USING JOINT ACTIONS TO EXPLAIN ACKNOWLEDGMENTS IN TUTORIAL

DISCOURSE: APPLICATION TO INTELLIGENT TUTORING SYSTEMS

BY

STEFAN BRANDLE

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

May 1998

Ó Copyright by

S. Stefan Brandle

1998

ACKNOWLEDGMENT

I wish to express my appreciation to the members of the C IRCSIM

-Tutor research

group who have taken this project from a twinkle in the eye to a useful running system.

Michael Glass deserves a special mention for his work in collecting and organizing our

documents, keeping the equipment running, and for bailing us out any number of times for

a great number of things. I owe great thanks to those who spent many hours categorizing

acknowledgments for me: Bhavana Vaidyanathan, Bruce Mills, Cecilia Widstrand, and

Farhana Shah. Deborah Kennell deserves credit for her editorial attempts to get me to

write in decent English. Last, Christina Fandrich gets credit for giving me the extra

incentive to get done.

I am now joining the veritable throng of Ph.D. success stories who owe special

thanks to Dr. Martha W. Evens, my advisor, for her patient guidance, support, and

friendship. Thank you.

This work was supported by the Cognitive Science Program, Office of Naval

Research under Grant No. N00014-94-1-0338, to the Illinois Institute of Technology and

the associated AASERT Grants to the Illinois Institute of Technology. The content does

not reflect the position or policy of the government and no official endorsement should be

inferred.

S.S.B.

TABLE OF CONTENTS

Page

ACKNOWLEDGMENT ................................ ................................ ...................... iii

LIST OF TABLES ................................ ................................ ............................... vi

LIST OF FIGURES ................................ ................................ ............................. vii

LIST OF ABBREVIATIONS ................................ ................................ ............... viii

CHAPTER

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

1.1 Problem Statement ................................ ................................ . 1

1.2 Intelligent Tutoring Systems with Natural Language Interfaces 2

1.3 Significance of Research ................................ ......................... 4

1.4 Goals ................................ ................................ ...................... 7

1.5 Organization of the Thesis ................................ ...................... 8

II. INTELLIGENT TUTORING SYSTEMS ................................ ........... 9

2.1 Tutoring ................................ ................................ ................. 9

2.2 Intelligent Tutoring Systems ................................ ................... 10

2.3 Natural Language Interfaces ................................ ................... 14

2.4 Circsim-Tutor ................................ ................................ ......... 17

III. DEVELOPING A THEORY OF ACKNOWLEDGMENT ................. 20

3.1 Linguistics and Discourse Theory ................................ ........... 21

3.2 Information Theory ................................ ................................ 34

3.3 Data Communication ................................ .............................. 38

3.4 Application to Natural Language ................................ ............ 45

3.5 Relevance of the Behaviorist Literature to Acknowledments ... 49

IV. CLASSIFICATION EXPERIMENTS ................................ ................. 51

4.1 Previous Work ................................ ................................ ....... 51

4.2 Data Collection ................................ ................................ ...... 55

4.3 Experiments in Classifying Acknowledgments ......................... 56

CHAPTER Page

V. A MODEL FOR GENERATING ACKNOWLEDGMENTS .............. 81

5.1 The Proposed Model for Generating Acknowledgments ......... 81

5.2 Machine Learning to Find Rules ................................ ............. 84

5.3 Rules for Processing Textual Input ................................ ......... 89

VI. ACKNOWLEDGMENTS AND THE STUDENT MODEL .................. 91

VII. THE SCREEN MANAGER ................................ ................................ 93

VIII. CONCLUSIONS ................................ ................................ ................ 110

8.1 Summary ................................ ................................ ................ 110

8.2 Significance ................................ ................................ ............ 110

8.3 Future Work ................................ ................................ ........... 111

APPENDIX

A. DATA FROM EXPERIMENT 1 ................................ ........................ 114

B. DATA FROM EXPERIMENT 2 ................................ ........................ 128

C. DATA FROM EXPERIMENT 3 ................................ ........................ 133

D. MACHINE LEARNING RESULTS ................................ ................... 144

BIBLIOGRAPHY ................................ ................................ ................................ 156

LIST OF TABLES

Table Page

1. Levels and Ranks ................................ ................................ .................... 24

2. Clark’s Levels of Language ................................ ................................ ..... 26

3. Sentences and Turns in K25-K28 ................................ ............................ 57

4. Acknowledgment Categories ................................ ................................ .. 58

5. Data Used to Calculate the Sample Kappa Value. ................................ ..... 64

6. Summary of Acknowledgment Categorizations ................................ ....... 64

7. Accuracy Statistics ................................ ................................ ................. 65

8. Reproducibility Statistics ................................ ................................ ........ 66

9. Closure Crosstabulation BV x BM ................................ .......................... 67

10. Judgment Crosstabulation BV x BM ................................ ....................... 67

11. Sentence- and Turn-Level Agreement on Occurrence of Acknowledgments 74

12. Sentence- and Turn-Level Agreement for BV and BM ............................ 75

13. Kappa Measure of Accuracy in Classification ................................ .......... 79

14. Kappa Measure of Reproducibility ................................ .......................... 79

LIST OF FIGURES

Figure Page

1. CST Generating Explicit Closure Message ................................ .............. 100

2. Signaling Closure by Changing Message on a Button .............................. 101

3. Issuing Signals to Coordinate Turn-taking ................................ .............. 102

4. Focus Shifted from Predictions Table to Dialog Window ........................ 103

5. Changing Prediction Table Highlighting to Guide User ........................... 104

6. Early CST Version 2 Screen ................................ ................................ ... 106

LIST OF ABBREVIATIONS

Abbreviation Definition

Cardiovascular

CC Cardiac Contractility

CO Cardiac Output

CVP Central Venous Pressure

DR Direct Response

HR Heart Rate

IS Inotropic State

MAP Mean Arterial Pressure

RAP Right Atrial Pressure

RR Reflex Response

SS Steady State

SV Stroke Volume

TPR Total Peripheral Resistance

Other

CAI Computer-Assisted Instruction

CST C IRCSIM

-Tutor

ITS Intelligent Tutoring System

NL Natural Language

CHAPTER I

INTRODUCTION

1.1 Problem Statement

Computers have erupted onto the human scene at an explosive pace. Most of the

public is aware of the constant advances in the capabilities of the computer; what they are

much less aware of is all the research required to make these advances possible. One of

the very challenging areas of research is the study of how computers can be taught to

interact with humans through the competent use of human language. This ability requires

the capability both to generate language that can be understood by humans and also to

process linguistic input from humans. A further complication is that linguistics has not

finished describing human language; the field is certainly not able to propose a complete

model of language use. The complete model then needs to be turned into a model suitable

for implementation in computer systems. This effort requires a tremendous amount of

research in essentially all areas of linguistics.

