 1: And what determines cvp?

      (Acknowledgment omitted)

     <S - ans catg=correct>

      K25 - st - 51 - 1: Blood volume and

        "compliance" of t he venous

        side of  the circ.

     </S - ans>

     <T - ack type=positive>

      K25 - tu - 52 - 1: Right.

     </T - ack>

    </T - elicits>

   <T - moves - toward - PT>

  </T - tutors - determinant>

 </T -  tutors - via - determinants>

5.4 Other Lexical Problems

                                                                                                    This method of analysis works very well for selecting lexical categories that are
closelyrelatedtothetutoringschema,suchasvariabledescriptions,discoursemarkersand
acknowledgments. However, we still have other categories that are less related to the
tutoring s chema, such as the lexical choice of verbs for qualitativechangeand the decision
about when the tutor repeats what the student has said. As part of this research, we need to
explore more issues and discover more rules to make this work more complete.

                                                                                                    5. 4.1 Verb Phrases for Qualitative Change .  One of the special lexical
phenomena in our tutoring sessions is that the human tutor tends to use some verb phrases
as a pair while describing the qualitative changes in variables [Zhang 1991]. The tutor
tends to u se go up  and go down , rise  and  fall , +  and  - , or increase  and decrease  in pairs to
describe these qualitative relations. These pairs are important in making cohesive lexical
selections.

Exa mple:

                                                                                                    K26 - tu - 76 - 2: So, CO de creases  even though SV increases .

                                                                                                    5.4. 2 User Driven Choice .  Another special lexical phenomenon in our domain is
that the human tutor tends to adopt the student´s words or phrases in the immediately
following dialogue. Ramachandran [1994] was the first to notice this phenomenon. He
namedituse rdrivenlexicalchoice.Intermsofimitatingthehumantutor´slanguagethisis
an important consideration and we need to apply it to our lexical selections.

Exa mple:

                                                                                                    K20 - tu - 36 - 8: So what do you think happens to SV, given this info?

                                                                                                    K20 - st - 37 - 1: Since CC  is not changing then I would think no change in SV.

                                                                                                    K20 - st - 37 - 2: But since CO D  then RAP I . I think SV I

                                                                                                    K20 - tu - 38 - 1: Correct.

                                                                                                    K20 - tu - 38 - 2: When CO D , RAP  (which determines EDV) I  and SV I .

5.5 Other Coherence Issues

                                                                                                    Shifts in discourse focus are an impor tant consideration in terms of generating

coherent text. Maintaining the coherence of a conversation means ensuring that the

discourse focus evolves in a reasonable way [Reichman 1985]. In C

IRCSIM

- Tutor, a

tutorialturnmaybe abletorealize severaltutor ialgoalsor atutorial goal mayneedseveral

turns to realize. These problems have raised a number of issues involving intra - turn and

inter - turn coherence.

·
                                                                                                    Discourse focus movement

                                                                                                    Schema - basedplanningisagoodwayofmodelingdiscoursebehaviors[McKeo wn

                                                                                                    1985]. An alternate idea is using plan operators to model discourse behaviors

                                                                                                    [Moore and Paris 1993]. Our schema - based plan operators provide us with a

                                                                                                    smooth approach to moving the discourse focus. As long as we can choose a

                                                                                                    suitable schema to continue  the tutoring sessions and generate dialogue

                                                                                                    accordingly, we can generate coherent discourse.

·
                                                                                                    Global discourse structure

C

                      IRCSIM
                                                                                                                      - Tutorusesaglobalhistorylisttoenhancecoherence.Basedonthehistory
list, we can take care of a lot of lexical issues s uch as anaphoric reference, ellipsis,
verb phrase anaphora, etc.

CHAPTER VI

EVALUATION

                                                                                                    The justification for adding a turn planner as a new module to the current

architecture is to improve the rhetorical structure and have a more natural and more fl uent

m achine dialogue. In terms of evaluation, fluency and coherence are subjective ideas

relatedtotheuseracceptanceofthissystem.So,contrarytomostofthepublishedliterature

on evaluation, the evaluation of the turn planner should be mostly focused o n user

acceptability.

