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ABSTRACT

AutoTutor is a computer tutor system that simulates
the discourse patterns and pedagogica strategies of
human tutors. AutoTutor engages the learner in a
natural language conversation on atopic, presenting
guestions, posing problems, answering questions,
providing information and other tutoring dialog
moves. AutoTutor is presently designed to assist
college students in learning the fundamentals of two
domains (computer literacy and conceptua physics).
The system architecture alows it to maintain
domain independence.
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INTRODUCTION

In 1996, the Tutoring Research Group (TRG) at the
University of Memphis began to build the first
intelligent tutoring system for the domain of
Computer Literacy. The gods from the outset of the
project were to develop a computer tutor that would
simulate human tutors [3], [5], [6], [18]. To thisend,
AutoTutor has been developed and continues to
evolve simulating the dialog moves of human tutors,
al the while sill maintaining a general system
architecture that allows it to be domain independent.

SYSTEM OVERVIEW

AutoTutor works by having a conversation with the
learner, and is visualy manifested as atalking head
that is a dialog partner for the student, asis seenin
figure 1. AutoTutor and the student work together
on properly answering the main question or problem
which appears in the upper right hand box (see
figure 1). Students respond by typing their answers
into the text entry box on the lower right-hand side
of the screen, and a didog history box is presented
underneath the talking head, on the lower left, for
review as needed.

After the student provides an initia answer to a
problem or man question, AutoTutor and the
student engage in a multi-turn mixed-initiative
dialog to collaboratively construct the best possible
answer to the question or problem presented.
AutoTutor questions, provides feedback, delivers
hints, prompts the student for specific information,
gives missing information, and answers student
questions, which all model the didog moves of
human tutors. These conversations on a particular
problem typically last in excess of 20-30 turns and a
tutoring session consists of the coverage of 512
problems or questions.

AutoTutor is designed to potentially tutor on a
variety of topics (presently the system handles
computer literacy and conceptua physics at the
college level). AutoTutor resides on a Pentium-
based server platform, delivered across the web so it
may reach the widest audience possible. The system
is comprised of many modules and utilities as will
be described below.



Log of presvious turns

Suppose a boy is in a free-falling elevator and he holds his keys
motionless right in front of his face and then lets go. What will
happen to the keys? Explain why.

Type your rezponse here;

Student: The ke;Js will remain in frant of his face, because hoth objects ;I |
are in a state of freefall

Tutor: LIm, what else can you say about it?
Student The keys and the boy hawve equal acceleration due to grawvity J

Tutor: Right

Tutar:

Tutor: What about the acceleration of the ohjects involved?

Tutar:

Student: itis equal =

Settings... |

Figurel. AutoTutor Interface

MODULESAND UTILITIESOF
AUTOTUTOR

To facilitate al of the aforementioned gods,
AutoTutor is comprised of 9 major components: (1)
avatar/client module, (2) assessment module, (3) a
speech act classification module (SAC), (4) Latent
Semantic Anaysis (LSA) utility, (5) a dialog
management module, (6) a question answering
utility (QUEST), (7) a curriculum script utility, (8)
parser utility, and (9) a log utility. Many of these
components have been discussed in previous
publications, and therefore, will be mentioned
briefly in this paper [1], [3], [7], [8], [11], [12], [19],
[18], [19].

Avatar/Client Module

AutoTutor uses a three-dimensional animated agent
that remains on the screen during the entire tutoring
sesson, to deliver the tutoring dialog moves,
gestures, and proper emotions. It was created using
Curious Labs Poser 4 and is controlled by Microsoft
Agent software. Didog moves used by
Why/AutoTutor during the tutoring sesson are
synchronized with the agent’s head movements,
facia expressions, and hand gestures and serve both
conversational and pedagogical functions [13].

The animated agent is embedded in a thin client that
is delivered via web browser to the user of the
sysem. This design dlows al of the system
architecture and computation demands to reside on
remote servers alowing AutoTutor to reach a wider
audience. Tutoring session data transfer can occur
over a 56K modem connection in red time.

Speech Act Classifier Module

and Parser Utility

When students interact with AutoTutor, their input
is constrained to typing their conversational turns
into a text entry box on the interface and submitted
by hitting the “Enter” key. Upon submission
AutoTutor analyzes for student initiative. That isto
say, AutoTutor attempts to determine whether the
student was providing an answer, asking a question,
wanting the tutor to repeat, or expressing a lack of
understanding. The Speech Act dassifier module
(SAC) of AutoTutor does this using a sentence
parser (Sekine's Apple Pie Parser [17]) utility and a
series d rules and transformations that decide into
which category the student’s contribution falls. The
SAC assigns the student’s input into one of 23
speech act categories, including assertions, meta-
cognitive statements, meta-communicative



datements, and 17 question categories. These
speech act categories enable AutoTutor to sustain
mixec-initiative dialog as well as dictate how it will
generate pedagogically effective and
conversationally appropriate dialog moves.