T his thesis describes research in a small, but significant, area of human-computer-

interaction (HCI) through natural language. It deals with the problem of how humans and

computers can coordinate their communication through the use of acknowledgments and

related phenomena. My primary goals are 1) to advance the understanding of coordination

in communication by drawing together information about how coordination is understood

in a number of different fields, 2) to describe coordination in tutorial dialogue, and 3) to

propose a model of how intelligent tutoring systems (ITSs) should generate

acknowledgments in language.

Human communication is powerful and successful, not entirely because of the

immediate accuracy in understanding utterances, but in part due to the ability of the

communicating parties to dynamically detect and correct problems as they arise.

Acknowledgments and associated communication mechanisms are key to this process of monitoring communication to determine whether the quality of the communication is

acceptably high. In studying natural language and human communication protocols, we

face the problem that by the time we are old enough to become interested in the

underlying mechanisms, those mechanisms have become so automatic that we have

difficulty observing them. As I study natural language, I supplement the direct study of

acknowledgments in our corpus of human communication transcripts by studying artificial

communication protocols and then applying that knowledge back to the study of human

protocols.

My natural language research group studies linguistic phenomena in the context of

the continuing development of an intelligent tutoring system, C IRCSIM -Tutor. This

intelligent tutoring system (ITS) uses natural language to tutor medical students on the

human blood pressure regulation system. One of the problems facing ITSs such as ours is

the loss of the subtleties of communication acknowledgment information such as facial

expression, gesture, speech volume, timing and intonation. That is, these systems must

deal with communication signal information loss. ITSs also face problems at higher

acknowledgment levels. For instance, they must deal with determining what to expect in

an utterance, recognizing whether an utterance matches what would normally be expected

in the context, and determining the implications of what is actually said and what is not

said. Accessing much of this information is beyond the current state of the art, but it is my

belief that we can do more with the information available to us; namely the text typed in at

the keyboard, some coarse timing information, and simple matching of inter-turn utterance

expectations with what is actually typed by the student.

1.2 Intelligent Tutoring Systems with Natural Language Interfaces

1.2.1 Dreams of Intelligent Tutoring Systems . Science fiction writers have

dreamed and written about computer-based education that would support high quality learning while accommodating individual student learning characteristics and scheduling

needs [Cherryh, 1988; McCaffrey, 1990].

Even more down-to-earth visionaries have projected dreams of cost-effective

intelligent tutoring systems ˘ modeled on effective human tutoring behavior ˘ which

would go beyond automated page-turning to support dynamic teaching customized for

each individual student. For instance, in a description of the ^College of Utopia", Edward

Lias speaks of round-the-clock availability, individually tailored textbooks, infinite

patience, and global geographic and demographic availability as some of the possible

benefits of introducing computers into education [Lias, 1982, p. 117, pp. 263-265].

1.2.2 Need for Effective Systems that Support Learning . At a meeting of the

ICTE (International Conference on Technology in Education) [Brandle, Smith, and

Robergé, 1996], I became aware that many organizations have massive ongoing training

needs, especially large organizations such as branches of our military. Many people hope

that ITSs can meet these needs by providing cost-sensitive, effective and flexible training.

That is the reason why the Office of Naval Research is actively supporting a number of

projects in ITS technology, including the C IRCSIM

-Tutor project at the Illinois Institute of

Technology.

Johnson [1988, p. 200], offers a list of typical reasons for seeking computer

assistance in learning: 1) high flow of students, 2) expensive real equipment, 3)

unavailable real equipment, 4) unsafe real equipment, 5) critical skill and knowledge must

be developed, 6) training conducted at remote sites, 7) low availability of instructors, and

8) need for high volume of recurrent training. One legitimate way of summarizing this list

of reasons for using computer-assisted instruction, is to present it as a search for means to

overcome limitations in resource availability. Intelligent tutoring systems are one of the

tools for overcoming limitations in resource availability.

Following is a list of important properties of intelligent assistants [Hoschka, pp. 2-

3]: 1) domain competence, 2) assessment competence, 3) learning and adaptive behavior,

4) processing imprecise instructions, 5) explaining abilities, and 6) cooperation support.

Each one of these properties is crucial to the success of ITSs. The natural language

interface ˘ and the study of acknowledgments ˘ enhances an ITS´s performance in five of

the six properties listed above: assessment competence, learning and adaptive behavior,

processing of imprecise instructions, explaining abilities, and cooperation support.

1.2.3 C IRCSIM

-Tutor . Several CAI programs have been developed in the

Physiology Department at Rush University. Rovick and Brenner, in 1983, developed

HEARTSIM on PLATO to assist students in understanding blood pressure regulation.

Joel Michael and Allen Rovick developed another program, CIRCSIM, in 1986, to teach

the physiological algorithms that allow comprehension of blood pressure regulation. Shim

[1991, p. 2] explains that although C IRCSIM was a "great advance in terms of Computer

Aided Instruction systems," it had to work with rigid tutoring plans and was not capable

of dynamically adjusting itself to the student. Michael and Rovick established a joint

project, C IRCSIM

-Tutor, with Martha Evens at the Illinois Institute of Technology to

develop a system that would overcome these problems by adding a student model, mixed-

initiative dialogues, and adaptive instruction.