6.1 Evaluation Method

                                                                                                    Concerning the issue of user acceptance, I recommend a statistical evaluation,

representing the quality of our machine dialogue by mean and variance. This approach is

similar to the idea of evaluating the validit y of each improvement applied in the EBMT

system and the TRAINS - 96 system. For each of the impr ovements made by the turn

planner,wewillgeneratetwodialoguesfromdifferentcontexts.Oneofthedialoguestakes

an improvement into account while the other  disregards that improvement on purpose.

After constructing these two dialogues, we can show them to our potential users, the

first - yearmedicalstudents,andhavethemgradethedialoguequalityonascalefromoneto

five. Then, the grading difference ca n be used as an indication of the validity of applying

each improvement [Yang et al. 2001].

                                                                                                    The following example is generated without any improvement in variable
descriptions:

                                                                                                    T:  Can you tell me what are the determinants of Cardiac Output?

                                                                                                    S:  sv and hr

                                                                                                    T:  Right, Cardiac Output is determined by Stroke Volum e and Heart Rate.

                                                                                                     Now, which determinant is dominant in this case?

                                                                                                    S:  sv

                                                                                                    T:  Right, the important determinant of Cardiac Output in this case is Stroke

                                                                                                     Volume.

                                                                                                     And is the relationship from Stroke Volume to Cardiac Output direct or

                                                                                                     inverse?

                                                                                                    S:  direct

                                                                                                    T:  G ood.

                                                                                                     So, what is the correct value of Cardiac Output?

                                                                                                    S:  decreased

                                                                                                    T:  Absolutely.

6.4 Evaluating the Validity of Improving Acknowledgments

                                                                                                    To evaluate the validity of i mproving acknowledgments, we will have the medical
students grade the following two dia logues. Again, the difference can be an indication of
the validity of i mproving acknowledgments.

                                                                                                    The following example is generated with improvements in acknowledgments:

                                                                                                    T:  Can you tell me what are the determinants of Mean Arterial Pressure?

S:  co and tpr

T:  Right.

 And which determinant is dominant in this case?

S:  tpr

T:  No, it is not.

 The important determinant of MAP in this case is CO.

 TPR didn’t change yet.

 Do you know is the relationship from CO to MAP direct or inverse?

S:  direct

T:  Good.

 So, wha t is the correct value of MAP?

S:  decreased

T:  Absolutely.

The following example is generated without improvements in acknowledgments:

T:  Can you tell me what is the determinant of Central Venous Pressure?

S:  co

T:  Correct, CVP is determi ned by CO.

 And is  the relationship from CO to CVP direct or is it inverse?

S:  direct

T:  Sorry, you got the wrong answer.

 A change in CO has an inverse effect on CVP.

 So, what is the correct value of CVP?

S:  decreased

T:  Correct, the value of CVP is decreased.

6.5 Other C oncerns

                                                                                                    The sample size is an important concern in determining the precision of statistical
evaluations.Forthiskindofevaluation,thesampl esizeshouldbelargeenough,sothatany
special result will not lead to a big variance. Also, to get an intuit ive response concerning
the user acceptance, thetime of reading and grading sample dialogues should be limited t o
allow the subjects to work at a regular pace.

CHAPTER VII

CONCLUSIONS

                                                                                                    Computers help people process massive information efficiently on one h and, but

tend to respond to people with mor e information than necessary on the other hand. The

reason is that the exchange of infor mation between human and computer is very different

from the exchange of infor mation between human and human. While most info r mation

systems respond to users with preprogrammed infor mation, people tend to exchange

information incrementally. After giving the listener a certain amount of i nfor mation, the

speaker tends to stop and wait for some response from the listener. So that t he speaker

knows if the listener is really following the intended communication goal or not.

                                                                                                    If a user asks an information system the same question twice, it is very likely that

the system will respond with the same answer twice, but people will hardly hav e this kind

of dialogue. Instead of repeating the same answer, people tend to adapt answers according

to the listener´s understanding and try to solve the unspoken problems in the way of

reaching the dialogue goal [McRoy et al. 1999]. The invention of dial ogue systems is

motivated by the desire to reform the interaction between human and computer to change

the typical dysfunctional exchange into an incremental information exchange. To this end,

implementingaturntakingdialoguebetweenhumanandcomputer isthebestwaytofulfill

the goal of an incremental information exchange.

7.1 Summary

                                                                                                    The planning of turn taking dialogue is not well - studied in natural language

dialogue systems. Part of the reason is that conducting turn - taking dialogues is a real - tim e,

responsive, and adaptive process. A dialogue progresses interactively planned by both
participants. Thus too much prediction and planning ahead may be counter productive.

