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Abstract

Collecting the course material is an important task
in intelligent tutoring systems (ITSs), and a tool for
collecting such information is needed. We propose a
knowledge acquisition method to do this work for an
ITS which uses a knowledge base to store the teach-
ing material. Knowledge acquisition can be basically
divided to three research issues: knowledge elicita-
tion, knowledge representation, and knowledge organ-
ization. By focusing on these three concepts, we ez-
plain how these can be implemented to an authoring
system for ITSs.

1 Introduction

Intelligent tutoring systems (ITSs) use a great
amount of information to present a subject for a stu-
dent to learn. In the process of teaching, an ITS is
capable of showing the course material to the student
and to judge if the student has mastered the subject
or not. Depending on whether the student has learned
the subject right, a next lesson will be presented. How
to construct the content of teaching is a challenging
work. The teaching material to be collected include
what subject to teach, what concept for the students
to learn, what examples to use, and how to present
the material.

The ITS model that we use consists of a user mod-
eling module, a knowledge base, and a user interface.
The user modeling module is to model different users
into different user models, so that the system can inter-
act with different users with tailored responses. The
knowledge base have two parts — one for lessons to
present and the other for ways to use the lessons. The
user interface is to show the output produced by the
knowledge base according to the user model and to
gather the input from the user to the user modeling
module and the knowledge base.
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Thus, the task of collecting the teaching mater-
ial can be viewed as a knowledge acquisition activ-
ity. Knowledge acquisition consists of three research
issues: knowledge elicitation, knowledge represent-
ation, and knowledge organization. We propose a
method of implementing these tasks into a system
which can be used for an ITS for collecting the course
material. This paper focuses more on the knowledge
representation issue.

Some researchers have suggested that an environ-
ment for developing an ITS is needed [1, 2]. A method
only focusing on constructing a knowledge base for an
ITS is also proposed [3]. Our approach is focusing on
constructing a knowledgeé base which contains the les-
sons to teach, the method to use the lessons, and the
policies to choose the successive lessons.

We use the following three sections to present how
we incorporate the concept of knowledge elicitation,
knowledge rtepresentation, and knowledge organiza-
tion in building a system for collecting the content of
ITSs. The fifth section presents an example and our
prototype which implements this approach. The final
section gives a brief conclusion and future direction.

2 Knowledge Elicitation

The research in knowledge elicitation has been con-
ducted for years [4, 5]. There are different techniques,
such as interviewing, inductive learning, explanation-
based learning. For our needs, we need to have a
knowledge elicitation tool which can be used to collect
information on teaching material and we have chosen
interviewing. The reason for choosing interviews as
our knowledge elicitation method is that it is simple
enough to construct a rule-base system which can im-
itate a system developer to collect course material.
Our approach takes the following three phases:

1. stepwise decomposition

2. concepts, examples, questions gathering



3. teaching strategies formation

The first phase is to decompose a given problem, so
that the work in the second phase can be performed.
The main idea is that the problem can be decomposed
to sub-domains, and the sub-domains can be decom-
posed further to sub-sub-domains. This concept is
similar to requirements analysis in software engineer-
ing, and the idea of having a knowledge-based support
is presented in [6]. The knowledge base contains ques-
tions to ask user for decomposition of the problem.

The rules for guiding the user in defining the sub-
domains are simple and organized as IF-THEN rules
in the knowledge base. The rules are to ask the user
if the problem can be categorized into sub-domains.
If the user answers yes, then the original domain is
decomposed according to the categories defined. The
decomposition process is repeated until the user can-
not come up with more categories. The categories
and sub-categories are organized as a hierarchical tree,
which is further discussed in the next section.

The second phase is to collect the content of the
teaching material. The system uses a dialog box men-
tioned above to interact with the user for concepts,
examples, and questions. The categories produced in
the first phase will be followed to guide the user to
enter the necessary information. First, a concept will
be asked, and then the user is encouraged to enter
as many examples or questions associated with the
concept. ‘

The teaching strategies for the subject will be ob-
tained in the third phase. The user is to decide what
order each lesson should be presented, how the quizzes
will be used, how the scores are to be interpreted, how
the lessons should be reintroduced, etc. This inform-
ation will be used by the ITS to present the lessons.

3 Knowledge Representation

The choice of a knowledge representation method
depends on what knowledge to depict. In this re-
search, we are interested in the lessons and the teach-
ing methods which include how to present the teach-
ing material, how to grade the student response, and
how to choose the successive lessons. The mater-
ial to present may include texs, graphics, animation,
and audio. The lessons are related to each other,
and they can be categorized as concepts, examples,
and questions. With these concerns, we chose the
frame representation which can be implemented in an
object-oriented approach, which provides the ability
in modeling hierarchical and horizontal relations us-
ing classes.