The implementation focus of my research is the ongoing development of the

C IRCSIM

-Tutor interface.

1.3 Significance of Research

The Intelligent Tutoring Systems community agrees that we need more analysis of

dialogue and the area of acknowledgment has barely been touched. This study has

important implications for student modeling and other forms of user modeling. My

knowledge of computer communications has helped to shed light on this issue.

1.3.1 Need for Empirical Study of Acknowledgments in Human Tutoring .

Although various researchers have studied acknowledgments in human tutoring or

teaching (e.g., Sinclair and Coulthard [1975], Fox [1993], and Novick and Sutton [1994]),

and have made some published statements about empirical research on acknowledgments

(e.g., Spitkovsky and Evens [1993]), more primary research describing existing tutoring

acknowledgment behavior is needed [Graesser, 1996a]. My proposed study will help

advance research in human tutoring discourse by adding empirically-based descriptive

knowledge. This in turn may assist research in normative tactics for tutorial discourse.

1.3.2 The Loss of Bandwidth Issue in Student Modeling . Kurt van Lehn

[1988] states that "a characteristic shared by many ITSs is that they infer a model of the

student’s current understanding of the subject matter and use this individualized model to

adapt the instruction to the student’s needs" [p. 58]. He goes on to describe a "diagnostic

module" (elsewhere in the literature also called the student modeler) that attempts to infer

the student model by analyzing the student’s "observable behavior" [p. 58].

Van Lehn rates student modeler functionality in terms of a qualitative hierarc hy

based on the student modeler input. The student modelers are ordered on the basis of the

observable behavior (bandwidth) used to make inferences about the student model in

terms of bandwidth. The highest bandwidth corresponds to behavior that allows access to

approximate mental states, medium bandwidth allows access to intermediate mental states,

and the lowest bandwidth allows access only to final mental states. [pp. 58-59]. An

example is the observation of a chess player doing think aloud playing, versus seeing the

player testing moves by moving pieces around on the board, versus seeing only the final

actual move (the case with playing chess against a computer). A serious difference

between human tutors and an ITS lies in the amount of observable behavior, or available

information bandwidth. For instance, just in the area of verbal behavior, humans have

access to the speech intonation, rate, and stress behaviors jointly titled prosody ("a collection of phenomena relating to how sentences are spoken rather than what is spoken"

[Allen, 1995, pp. 625-627]), whereas ITSs are hard pressed just to identify what is

spoken.

I believe that we are losing information available to us in the input and wish to

assist in developing bandwidth enhancement techniques for natural language interfaces. If

we succeed in enhancing the available bandwidth, this added information should permit us

to perform more sophisticated student modeling.

1.3.3 Enhance the Natural Language Capability of ITSs . Just as ITS

capabilities in general are still quite limited [Woolf, 1990], so also is their Natural

Language processing power. Current systems can generate separate utterances, but they

are limited in discourse capabilities. One person who has contributed significantly in this

area is Alison Cawsey at the University of Edinburgh. In a paper titled "The Structure of

Tutorial Discourse" [Cawsey, 1989a, p. 1], she says:

most of this work has concentrated on the pedagogic issues of topic

control ... rather than on the linguistic structure of the text, or the detailed

structure of interactions. In Woolf’s thesis work, for example, a typical

terminal node in her discourse structure is ’describe general knowledge’.

Yet linguists have shown that a description has much internal structure, and

may involve interactions with the user within the description.

She continues on to describe other work as better, but still inadequate, and presents a

discussion on how all utterances are part of the overall "tutorial discourse." In other

papers, such as "A Computational Model of Explanatory Discourse: Local Interactions in

a Plan-Based Explanation" [Cawsey, 1989b], "Repair Work in Human-Computer

Dialogue" [Cawsey and Raudaskoski, 1990] and "Understandable Explanations: The

FUDGE Discourse Generator" [Cawsey, 1990], Cawsey continues the process of

examining tutor-generated discourse.

My work assists in enhancing ITS natural language capabilities by providing

additional knowledge regarding the generation and recognition of acknowledgments.

1.3.4 Contribute to Discourse Analysis by Applying Knowledge of

Acknowledgments in Data Communication Protocols . As discussed earlier, studying

language is quite difficult. This is partly due to the degree of fluency attained by

researchers. This fluency makes many aspects of language so automatic as to become

essentially invisible. In contrast, the domain of artificial communications protocols ˘

specifically, data communication protocols ˘ is very carefully designed and documented.

Acknowledgments are critical to successful data communications, and are consequently

well understood. Studying artificial communications protocols appears fruitful as a source

for finding mechanisms that might also apply to human communication.

1.4 Goals

1.4.1 Empirical Study of Acknowledgments in Human Tutoring . I use

discourse analysis techniques such as those detailed in [Sinclair and Coulthard, 1975] and

[Sinclair, 1993] to carry out the coding (tagging of interesting information in transcripts)

and study of transcripts of human keyboard-to-keyboard tutoring sessions. An advantage

of studying keyboard-to-keyboard sessions is that transmitted information is largely

restricted to the typed text, a limitation that closely parallels current ITS limitations and

simplifies the overall study. Conclusions based on these transcripts should be more

applicable to ITSs than transcripts of face-to-face tutoring sessions.

1.4.2 Generating Acknowledgments for the Tutee . From this study of human

transcripts, I have built a model of that tells when to issue an acknowledgment, what to

issue, and how to issue the acknowledgment.

1.4.3 Involving the Modeler . My work has many implications for student

modeling. This study of acknowledgments has shown that we need more information from

the student model. Expert tutors make use of a wide range of information about the student in delivering acknowledgments. This might even include some gross representation

of the student’s affective state.

1.5 Organization of the Thesis

Chapter II is an overview of previous researc h in intelligent tutoring systems,

including C IRCSIM

-Tutor. Chapter III presents a number of different approaches to the

problem of coordinating communication, including the study of both natural language and

artificial communications. It also proposes the idea that some forms of communication

coordination are inherent in the nature of information. Chapter IV discusses several

experiments in recognizing and categorizing acknowledgments and related phenomena.