                                                                                                    In this research, I focus on the task of refining the discourse plans and producin g a
more detaileddialogue specificationthat canbe passedtoa surface sentence generatorthat
produces the actual words. To make the dialogue more fluent and more natural, a turn
buffer is used to accumulate the dialogue primitives from the discourse pl anner until there
are enough to for m a turn. Once the turn planner has enough dialogue primitives to form a
turn, it goes on to select the proper lexical items according to intra - turn and other
contextual considerations. This makes it possible to continue the pipeline between the
discourseplannerandthesurfacesentencegeneratorintheC

IRCSIM

- Tutordomainwithout
disturbing the current structure of discourse planning and curriculum planning. Also by
taking intra - turn focus and contextual information int o consideration, it is easier to
guarantee coherence.

                                                                                                    Producing well chosen lexical items is an important factor in generating coherent
dialogue. In the turn planner, the lexical items are selected on the basis of the structural
aspects of the discourse. I  developed a method that shows discourse structure and lexical
usage at the same ti me, which makes it easier to take both issues into consideration while
analyzinglexicalphenomena.Thismethodofanalysisworksverywellformakingchoices
from lexical categories that are closely related to the tutoring schema, such as variable
descriptions,discoursemarkers,andacknowledgments.Basedthisanalysis,Iderivedthree
sets of rules for lexical choice.

7.2 Significance

                                                                                                    As we have seen turn planning can ma ke dialogue seem more fluent and more

nature.Thisisanewproblemandwehavetakenthefirststeptowardit.Inmanysystemsas

intheoldversionofC
IRCSIM

- Tutortheresultofdiscourseplanningisatreeinwhichaleaf

node is a simplified structure  including a predicate and some arguments. The predicate is

usually named by the verb and the arguments are often some symbols representing the

intended dialogue primitive. This structure is enough for generating dialogue at the

sentence level, but, in ter ms of generating a coherent dialogue, some ot her issues beyond

thesentencelevelshouldalsobetakenintoconsideration.Mynewturnplannertakesso me

of these intra - turn and inter - turn issues into consideration. The result of turn planning is

still not  a text, but by providing the surface sentence generator with better dialogue

specifications we can improve the rhetorical structure to a reasonable level.

7.3 Future Study

                                                                                                    Manynatural language researchgroups have foundthata certainnumber of natural

l anguage generation issues are beyond the consideration of discourse planning and surface

generation, but they are nonetheless important in building high - quality text generation

systems. My research on turn planning has touched only some of the issues. Othe r further

in - depth research can make a significant contribution to dialogue generation.

                                                                                                    In future study, I hope to learn more about how human dialogue works, especially

tutorial dialogue. I want to find some more general contingencies that form the

VARIABLE DESCRIPTION S AND SCHEMATA

                                                                                                    Thefollowingsectionsshowthephenomenaofvariabled escriptionsinourtutoring
schemata during the DR Stage.

A.1 Variable Descriptions while Tutoring TPR

T - corrects - variable var=TPR

T - introduces - variable  T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                K10  th e last one  TPR   TPR

                K11  TPR  TPR   TPR

                K48  TPR  that prediction   your prediction

T - corrects - variable var=TPR

                                                                                        T - introduces - varia
ble

T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - in
fo

T - tutors - value

 Attempt 1  Attempt 2  T - mo ves - towar
d - PT

   T - tutors - mecha
nism

                K12  TPR  it     TPR

T - corrects - variable var=TPR

T - tutors - variable

T - diagnoses - errors  T - tutors - via - deeper - concepts  T - does - neural - DLR

                                                                                                                      T - identifies - problem  T - tutors - determinant  T - tutors - determi
nant

T - tutors - D

R - info

T - tutors - va
lue

 T - moves - to - previous - concepts

                K27  TPR   TPR   TPR

A.2 Variable Descriptions while Tutoring IS

T - corrects - variable var=CC

                                                                                        T - introduces - varia

ble

T - tutors - variable

 T - shows - contradiction

 T - presents - contradiction  T - tutors - c ontradiction

                K10  CC (S - ans)  it  CC

T - corrects - variable var=CC

                                                                                        T - introduces - varia

ble

T - tutors - variable

 T - shows - contradiction  T - does - neural - DLR

 T - presents - contra

diction

T - tutors - contradi

ction

T - tutors - deter

minant

T - tutors - DR

- info

T - tutors - valu

e

                K11  CC (S - ans)  CC  it  CC   CC

T - corrects - variable var=CC

T - tutors - variable

T - does - neural - DLR

T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                K16  contractility   CC