We use three classes to organize the information de-
scribed above — the concept class, the question class,
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and example class. These three classes are built on
a common class, called the basic class. The following
subsections explains what classes we use in order to
represent those concepts.

3.1 Basic Class

The basic class is used for modeling most detailed
information and it is combination of three classes —
the KBfile class, the list class, and the node class. Data
are organized as linked list and defined as the basic
class. These classes are shown in Figure 1 which uses
solid lines for the inheritance relationship and dashed
lines for usage. The content of each class is discussed

below.
KBfile | _ List ~ Node
Class Class Class
‘ G
’I
Example uestiol Concept
[ Claslg. ] QClass I Classp}

Figure 1: Basic class and other classes

The most primitive class is the node class, which
defines the data structure to hold the information
gathered. Asshown in Figure 2, it defines two pointers
— one pointing to another node and the other point-
ing to an object of KBfile class which contains the real
data. The attribute del.mark is to mark if this node
has been deleted or not, and the attribute used flag
is to record whether this node has been used or not.

Class name Node
next: Node pointer
Attributes | data_ptr: Node pointer
del_mark: Node pointer
usedflag: Node pointer
Operations

Figure 2: Node Class

The list class is to represent a linked list. Shown
in Figure 3, the list class consists of three pointers
which point to different nodes like head, tail, and
current. The attribute end_status tells whether the
current position is at the end of the list. There are
seven operations which are typical in operating on the
linked list.

The KBfile class is to siore the information for the
knowledge base. As shown in Figure 4, its attribute
is a list which is of the list class and its functions
are basic file operations. The function eof() is to
determine if the file reaches the end of file, and there
are functions to delete a data, to recall a data just
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Class name List

head: Node pointer
current: Node pointer
tail: Node pointer
end.status: integer
current()

end()

delete()

recall()

reset()
append(KBfile)
skip()

Figure 3: List Class

Attributes

Operations

deleted, to display the current data, to go to the nth
data from the current data, to skip the current data,
and to list all the data.

KBfile
aList: List
eof()
delete()
recall()
display()
go(integer)
skip()
list()

Class name
Attributes

Operations

Figure 4: KBfile Class

3.2 Concept Class

The concept classes record the information associ-
ated with a particular concept to be taught. Along
with the content of a lesson, the level of difficulty and
relation with other concepts need to be stored. Some
lessons have prerequisites and some lessons are inde-
pendent.

Shown in Figure 5, the attributes in the concept
class include key for storing the identification number
for a lesson, level for three difficulty levels, content
for actual lessons, abs_relation for the ID numbers
of prerequisites, gen.relation for categorization with
other lessons, examples for pointing to related ex-
amples, and questions for pointing to the related
quizzes.

The functions set is for setting the content of
a concept class, print for showing the content of
a concept class, append blank for creating a blank
concept class, add for adding a new concept class (sim-
ilar to performing append blank and set), replace
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Class name Concept

key: integer

level: integer

type: integer
content: string
abs_velation: integer
gen_relation: integer
examples: List
questions: List
set()

print()
append_blank()
replace()

add()

seek(integer)

Attributes

Operations

Figure 5: Concept Class

for modifying the content of a concept class, and seek
for finding a numbered lessons organized as concept
classes.

3.3 Example Class

Examples are often given to explain some concepts
more clearly. Thus, examples are asked to be entered
after the concepts are given to the system. Since the
attributes are similar to the ones in a concept class,
the attributes in a concept class can be used in the
example class. The most important issue is to create
a correct link between a concept class and an example
class.

Class name Example

id: integer

content: string

conc_ptr: Concept pointer
set()

print()

append._blank()

replace()

add()

Attributes

Operations

Figure 6: Example Class

Figure 6 shows that there are just three attributes
for the example class, and almost exactly the same op-
erators (only seek is missing) from the concept class is
used. The attribute id is for the identification number
for each example, content for recording an example,
and conc_ptr for pointing to a lesson (concept) asso-
ciated to this example.



3.4 Question Class

Questions play an important role in an ITS, be-
cause it provides the interaction between the students
and the system. The system determines whether the
students have mastered the lessons or not by the result
of asking questions. Questions are associated with the
concepts which are being taught. The answers need
to be attached to the questions. In addition, the reas-
ons and explanation for the answers are to be stored
with the answers in order to provide the students with
another chance for teaching.

Question
id: integer
level: integer
content: string
answer: string
reason: string
conc_ptr: Concept pointer
set()
print()
append_blank()
replace()
add()

Class name

Attributes

Operations

Figure 7: Question Class

From Figure 7, there are 6 attributes in the ques-
tion class. The attribute id is to store an identification
numbers for a question, level for the difficulty level,
content for a question, answer for the answer to the
current question, reason for why the answer is this
way, conc_ptr for what lesson this question is asso-
ciated. The operators are similar to the ones in the
concept class and the example class.