Chapter V presents a model of communication coordination that is suitable for

implementation in intelligent tutoring systems. In Chapter VI, there is a short discussion of

how this model for communication coordination depends on the system´s ability to build a

pedagogical model of the student. Chapter VII addresses the role of coordination in

Circsim-Tutor´s interface module. Chapter VIII contains my conclusions and addresses

future research.

CHAPTER II

INTELLIGENT TUTORING SYSTEMS

2.1 Tutoring

The dictionary defines tutoring as ^To act as a tutor to; t o teach or instruct, esp.

privately,~ and a tutor is defined as ^One employed to instruct another privately in some

branch or branches of learning; a private instructor~ [ New Webster´s Dictionary , 1981].

Tutoring is teaching with the distinguishing feature that it is private ˘ or personal ˘

instruction. It is generally viewed as an opportunity for superior learning.

Forms of tutoring range from the very formal setting of a private tutor to the

extremely informal sessions of a parent attempting to teach a child how speak. The

essence of tutoring is one-on-one instruction characterized by significantly more

interaction than is normal in a typical teaching environment. A great degree of learner

engagement and the ability to probe the learning and provide immediate feedback are

among the reasons that tutoring is so successful.

This chapter touches on the history of tutoring, and then reviews the endeavor to

build electronic, computer-based tutors, which try provide the benefits derived from

instruction by human tutors. It considers the possibility of developing tutoring systems

that are capable of tutorial dialogue with humans, and in particular, the C IRCSIM

-Tutor

project.

2.1.1 The History of Tutoring . Tutoring has been a part of learning as far back

as our records of education go. One of the best known ancient tutors was Socrates, who

believed that the best way to attain knowledge was through a disciplined conversation that

he called dialectic. Socrates believed that by this process of ^intellectual midwifery~ (his

term), by asking questions, ^by progressively correcting incomplete or inaccurate notions,

one could coax the truth out of anyone~ [Stumpf, 1982, p. 37]. We still speak today of

this process as ^Socratic dialogue.~

At times in history, the popularity of tutoring reached the point that it became a

paradigm of instruction in mass education. For instance, the Bell-Lancaster system in early

nineteenth century England was one of the dominant forms of education [Allen, 1976, pp.

12-17]. This extremely successful learning system was based on using children to teach

each other. Many Bell-Lancaster students showed spectacular progress in learning.

Tutoring is used extensively today as a ^learning supplement.~ For example, our

own institution, the Illinois Institute of Technology, has tutors and teaching assistants who

assist other students with their difficulties in solving problems and mastering concepts.

Woolf [1990] cites claims of learning improvement of one standard deviation for

tutoring by ITSs compared to traditional teaching, vs. improvements of two standard

deviations for tutoring by human tutors.

My purpose here is not to try proving the benefits of tutoring; it is accepted by the

education community and the effectiveness of many different types of tutoring has been

demonstrated through numerous studies. (A good source of information and research on

tutoring is the 1980 book by Ehly and Larsen, Peer Tutoring for Individualized

Instruction .) My purpose is to start with the premises that tutoring is rightfully an

important part of learning, that quality feedback and learner engagement are among

tutoring´s ^active ingredients~ responsible for effectiveness, and lead the reader to

consider a few ways in which we might enhance the effectiveness of computers as tutors.

2.2 Intelligent Tutoring Systems

A lot of effort has been expended developing computer systems that can tutor

effectively, and then trying to improve on those systems. My goal in this section is to

consider some of the arguments for this work, and then to review some of the history of

computer-based tutoring.

2.2.1 Rationale for Computer-Based Tutoring . Robert Taylor in the

introduction to the book The Computer in the School: Tutor, Tool, Tutee [Taylor, 1980], argues that the computer can take on the three roles of tutor, tool, and tutee. In the tutor

mode, the computer is presented as a flexible tutoring system, but one which is relatively

crude and limited with a high ratio of hours spent in preparation to hours of instruction.

The ^computer as tool~ refers to its passive role supporting various tasks such as

calculation, statistical analysis, and word processing. By speaking of the computer as

tutee , Taylor refers to various forms of programming whereby students teach the

computer how to perform various tasks, e.g. tutoring other students, playing games, and

drawing maps. He argues that successfully teaching the computer to perform a task

induces higher quality learning. Intelligent tutoring systems would be categorized primarily

as tutors, but it seems that a well designed ITS could function in all three modes, whether

it operated in the different modes at different times, or even in all three simultaneously.

2.2.2 The History of Computer-Based Tutoring . Even though computers are a

recent development in our history, there have been numerous efforts to add them to our

set of educational tools. These have ranged from simple page turning systems to more

ambitious projects such as Plato, and CIRCSIM-Tutor, the project in which I am currently

involved.

Chambers and Sprecher [1984] present an overview of computer-assisted

instruction (CAI) from the late 1950s through 1980. CAI came to be used as a learning

supplement, especially for various forms of computerized drill. In many cases, whole

courses were developed, based on CAI. PLATO, the best known CAI system, provided a

custom authoring language called Tutor that supported learner directed learning as well as

traditional lesson plan sequencing. Chambers and Sprecher believed that CAI showed

promise; the first two points in their summary of CAI effectiveness evaluations are 1) "The

use of CAI either improved learning or showed no differences when compared to the

traditional classroom approach." and 2) "The use of CAI reduced learning time when

compared to the regular classroom" [p. 12].

The time line for intelligent tutoring systems frequently starts in 1970 with the

publication of Carbonell´s Mixed-Initiative Man-Computer Instructional Dialogues

[Carbonell, 1970].

Beverly Woolf, in "20 Years in the Trenches: What Have We Learned" [Woolf,

1990], compares the advances in the research and engineering of intelligent tutoring

systems to that of advances in architecture over the centuries. Woolf presents a picture of

slow but steady trial and error engineering enhancements of ITSs. A number of problems

have been solved, or turned out to be nonproblems, and even though a number of

problems remain to be solved (including "[effective inclusion] of student models,

qualitative reasoning, machine learning, hypertext, or multimedia" [p. 243]), she argues

that engineering will solve these in time, just as advances in architecture resolved their

unsolvable problems. A number of concerns that were thought to stand in the way of

success have been resolved. For instance, it was thought that the systems would be too

expensive to build. Woolf states that experience from the 1980s showed that ^once a

framework is established, several tutors can be produced in a rather efficient manner~ [p.