T - corrects - variable var=IS

T - introduces - variable  T - tutors - variable

 T - doe s - neural - DLR

 T - tutors - defi

nition

T - tutors - mec

hanism

T - tutors - DR - info  T - tutors - value

                K47  IS  IS  IS   IS

A.3 Variable Descriptions while Tutoring SV

T - corrects - variable var=SV

T - tutors - variable

T - moves - forward

T - tutors - value

                K12  SV

T - corrects - variable var=SV

T - tutors - variable

T - via - determinant

T - tutors - determinant  T - tutors - value

 Attempt 1  Attempt 2

                K14  SV  SV  SV

                K20  SV  SV

T - corrects - variable var=SV

T - tutors - variable

T - moves - forward  T - explores - anomaly

 T - presents - anomaly  T - t utors - anomaly

                K25  SV  SV  SV

                K26  SV  SV  this

T - corrects - variable var=SV

                                                                                            T - introduces - v
ariable

T - tutors - variable

 T - tutors - via - determinant  T - shows - contradiction  T - explores - anomaly

 T - tutors - deter
minant

T - moves - to
ward - PT

T - presents - co
ntradiction

T - t utors - contr
adiction

T - presents -
anomaly

T - tutors - an
omaly

  T - tutors - PT -
entry

                K27  SV  SV   SV  SV  SV  this

A.4 Variable Descriptions while Tutoring CVP

T - corrects - variable var=RAP

                                                                                            T - introduces - v
ariable

T - tutors - variable

 T - tutors - via - determinant  T - t utors - via - deeper - concepts

 T - tutors - deter
minant

T - tutors - relatio
nship

T - tutors - relatio
nship

T - tutors - relati
onship

T - tutors - value

                K11  RAP   RAP    RAP

T - corrects - variable var=RAP

T - tutors - variable

T - tutors - via - determinant

T - tutors - determinant  T - t utors - relationship  T - tutors - value

                K13  RAP  RAP  RAP

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - determinant

 T - tutors - determinant  T - tutors -  determinant  T - tutors - relati

onship

T - tutors - v

alue

 Attempt 1  Attemp t 2  T - tutors - via - deeper - co

ncepts

T - moves - t

owards - PT

   T - tutors - co

mpliance - inf

o

T - tutors -

determin

ant

T - tutors -

PT - entry

K14  this issue  RAP  RAP     RAP  RAP

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - dete rminant

 T - tutors - determinant  T - tutors - consequence - value

  T - moves - towards

- PT

T - moves - towards

- PT

  T - tutors - determin

ant

T - tutors - determin

ant

K25  RAP  RAP    RAP

T - corrects - variable var=RAP

T - tutors - variable

T - tutors - via - determinant

T - tutor s - determinant  T - tutors - relationship  T - tutors - value

 T - moves - towards - PT

 T - tutors - determinant  T - tutors - determinant

K26  RAP    RAP  RAP

APPENDIX B

DISCOURSE MARK ERS AN D SCHEMATA

DISCOURSE MARK ERS AN D SCHEMATA

                                                                                                    The following sections show the phenomena of using discourse markers in our

tutoring schemata during the DR Stage.

B.1 Discourse Marker Usage while Tutoring TPR

T - corrects - variable var=TPR

T - introduces - variable  T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                K10    and  so

                K11     now

                K48    and  so

T - corrects - variable var=TPR

                                                                                        T - introduces - varia

ble

T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - in

fo

T - tutors - value

 Attempt 1  Attempt 2  T - moves - towar

d - PT

   T - tutors - mecha

nism

                K12     and  and  so

T - corrects - variable var=TPR

T - tutors - variable

                                                                                                               T - diagnoses - errors  T - tutors - via - deeper - concepts  T - does - neural - DLR