Curriculum Script Utility

AutoTutor begins each tutoring session by
introducing the functionality of the system, and then
begins tutoring the learner using material found
within the curriculum script utility. The curriculum
script utility is a database of organized concepts,
misconceptions, good answers, bad answers,
teaching points, and question-answer units of
various types. The curriculum script utility servesto
organize the topics to be covered during the tutoring
sesson. This content takes on the form of word
phrases, sentences, questions, and paragraphs in a
structured database, and is one of the few domain
specific components.

Assessment Module

and Latent Semantic Analysis Utility
AutoTutor’s assessment module, using the Latent
Semantic Analysis (LSA) utility, assesses student
contributions and decides which portions of the
ideal answer for the problem are missing from the
student’s contributions. In AutoTutor, we compare
material found within the curriculum script utility to
the student’s contributions using LSA, a datistical
technique that measures the conceptual similarity of
two text sources [1], [8], [9]. We have found LSA
to be accurate in assessing student turns, after it is
pre-trained on a set of information for the domain on
which the student is being tutored [5], [19].

Question Answering Utility (QUEST)

In order to answer avariety of student questions, the
question answering utility of AutoTutor (QUEST)
engages the speech act classifier module, the parser
utility, and relevant query concepts. By doing so, it
returns a relevant answer derived from an electronic
textbook that is entered into the utility. QUEST can
deal with a variety of questions, including deep
comprehension questions, and depending on what
the student asks, it can answer in terms of
definitions, examples, causes, effects, and opinions
about phenomena and concepts.

Dialog Management Module
To  deliver  pedagogicdlly  correct  and
conversationaly  appropriate  didog  moves,

AutoTutor uses a complex set of production rulesto
select which didog pathways it should use [14].
The dialog management module, using these
production rules and previousy gathered
information, determines the proper dialog move to
continue the conversation in the appropriate tutorial
manner.

When a student contribution is first receved,
AutoTutor determines student initiative using the
SAC module and the context of the previous
AutoTutor turn.  AutoTutor then assesses the
student’s contribution quality in relation to the
curriculum script as needed. The module adapts to
student initiative and transitions to the next dialog
pathway. This pathway may either continue with the
tutoring lesson plan, as proscribed by the production
rules and curriculum script, or respond to the
student’s initiative by answering the student’s
question.

L og Utility

All the information generated and gathered by the
system and the student user is written to a database
by the log utility so that analyses of the tutoring
sessions can be analyzed later on in detail.

DOMAIN INDEPENDENCE

Many intelligent tutoring systems have been hand
crafted and designed only to handle one domain.
From the beginning AutoTutor has been kept
modular in nature in order to potentialy
accommodate almost any topic for tutoring. This
has largely been motivated by the fact that human
tutors make use of similar or universal dialog moves
that appear to be domain independent [2], [4], [10],
[16]. The only difference that arises across these
tutoring sessions is the content of those dialog
moves. To make this concrete | provide an example
below:

1) What can you say about the forces acting on
the object?

2) Could you tell me more about the
interaction between the neutron and the
proton?

The two examples superficially appear to be
different, and at the content level they are. Example
1is in the physics domain and example 2 is from
chemistry. If one examines their function in a



tutoring session, we would find that they are
equivalent in nature. Both hint a information that
the user is missing in their answer to a problem or
question. So while content maybe different the
mechanics of tutoring adhere to universal principles
and thus these principles are modeled in the
architecture of AutoTutor.

As would be expected, the tutoring components of
AutoTutor are domain independent and consist of
the avatar/client module, assessment module, speech
act classfication module, dialog management
module, parser utility, and the log utility. The other
three components require domain content in order to
function. The questionranswering module pulls
answers from its bank of information and thus needs
domain specific content. The question-answering
utility requires an electronic text of information on
the topic, preferably in the form of an eectronic
textbook that has the content on which the student
will be tutored. The curriculum script utility is a
nontrivial component of the system, for it contains
the organized, domain specific lesson plan that
AutoTutor will draw from in order to tutor the
student. All of the materiasin the curriculum script
utility thus need to be changed when AutoTutor
tutors in another topic area.  The Latent Semantic
Andysis utility, while domain independent in
nature, requires a body of domain information in
electronic text form to pre train the system in
advance of the tutoring sesson. This domain
content is crucial so AutoTutor can properly assess
answers on their quality.

CONCLUSIONS AND FUTURE WORK

It is in this manner that AutoTutor has maintained
domain independence, alowing it to be changed in a
rdatively short amount of time across domains.
Current work is being executed to build authoring
tools to scaffold novice users in  switching
AutoTutor over to a new domain. This would
ultimately alow a teacher to set up automated
intelligent tutoring for any topic needed for the
student, thus alowing AutoTutor to touch an even
wider audience
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