241]. She also addresses the question of preparation time needed and quotes Anderson´s

suggestion of 60 person-hours of preparation time per hour of training [p. 242]. One other

allegation was that intelligent tutoring systems would be no more effective than traditional

teaching methods. In response to this, Woolf says [p. 242]:

In fact, Anderson has shown these systems can be one standard deviation

more effective than lecture-style teaching methods (Anderson, 1988). For

example, in a programming course at Carnegie-Mellon University, an

intelligent tutor improved learning results, as measured by test

performance, by 43% and reduced learning time by 30%. Using traditional

lecture-style environments, students spent about 40 hours covering the first

six lessons of a LISP course. Using the intelligent tutoring system and the

lectures, students completed the lessons in only 15 hours.

It is a mark of the progress in ITSs that she complains "one standard deviation learning

improvement for intelligent tutors as compared with lecture-style teaching is not good

enough" [p. 243].Among the problems Woolf identifies, my work primarily addresses the

issue of advances in discourse, especially ITS response selection and generation [pp. 247-

248]. A secondary benefit is enhanced support for student modeling.

2.2.3 Issues in ITSs

Architecture . The typical ITS consists of four primary groupings of

functionality [Burns and Capps, 1988]: 1) the expert module contains information about

the problem domain (the knowledge base) and can perform various operations within that

domain, such as solving problems, 2) the tutor module ˙ an expert system in the

pedagogy domain ˙ plans sessions at various levels of detail and handles other

teaching/learning functions, 3) the student module is responsible for building a model of

what the student knows and is capable of performing, and 4) the HCI interface and

working environment do the actual communication with the user. My work relates

primarily to interface issues, especially the natural language interface.

Research Grounded in Application . Research into, and discussions of, theory

are essential; without a good theoretical grounding, we tend towards producing ad hoc

solutions of limited use. However, it is my belief that trying to implement theories into real

live systems is profoundly healthy for the theory. Success strengthens theory by adding

support to the plausibility of the theory. Failure strengthens theory by encouraging further

analysis of unsuccessfully implemented theories and by promoting survival of the fittest

theory.

Furthermore, many people pay little attention to primary research and theoretical

activity. Presenting working ITSs should promote further interest in implementing systems

and in supporting the theory and primary research behind them.

¯ Tests of Intelligence . Burns and Capps [1988] propose that ITSs must pass

"three tests of intelligence" [p. 1]: 1) they must become good enough experts in the

problem domain of instruction to reason and solve problems within that domain, 2) they

must be capable of deducing the student’s relevant knowledge within that domain, and 3)

the system’s teaching abilities must be effective enough to raise the student’s performance

towards the system’s own performance level within the problem domain.

2.3 Natural Language Interfaces

So why are natural language interfaces important for intelligent tutoring systems?

A good answer to that question could fill a book by itself, but let me start with a quote

from the official C IRCSIM

-Tutor history document [Michael and Rovick, 1996]:

By the late ’80s we realized that while CIRCSIM was an effective learning

resource for our students, there were many kinds of errors and

misconceptions that it was unable to remedy, in part, because it could not

detect their presence.

This conviction arose from the experience of tutoring students using

CIRCSIM and observing that even when few if any errors were made,

conversation with the students nevertheless revealed significant problems

with their understanding of the baroreceptor reflex.

It seemed to us that the solution to our problem would be the availability of

a program that could hold a conversation, a dialogue, with student while

they were engaged in solving a CIRCSIM problem.

This answer proposed that certain aspects of teaching, especially in tutoring, require better

communication capabilities than the typical ^ask a question, choose a response from

among those listed, provide feedback on the response~ or ^fill in the blank~ interaction.

Achieving more sophisticated tutoring requires more sophisticated communication.

Another part of the answer is that this is basic research in natural language

understanding and generation. This is one of the greatest areas of research that we face.

The task is daunting, but the rewards are significant. Any work that advances our understanding of natural language, and improves our ability to build systems with natural

language capabilities, is inherently worthwhile.

A third answer is that we would like to have a testbed for studying the effects and

effectiveness of different tutoring protocols. A serious experiment requires that the tutors

follow the protocols meticulously, but it can be hard to get humans to be sufficiently

consistent. An intelligent tutoring system, with sufficient natural language ability, could be

programmed to use any one of multiple protocols, and it would probably follow those

protocols more consistently that most humans. This would permit a rigorous comparison

of the pedagogical value of different tutoring protocols.

2.3.1 Text Generation: Canned Versus Dynamically Generated Output .

Canned text is text that is built into the program as a set of strings that are issued based on

a determination of what output is needed at a given time. An example would be the string

^No, heart rate does not increase, it decreases.~ A more sophisticated implementation

might store this as a template with slots for the variables. For instance, ^No, $variable

does not $change1, it $change2~, when combined with the parameters 1) heart rate, 2)

increase, and 3) decreases, would produce the same sentence as in the previous example.

The programmer would write code to call the function with different parameters,

depending on what output was desired. The problem is that this rapidly breaks down due

to the complexity of real language. Supposed I wished to have the system say ^No, neither

heart rate nor inotropic state changes.~ It is clearly impossible to use the template above

to generate this utterance, so a new template must be built. If the system developer wishes

to be able to generate a wide range of utterances, this need for new templates continues

until there is a large number of these templates, and even then there will be many

utterances that cannot be generated.

We would like to be able to issue arbitrary ^content specifications~, rather like

propositional statements, and have the text generator produce context-coherent dialogue.

In other words, we would like the underlying reasoning system, the planner, to issue

something like ^(negative-acknowledgment (change heart rate) (change inotropic state)~

and have the text generation subsystem produce say ^No, neither heart rate nor inotropic

state changes.~

This is a serious challenge. To the best of my knowledge, there is no existing

tutoring system that produces real-time, totally dynamically generated output. C IRCSIM -

Tutor does this successfully to a degree, but this reaching this goal will remain a challenge

for the foreseeable future.