                                                                                                     T - identifies - problem  T - tutors - determinant  T - tutors - determi

nant

T - tutors - D

R - info

T - tutors - v a

lue

 T - moves - to - previous - concepts

                K27   and  therefore   so

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - determinant

 T - tutors - determinant  T - tutors -  determinant  T - tutors - relati
onship

T - tutors - v
alue

 Attempt 1  Attempt 2  T - tutors - via - deeper - co
ncepts

T - m oves - t
owards - PT

   T - tutors - co
mpliance - i
nfo

T - tutors -
determinan
t

T - tutors -

PT - entry

K14       well   since

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - determinant

 T - tutors - determinant  T - tutors - conseque nce - value

  T - moves - towards

- PT

T - moves - towards

- PT

  T - tutors - determin
ant

T - tutors - determin
ant

K25  now   and  but

T - corrects - variable var=RAP

T - tutors - variable

T - tutors - via - determinant

T - tutors - determinant  T - tutors - relationship  T - tutors - valu e

 T - moves - towards - PT

 T - tutors - determinant  T - tutors - determinant

K26

APPENDIX C

ACKNOWLEDGMENTS AND SCHEMATA

ACKNOWLEDGMENTS AND SCHEMATA

                                                                                                    The following sections show the phenomena of using acknowledgme nts in our
tutoring schemat a during the DR Stage.

C.1 Acknowledgments while Tutoring TPR

T - corrects - variable var=TPR

T - introduces - variable  T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                K10   Yes   Good

                K11   Right   Right

                K48   Right  R ight  Great

T - corrects - variable var=TPR

                                                                                        T - introduces - varia
ble

T - tutors - variable

 T - does - neural - DLR

 T - tutors - mechanism  T - tutors - DR - in
fo

T - tutors - value

 Attempt 1  Attempt 2  T - moves - towar
d - PT

   T - tutors - mecha
nism

                K12   No  Yes  Yes   Correct

T - corrects - variable var=TPR

T - tutors - variable

                                                                                                                T - diagnoses - errors  T - tutors - via - deeper - concepts  T - does - neural - DLR

                                                                                                     T - identifies - problem  T - tutors - determinant  T - tutors - deter
minant

T - tutors - D

R - info

T - tutors - va
lue

 T - moves - to - previous - concepts

                K27  Omitted negative ack  Right  Omitted
positive ack

 Right

C.2 Acknowledgments while Tutoring IS

T - corrects - variable var=CC

                                                                                        T - introduces - varia

ble

T - tutors - variable

 T - shows - contradiction

 T - presents - contradiction  T - tutors - contradiction

                K10  Yes   Omit ted negative ack, Good

T - corrects - variable var=CC

                                                                                        T - introduces - varia

ble

T - tutors - variable

 T - shows - contradiction  T - does - neural - DLR

 T - presents - contra

diction

T - tutors - contradi

ction

T - tutors - deter

minant

T - tutors - DR

- info

T - tutors - valu

e

                K11  Right ag ain   You can´t have

it both way

  Right again

T - corrects - variable var=CC

T - tutors - variable

T - does - neural - DLR

T - tutors - mechanism  T - tutors - DR - info  T - tutors - value

                K16  Right   Omitted positive ack

T - corrects - variable var=IS

T - introduces - variabl e  T - tutors - variable

 T - does - neural - DLR

 T - tutors - defi

nition

T - tutors - mec

hanism

T - tutors - DR - info  T - tutors - value

                K47   Partly

correct

  Correct

C.3 Acknowledgments while Tutoring SV

T - corrects - variable var=SV

T - tutors - variable

T - moves - forward

T - t utors - value

                K12  Absolutely

T - corrects - variable var=SV

T - tutors - variable

T - via - determinant

T - tutors - determinant  T - tutors - value

Attempt 1  Attempt 1  Attempt 1  Attempt 2

                K14  No  Good  Omitted negative ack  Right

                K20  Well that´s partly correct  Corr ect

T - corrects - variable var=SV

T - tutors - variable

T - moves - forward  T - explores - anomaly

 T - presents - anomaly  T - tutors - anomaly

                K25  Omitted positive ack   Exactly

                K26  Right!   Right

T - corrects - variable var=SV

                                                                                            T - introduces - v
ariable

T - tutors - variabl e

 T - tutors - via - determinant  T - shows - contradiction  T - explores - anomaly

 T - tutors - deter
minant

T - moves - to
ward - PT

T - presents - co
ntradiction

T - tutors - contr
adiction

T - presents -
anomaly

T - tutors - an
omaly

  T - tutors - PT -
entry

                K27   Right  Right   Not quite   Ver y good

C.4 Acknowledgments while Tutoring CVP

T - corrects - variable var=RAP

                                                                                            T - introduces - v
ariable

T - tutors - variable

 T - tutors - via - determinant  T - tutors - via - deeper - concepts

 T - tutors - deter
minant

T - tutors - relatio
nship

T - tutors - relatio
nship

T - tutors - rela ti
onship

T - tutors - value

                K11    Omitted
negative ack

 Yes  Great

T - corrects - variable var=RAP

T - tutors - variable

T - tutors - via - determinant

T - tutors - determinant  T - tutors - relationship  T - tutors - value

                K13  Not in the way you seem to
think

Omitted positive  ack  Omitted positive ack

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - determinant

 T - tutors - determinant  T - tutors -  determinant  T - tutors - relati

onship

T - tutors - v

alue

 Attempt 1  Attempt 2  T - tutors - via - deeper - c o

ncepts

T - moves - t

owards - PT

   T - tutors - co

mpliance - i

nfo

T - tutors -

determinan

t

T - tutors -

PT - entry

K14   Omitted

negative

ack

Omitted

negative

ack

 Omitted

negative

ack

Omitted

partial

correct

ack

No  Right

T - corrects - variable var=RAP

                                                                           T - introduces -

                                                                                                          variable

T - tutors - variable

 T - tutors - via - determinant

 T - tutors - determinant  T - tutors - consequence - value

  T - moves - towards

- PT

T - moves - towards

- PT

  T - tutors - determin

ant

T - tutors - determin

ant

K25   Omitted near

miss ack

Right  Omitted positive

ack

No

T - corrects - variable var=RAP

T - tutors - variable

T - tutors - via - determinant

T - tutors - determinant  T - tutors - relationship  T - tutors - value

 T - moves - towards - PT

 T - tutors - determinant  T - tutors - determinant

K26  Omitted

                                                                                                      don´t

                                                                             know ack

 No   Omitted

positiv e ack

 98

Ki m, J., Glass, M., Freedman, R., and Evens, M. 2000. Learning the Use of Discourse

                                                                                                    Markers in Tutorial Dialogue for an Intelligent Tutoring System, Proceedings of

                                                                                                    the 22nd Annual Conference of the Cognitive Science Society (MAICS 2000 ) ,

                                                                                                    Philadelphia, PA, pp. 262 -  267.

Ki m, J. 2000. Natural Language Analysis and Generation for Tutorial Dialogue , Ph.D.

                                                                                                    Dissertation, Illinois Institute of Technology, Chicago, IL.

Ki m, N. 1989. C

IRCSIM
- Tutor: An Intelligent Tutoring Sy stem for Circulatory Physiology ,

                                                                                                    Ph.D. Dissertation, Computer Science Department, Illinois Institute of

                                                                                                    Technology, Chicago, IL.

Lee, Y. 1990. Handling Ill - Formed Natural Language Input for a Intelligent Tutoring

                                                                                                    System , Ph.D. Dissertation, Illinois Instit ute of Technology, Chicago, IL.

Mann,W.,andMoore,J.1981.ComputerGenerationofMultiparagraphEnglishText, The

                                                                                                    American Journal of Computational Linguistics , Vol. 7, No. 1, pp. 17 -  29.

Mann, W., and Thompson, S. 1988. Rhetorical Structure Theory: T oward a Functional

                                                                                                    Theory of Text Organization,  Text , Vol. 8, No. 3, pp. 243 -  281.

McKeown, K. 1985. Text Generation: Using Discourse Strategies and Focus Constraints

                                                                                                    toGenerateNaturalLanguageText ,Cambridge,UK:CambridgeUniversityPress.

McRoy, S,  Ali, S., Restificar, A., and Channarukul, S. 1999. Building Intelligent Dialogue

                                                                                                    Systems, Intelligence , Vol. 10, No. 1, pp. 14 ˘  23.

Mellish, C., O´Donnell, M., Oberlander, J., and Knott, A., 1998. An Architecture for

                                                                                                    Opportunistic Text Generation, Procee dings of the 9th International Workshop on

                                                                                                    Natural Language Generation , Niagara - on - the - Lake, Ontario, Canada, pp. 28 -  37.