2.3.2 Input Understanding: Constrained Versus Unconstrained Input .

Another natural language challenge that C IRCSIM

-Tutor takes on is the processing of

unconstrained input. By ^unconstrained~, I mean that the user is given a prompt and

unlimited space for typing, and is permitted to enter absolutely anything. Most intelligent

tutoring systems allow the user to select from among several choices by clicking on one of

the choices. This keeps input processing very simple. A slightly more sophisticated system

will permit the user to type in a word, a phrase, or an equation. This is more difficult to

process, but it is still much simpler in that the questions are constructed so that there are

usually only a few possible answers; the input understander only has to match it against

the set of ^official~ answers to determine correctness, and to judge the answer correct, it

usually demands an exact match against one of the official answers.

C IRCSIM

-Tutor takes on a bigger challenge than these other systems when it

permits unconstrained input. It tries to accept as valid any answers that a human tutor

would accept as valid. That includes recognizing close synonyms, processing variant word

order, performing spelling correction to compensate for the frequent typing errors, and

judging whether to accept answers that are almost, but not exactly, right. To further

complicate the task, the system has to deal with user initiatives. Imagine the following

sequence of tutorial dialogue turns:

Tutor: ^What are the determinants of cardiac output?~

Tutee: ^How complicated an answer do you want?~

Tutor: ^Just name those prediction table variables that determine cardiac output.~

In this case, the tutee did not answer the question asked. Instead, the person initiated a

new topic with a request for clarification of the original question. An intelligent tutoring

system with unconstrained input has to deal with this sort of input as well, a very difficult

task.

2.4 C IRCSIM

-Tutor

2.4.1 History of C IRCSIM

-Tutor . Researchers in the Physiology Department at

Rush University have developed several CAI programs to enhance the learning of their

medical students. Rovick and Brenner, in 1983, developed HEARTSIM for PLATO to

assist students in understanding blood pressure regulation. Michael and Rovick developed

another program, CIRCSIM, in 1986, to teach the physiological algorithms that allow

comprehension of blood pressure regulation. Although CIRCSIM was a great advance in

terms of Computer Aided Instruction (CAI) systems, it had to work with rigid tutoring

plans and was not capable of dynamically adjusting itself to the student. Michael and

Rovick established a joint project, C IRCSIM

-Tutor, with Evens at the Illinois Institute of

Technology to develop a system that would overcome these problems by adding a student

model, mixed-initiative dialogues, and adaptive instruction. For more detail on the history

of C IRCSIM

-Tutor, see [Michael and Rovick, 1996].

2.4.2 Domain & Domain Issues . The goal of the tutoring is that the students

develop a usable understanding of blood pressure regulation by the barroreceptor reflex.

This reflex is activated as blood pressure increases or decreases. The central nervous

system is notified and commands changes in parts of the blood circulatory system in order to maintain steady blood pressure. Unless the blood pressure perturbing factor

overwhelms the system, this mechanism will maintain an approximately steady blood

pressure.

The students are presented with a model of the blood pressure system that

abstracts the response mechanism as the changes in seven variables measured during three

phases: 1) Direct Response (DR), the change in the variables induced by the perturbation,

2) Reflex Response (RR), the change induced by the central nervous system intervention,

and 3) Steady State (SS), the change in the variables relative to their values before the

perturbation. The seven variables are as follows:

1. Inotropic State (IS) ˘ the ion state (ion density) in the heart muscle. It

determines the heart muscle contraction force.

2. Central Venous Pressure (CVP) ˘ the pressure of the blood returning to the

heart.

3. Stroke Volume (SV) ˘ the volume of blood pumped out of the heart per stroke.

SV is determined by CVP and IS.

4. Heart Rate (HR) ˘ the number of heart beats per minute.

5. Cardiac Output (CO) ˘ the volume of blood pumped out of the heart per

minute. CO=SV*HR.

6. Total Peripheral Resistance (TPR) ˘ a measure of resistance to blood flow.

7. Mean Arterial Pressure (MAP) ˘ blood pressure in the arteries. MAP=CO*TPR.

2.4.2.1 Information about the Tutoring Protocols. A tutoring protocol

is a set of rules about how tutoring is performed. The protocol our tutors currently use is

as follows:

Solve the Direct Response (DR) stage

Collect & tutor the primary variable

First collect the student´s prediction for primary variable and its value

Then tutor the primary variable and/or its value as needed

[Student must get this right before proceeding]

Collect & tutor the rest of the prediction table variables for DR

First collect all the student´s predictions for the rest of the variables

After all the predictions are collected, tutor those predictions as needed

Solve the Reflex Response (RR) stage

Collect & tutor all the prediction table variables for RR

First collect the student´s predictions for all prediction table variables

After all the predictions are collected, tutor those predictions as needed

Solve the Steady State (SS) stage

Collect & tutor all the prediction table variables for SS

First collect the student´s predictions for all prediction table variables

After all the predictions are collected, tutor those predictions as needed

It is important to understand that under the current protocol the tutor carefully avoids

making any judgment about the predictions until all predictions have been collected; the

exception is the primary variable in DR. Consequently, the tutor´s utterances are intended

as judgments only when collecting the primary variable in DR and during the tutoring

phase in each stage after collecting all the predictions. By contrast, closure and repair can

and do occur at any point during the tutoring session. This restriction on judgment is one

of the main ways in which the current protocol (Protocol 3) differs from the previous

protocols. During the tutoring phases, the tutor may also go fishing for possible problems

in the student´s understanding. For more details about the three protocols see [Khuwaja,

1995].

2.4.3 Previous Work . Members of the C IRCSIM

-Tutor project have studied

different aspects of tutoring language. Hume [1995] studied hinting; Shah [1997], studied

student initiatives and the tutor´s responses; Sanders [1995] demonstrated the need for

multiturn discourse planning; Freedman [1997] developed rules to describe discourse

generation at several levels.