Mills, B. 2001. Using the Atlas Planning Engine to Drive an Intelligent Tutoring System:

                                                                                                    C

IRCSIM
- Tutor Version 3, Proceedings of the 14th International Florida Artificial

                                                                                                    Intelligence Research Society Conference (FLAIRS 2001) , Key West, FL, 211 -

                                                                                                    215.

Mittal, V.O. 1999. Generating Natural Language D e scriptions with Integrated Text and

                                                                                                    Examples , Mahwah, NJ: Lawrence Erlbaum Associates.

M oore, J., and Paris, C. 1993. Planning Text for Advisory Dialogues: Capturing

                                                                                                    Intentional and Rhetorical Information, Comput ational Linguistics , Vol. 19, No. 4,

                                                                                                    pp. 651 -  694.

Moore, J., Lemaire, B., and Rosenblum, J. 1996. Discourse Generation for Instruc tional

                                                                                                    Applications: Identifying and Exploiting Relevant Prior Explanations, The Journal

                                                                                                    of the Learning Sciences , Vol. 5, No. 1, pp. 49 -  94.

Moser, M., and Moore, J.D. 1995. Investigating Cue Selection and Placement in Tutorial

                                                                                                    Discourse, Proceedings of the 33rd Annual Meeting of the Association for

                                                                                                    Computational Linguistics , Cambridge, MA, pp. 130 -  135.

Nakatani, C., Grosz, B., Ahn, D., and Hirschberg, J. 1995. Instructions for Annotating

                                                                                                    Discourses, Technical Report Number TR - 21 - 95, Center for Research  in

                                                                                                    Computing Technology, Harvard University, Cambridge, MA.

Nakatani, C., and Traum, D. 1998. Draft: Discourse Structure Coding Manual ,  The 3rd

                                                                                                    Discourse Resource Initiative (DRI) Meeting , Chiba, Japan, np.

Passonneau, R. 1994. Protocol for Coding Discour se Referential Noun Phrases and Their

                                                                                                    Antecedents , Revised November 1994, Technical Report, CARD Project,

                                                                                                    Department of Computer Science, Columbia University, New York City, NY.

Patten, T. 1988. Systemic Text Generation as Problem Solving , Cambridge, UK:

                                                                                                    C ambridge University Press.

Polifroni, J., Seneff, S., Glass, J., and Hazen, T.J. 1998. Evaluation Methodology for a

                                                                                                    Telephone - Based Conversation System, Proceedings of the 1st International

                                                                                                    Conference on Language Resources and Evaluation , Paris, France: Eu ropean

                                                                                                    Language Resources Association, pp. 43 -  49.

Pryor, L., and Collins, G. 1994. Opportunities: A Unifying Framework for Planning and

                                                                                                    Execution, Proceedings of the 2nd International Conference on Artificial

                                                                                                    Intelligence Planning Systems , Chicago, IL, p p. 329 -  334.

Ramachandran, K. 1994. Lexical Choice in Natural Language Text Generation for an

                                                                                                    Intelligent Medical Tutoring System , M.S. thesis, Illinois Institute of Technology,

                                                                                                    Chicago, IL.

ReichmanR.1985. GettingComputerstoTalklikeYouandMe ,Cam bridge,MA:TheMIT

                                                                                                    Press.

Rovick, A., and Brenner, L. 1983. HEARTSIM: A Cardiovascular Simulation with

                                                                                                    Didactic Feedback, The Physiologist , Vol. 26 No. 4, pp. 236 - 239.

Rovick, A., and J. Michael. 1986. CIRCSIM: IBM - PC Computer Teaching Exercise on

                                                                                                    Blood Pressure Regulation, Proceedings of the XXX Congress of International

                                                                                                    Union of Physiological Sciences , Vancouver, p. 138.

Sanders, G. 1995.  Generation of Explanations and Multi - Turn Discourse Structures in

                                                                                                    TutorialDialog,BasedonTranscriptAnalysis ,Ph. D.Dissertation,IllinoisInstitute

                                                                                                    of Technology, Chicago, IL.

Schiffrin, D. 1987. Discourse Markers , Cambridge, UK: Cambridge University Press.

 1 00

Seu, J. 1992. The Development of an Input Understander for an Intelligent Tutoring

                                                                                                    System Based on a Sublangua ge Study , Ph.D. Dissertation, Illinois Institute of

                                                                                                    Technology, Chicago, IL.

Shim,L.1991. StudentModelingforanIntelligentTutoringSystem:BasedontheAnalysis

                                                                                                    of Human Tutoring Sessions , Ph.D. Dissertation, Illinois Institute of Technology,

                                                                                                    Chicago , IL.

Sperberg - McQueen, C.M., and Burnard, L. 1994. Guidelines for Elecronic Text Encoding

                                                                                                    and Interchange , Chicago and Oxford: Text Encoding Initiative.

Sperberg - McQueen, C.M., and Burnard, L. 1995. The Design of the TEI Encoding

                                                                                                    Scheme, Computers and the  Humanities , Vol. 29, No. 1, pp. 17 -  39.

Sperberg - McQueen, C.M., and Huitfeldt, C. 1999. Concurrent Docume nt Hierarchies in

                                                                                                    MECS and SGML, Literary and Linguistic Computing , Vol. 14, No. 1, pp. 29 -  42.

Spitkovsky, J.A., and Evens, M. 1993. Negative Ackno wledgments in Natural Language

                                                                                                    Tutoring Systems, Proc eedings of the 4th Midwest AI and Cognitive Science

                                                                                                    Conference ,  pp. 41 -  45.

Stent, A., and Allen, J. 1997, TRAI NS - 96 System Evaluation , TRAINS Technical Note

                                                                                                    97 - 1, Department of Computer Science, Univer sity of Rochester, Rochester, NY.

Walters, J. 1992. The Markup of Anaphora and Referenced Items for Tutorial Transcripts ,

                                                                                                    Unpublished Paper, Computer Science Department, Illinois Institute of

                                                                                                    Technology, Chicago, IL.

Wong, K., Tsang, C., and Chan, W. 1988.  SHERLOCK ˘  A Systemfor DiagnosingPower

                                                                                                    DistributionRingNetworkFaults, Proceedingsofthe1stInternationalConference

                                                                                                    on Industrial and Engineering Applications of Artificial Intelligence and Expert

                                                                                                    Systems , Tullahoma, TN, Vol. 1, pp. 109 -  113.

Woo,  C. 1991. Instructional Planning in an Intelligent Tutoring System: Combi ning

                                                                                                    Global Lesson Plans with Local Discourse Control , Ph.D. Dissertation, Illinois

                                                                                                    Institute of Technology, Chicago, IL.

Yang, F., Ki m, J., Glass, M., and Evens, M. 2000a. Lexical Us age in the Tutoring Schema

                                                                                                    of C

IRCSIM
- Tutor: Analysis of Variable References and Discourse Markers,

                                                                                                    Proceedings of the 5th International Conference on Human Interaction with

                                                                                                    Complex Systems (HICS 2000) , Urbana, IL, pp. 27 -  31.

Yang, F., Kim, J., Glass, M. , and Evens, M. 2000b. Turn Planning in C

IRCSIM
- Tutor,

                                                                                                    Proceedings of the 13th International Florida Artificial Intelligence Research

                                                                                                    Society Conference (FLAIRS 2000) , Orlando, FL, pp. 60 -  64.

Yang, F., Glass, M., and Evens, M. 2001. Evaluation of the Tur n Planner in

                                                                                                    C

IRCSIM

- Tutor, Proceedings of the 17th International Conference on Advanced

                                                                                                    Science and Technology (ICAST 2001) , Chicago, IL, to appear.

Zhang, Y. 1991. Knowledge - Based Generation for an Intelligent Tutoring System , Ph.D.

                                                                                                    Dissertation, Illinoi s Institute of Technology, Chicago, IL.

Zhou, Y., and Evens, M. 1999. A Practical Student Model in an Intelligent Tutoring

                                                                                                    System, Proceedings of the 11th IEEE International Conference on Tools with

                                                                                                    Artificial Intelligence (ICTAI 1999) , Chicago, IL, pp. 13  -  18.

Zhu, V., Seneff, S., Glass, J., Hetherington, L., Hurley, E., Meng, H., Pao, C., Polifroni, J,

                                                                                                    Scholming, R., and Schmid, P. 1997. From Interface to Content: Translingual

                                                                                                    Access and Delivery of On - line Information, Proceedings of the 5th European

                                                                                                    Co nference on Speech Communication and Technology , Rhodes, Greece, pp. 2227

                                                                                                    -  2230.