CHAPTER III

DEVELOPING A THEORY OF ACKNOWLEDGMENT

I started my study of acknowledgments in the laboratory rather than the library. By

this I mean that rather than proceeding to the library to study the many branches of

linguistics, behavioral sciences, and other disciplines, I sat down with tutoring transcripts

on one part of a table and a computer with a running word processor on another part of

the table, and started reading through the transcripts while performing type aloud thinking

into the word processor. This approach to research poses the danger of inducing wild

flights of speculative fancy in the mind thus unencumbered by the accumulated knowledge

available in each discipline. On the other hand, it also offers the possibility of performing

uncontaminated thinking ˘ based on real data ˘ that leads to a set of beliefs which are

owned by the thinker and form a basis for reacting to the existing research and belief sets.

Another advantage of this uninformed thinking is that the researcher has what is

sometimes described as a "sufficient level of ignorance" to ask and follow some of the

right naïve questions ˘ questions that a more sophisticated thinker might discard, a priori,

as invalid, silly or unproductive. While doing this preliminary thinking, I was impressed by

the complexity of conversational behavior. For instance, the minimal utterance "OK" can

mean "I acknowledge hearing what you said," "I understand what you said," or even "I

agree with what you said." Then there are the questions about why the speaker uttered the

string "OK," rather than any of the other strings that could have been chosen instead. It

became progressively apparent to me that if I wanted a small field where I could do some

quick research, wrap up a nice clean answer and call the case closed, this was not the

place to be. However, I also concluded that providing even a modest effort in helping

advance our knowledge of this very complex topic was worthwhile.

Once I had developed some ideas about what was happening with

acknowledgments, it was then time to start doing library research to discover what other

people had studied and concluded about this area of research. This chapter is about some

of the discoveries from the library side of my research, and my reactions to what I read.

The next chapter, Chapter IV, is about some of the applied research that I did, going back

to the laboratory to attempt to get a better grasp on what was actually happening in

tutorial dialogue, and what it meant.

I struggled a lot while writing the research chapter because I kept trying to

introduce all the interesting authors and ideas that I had encountered. In the end, I went

through and ruthlessly eliminated all but a few authors who seemed to bring the clearest

contributions to my study of acknowledgments.

The following sections cover subdi sciplines or areas of inquiry that have influenced

my analysis of acknowledgments in human-to-human tutoring transcripts.

3.1 Linguistics and Discourse Theory

This section of the chapter presents a quick overview of some of the work in

linguistics and discourse theory that I consider useful for the study of tutorial dialogue and

acknowledgments.

3.1.1 Conversation Analysis . On the library side of my studies, I discovered

Conversation Analysis (CA). A good introduction is presented in a book with the

promising title, Computers and Conversation [Luff et al., 1990]. In the chapter "On the

Analysis of Interaction: An Introduction to Conversation Analysis," Robin Wooffitt

[1990] introduces a subfield of language studies that seems highly relevant to my study of

tutoring discourse behavior.

According to Wooffitt [pp. 10-13], CA started out in the social sciences in the

1960s as Harvey Sacks worked with recordings of incoming telephone conversations at a

suicide prevention center. He noticed a case in which, when the support person identified himself, the caller demonstrated a sudden apparent difficulty in hearing. Sacks came to

wonder whether the caller was using this behavior to avoid giving his name in response.

This led to further investigation of the ways in which speakers use utterances to achieve

goals in communication with others. Sacks decided that human utterances are carefully

crafted to some purpose and his goal was, as Wooffitt says, "to describe these procedures:

to explain how a speaker came to use these words, in this way, on this occasion." [p. 12]

Wooffitt also points out that Sacks was very careful to clarify that he was

describing verbal behavior and not delving into any analysis of putative psychological

processes behind the verbal behavior [p. 12]. "CA deals primarily with regular patterns of

conversational behaviour, and the object of analysis is to describe the systematic structural

characteristics which underpin particular phenomena." [p. 20]

Harvey Sacks and his colleagues, Emanuel Schegl off and Gail Jefferson,

established no codified set of prescribed methods. Wooffitt explains [p. 35]:

Conversation analysts try to describe the methods which people themselves

use to make sense when they talk to each other. Analysis of empirical

materials proceeds without theoretical speculation as to the nature of

conversation.

He adds that one cannot simply apply CA "and the results come flooding out" [p. 35], but

that it is the result of "rigorous and painstaking examination" [p. 36]. This makes sense in

that numerous other domains have problems that cannot be solved by numeric brute force

(e.g., Ackermann’s function in mathematics [Taylor, 1998, pp. 233, 298-299]), but which

require careful analysis and thought before achieving results.

An important part of the CA tradition is the practice of always presenting the

original data when discussing any results. This public availability of data helps ensure the

validity of the conclusions. I believe that this practice is important and will endeavor to

follow it by including significant amounts of original data in the appendices.

The relevance of Conversation Analysis to my studies is that it presents examples

of how to study tutorial discourse, but more importantly, a number of researchers working

in tutoring draw on these ideas (e.g., Barbara Fox, [1993]).

3.1.2 Discourse Analysis. Sinclair and Coulthard [1975] speak of how the

mainstream of linguistics then tended to consider only problems within clauses, focusing

on phonology, morphology, and intraclausal grammar. Sinclair and Coulthard state that

though these studies brought significant linguistic progress, they were not a complete

study of language. In particular, they generally ignored the study of language above the

^rank of the clause~ and paid little attention to context, both verbal and non-verbal. The

transformationalists, in particular, performed little interclausal study.

In contrast, Sinclair and Coulthard were more interested in superclausal language,

and paid a lot of attention to the verbal and non-verbal context. They mention how the

path was opened for the discourse analysis by the insistence of the Generative Semantics

Movement ˙ Ross, the Lakoffs, and McCawley ˙ that context is needed to understand

utterances. Sinclair went further and argued that it was not possible to really understand

an utterance without a thorough knowledge and understanding of the context. Various

people in England, including Coulthard, were unhappy with the linguistic complexity

approach used for studying language in schools, and were developing alternative methods

of testing the functional power of a child’s linguistic abilities. Sinclair and Coulthard

brought this together with emerging work in the analysis of conversation, resulting in a

research project to study linguistic aspects of teacher/pupil interaction.

The upshot of Sinclair and Coulthardt’s work was that they developed a fairly

sophisticated system of analysis to describe schoolroom discourse, a system which should

also be applicable to tutorial discourse. (They attribute much of their methodology to

Halliday’s Categories of a Theory of Grammar .) The basic hierarchy they used consists of

the following structures [pp. 24-27]: 1) lesson, 2) transaction, 3) exchange, 4) move and

5) act (see Table 1 ). In effect, they developed a grammar that describes the structure of

pedagogical discourse. For instance, the lesson is an unordered series of transactions; a

transaction is described as an ordered series of exchanges of the form: Preliminary

exchange, one or more Medial exchanges, and a Terminal exchange. Exchanges are

classified as either Boundary (marking the boundary of a lesson part), or Teaching, which

covers a number of sequences such as Initiation by teacher, Response by student, Optional

Feedback, and so on.

Although Sinclair and Coulthard do not quite go that far, it seems possible that a

formal grammar of tutoring might be developed, one which describes the grammar rules

by using notation similar to that used to describe formal languages, e.g., BNF or

equivalent notations used in computation theory [Taylor, 1998; Lewis and Papadimitriou,

1981]. The complexity of discourse makes it unclear how specific such a grammar could

get, due to the constraints imposed by context. Even if we can´t develop a ^unified general

grammar of everything~, more detailed descriptive grammars should be possible within

restricted domains.

Table 1 . Levels and Ranks

Non-Linguistic

Organization Discourse Grammar

course

period LESSON

topic TRANSACTION

EXCHANGE

MOVE sentence

ACT clause

group

word

morpheme

The significance to my research of this work in discourse analysis is twofold: 1) I

believe Sinclair and Coulthard provide a way of looking at discourse that contributes to

building a useful foundation for the study of tutorial discourse, and 2) many other

researchers interested in tutorial dialogue (e.g., Alison Cawsey) come from the discourse

analysis tradition and use it in their study of human discourse, and the application to

computer generation and understanding of dialogue. Studying discourse analysis renders

their research more understandable.

3.1.3 Joint Action Theory. Herbert Clark, in his new book, Using Language

[Clark, 1996], claims that "Language use is really a form of joint action ." [p. 3] and

spends the rest of the book presenting a case for this statement. He doesn’t devote much

space specifically to acknowledgments per se, but the material that he discusses under

other labels such as signaling [pp. 155-190] actually represents the use of embedded

acknowledgments and presents a useful framework for studying both discourse in general,

and acknowledgments in particular. Before going into detail on his contributions to my

study, I wish to make two important observations about this book: 1) it is the most

comprehensive description of the use of language that I have seen; indeed, several people

who attended the 1996 annual conference of the Society for Text and Discourse ˘ where

Clark was the opening speaker ˘ had recommended his work to me (which led to an email

exchange with him that changed the direction of my research), and 2) Clark places an

emphasis on language as a situated joint action, that is very useful when considering the

linguistic context of tutoring.

One of his six foundational propositions regarding the use of language is ^The

study of language use is both a cognitive and a social science~ [p. 24]. He argues that

using language is like playing a piano duet; there are individual performers who are

producing individual performances and can be studied that way, but one must also study

the performers as a pair. Studying either activity without the other yields only a partial understanding of what is happening. Clark suggests that cognitive scientists (this would

also include most linguists) tend to study the individual performance, without

consideration of the joint coordinated activity, and that social scientists tend to study

language mainly as a joint activity, without consideration of the individual performances.

Clark present s discourse as a joint activity co m posed of joint actions . He focuses on the

mutual coordination of their individual actions by the participants in linguistic activity.

Following is a set of terms ˘ relevant to my studies ˘ that Clark uses, along with

explanations as needed.

· Levels . Clark´s model of linguistic joint actions states that there are concurrent

joint actions taking place on four separate levels (summarized in Table 2 ) . From the lowest

level to the highest, they are: 1) The s peaker presents a signal and the addressees attend to

the signal. 2) The s peaker signals something to the addressees, who identify the signal. 3)

The s peaker signals that p , and the addressees recognize that the speaker means p . 4)

Speaker proposes a joint project and the addressees take up the proposal [pp. 148-151].

The action at each of these levels is performed in order to make possible the action at the

next higher level, i.e. , the speaker presents a signal in order to signal something, in order

to signal that something, in order to propose something. The addressee attends to the

signal in order to identify the signal, in order to determine what the speaker means to

communicate, in order to be able to take up the proposal. To provide an example, if I wish

to have someone fetch me a sandwich, I can generate a set of vibrations in order to

Table 2 . Clark’s Levels of Language

Level Speaker Listener

4 Proposes joint action Takes up proposal

3 Signals that p Recognizes speaker means p

2 Signals something Identifies the signal

1 Presents signal Attends to the signal generate the signals for the sentence ^Please get me a sandwich~, in order to signal that I

would like the person to fetch me a sandwich, in order to get that person to fetch me a

sandwich. The intended recipient of the message attends to the sound I´m generating, in

order to determine what words I´m trying to signal, in order to determine what it is that I

wish to communicate, in order to be able to decide whether to take up my request and

fetch me the sandwich as requested, or perhaps to decline the request.

· Joint Action . This is an activity that results from the coordinated actions

between individuals.

· Discourse Coordination . "There is coordination of both content , what the

participants intend to do, and processes , the physical and mental systems they recruit in

carrying out those intentions" [ p. 59]. Clark says that joint actions can be divided into

phases ˘ entry, body, and exit ˘ and the phases are what get coord i nated. Entries and exits

are coordinated by syntactic, mo r phological, and intonational markers.

· Closure . A joint action is complete when there is a mutual recognition of

closure on that action. "It is a fundamental principle of intentional action that people look

for evidence that they have done what they intended to do." [ p. 222] He restates Norman’s