4 Knowledge Organization

The purpose of organizing the course material into
a knowledge base is to make the lessons flexible in
terms of teaching strategies. Our goal is to present the
same material to different students in different ways,
so that each student can receive personalized tutoring.
The knowledge organization that we have is closely
related to the decomposition work in the knowledge
elicitation process. The knowledge base is organized
as a tree consisting of groups as the leaf nodes. The
groups are the categories for the original problem, and
more detail pieces of knowledge are organized as a
linear representation or a hierarchical representation
in the groups. Figure 8 shows this concept. If there
is a certain order needed to be followed, then a linear
representation is used.

The tree model is a natural result of having an
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Figure 8: Knowledge organization

object-oriented structure as our model to store the in-
formation. By having this kind of organization, when
a new concept is introduced, the new concept will be
referred to the existing tree to see where it fits. This
can help the work of knowledge elicitation by provid-
ing existing categories. It also provide a map for the
new concept to be related to other concepts which are
already stored in the tree. ‘

5 Implementation

This section shows our prototype systemn which im-
plements what we have discussed in the previous sec-
tions. An example on the usage of prepositions is
chosen to show how different prepositions are organ-
ized and their examples are given.
5.1 Prototype System

Knowledge
Elicitation for ITS
Module -
User
Users>] pooce|
w Knowldege Base
Knowledge
Refi
Module

Figure 9: System overview

The purpose of implementing a prototy pe system is
to show how our idea can be realized as a tool for col-
lecting teaching material. The system can be divided
into four parts: the user interface, the knowledge eli-
citation module, knowledge refinement module, and
knowledge base. We have implemented the prototype
on a IBM-PC compatible personal computer using
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Argulre Knowledge

Ay Cin

Figure 10: Dialog Box

C++ for MS-Windows 3.1. Figure 9 shows the re-
lations between different components. The knowledge
elicitation module interacts with the user through the
user interface. The information collected through the
module is then passed to the knowledge refinement
module for checking if the information is good for the
ITS to use. In these activities, a knowledge base is
there to aid the work. After going through the refine-
ment the information will be store in the knowledge
base t0 be used by the ITS.

The user interface displays what the system wants
the user to input. By using a dialog box shown in
Figure 10 for the user to response, we ease the user
from guessing what to enter and what to type. The
knowledge elicitation module is responsible for col-
lecting concepts, examples, questions, and strategies.
The lessons are constructed from a collection of con-
cepts which are organized as hierarchical trees. The
knowledge elicitation module allows the user to enter
a concept and requires the user to enter examples and
questions associated to that concept. Concepts, ex-
amples, and questions are domain dependent; whereas
strategies are not entirely domain dependent. Accord-
ing to the organization of the concepts, a default set

“of teaching strategies can be initially built. Teach-
ing strategies are focused on how to present concepts,
examples, and questions. With a user modeling ap-
proach, we can provide different strategies depending
on different students. Thus, the system asks the user
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to enter the relations among the concepts and the de-
pendencies between concepts.

The knowledge refinement module currently can
only detect if duplicate concepts are entered.
However, by having this module independent, we can
expand this module into checking the consistency of
the information entered. The knowledge base con-
tains each concept along with examples and questions
associated with it. In addition, the teaching strategies
are also included in the knowledge base.

The work of collecting information can be seen in
Figure 11. The flow chart displays that a new know-
ledge base is created when the work is just started.
The knowledge elicitation part has three phases in
decomposition, sub-domain collection, and strategies
gathering. The knowledge base is also checked to see
if it needs to be updated after new information is or-
ganized as new knowledge.

After the course maierial is collected and organized
in a knowledge base, it is used by our tutoring system
which uses a user modeling technique to present to the
student as lessons. As a personal tutor to the user, the
main work of the tutoring system can be summarized
below:

e If a student is new, then his personal file with
default values will be created.

e From the student record, the system will choose
a suitable lesson to start.



MName KB Yes Create

KB?
Decompose to No
sub-domains
+ Yes Name KB
Collect concepts,
examples, *
questions N
) Retrieve
content of KB
Collect
teaching ‘L
strategies
S— Organize KB
No

-

Show content

of KB
& Save collected
knowledge
Modify KB

Figure 11: Flow of knowledge acquisition

e After teaching some concepts, the system will give
some quizzes to check the learning situation.

e According to the resulis of evaluation, the sys-
tem will modify the student’s learning ability and
teaching plan.

@ After all lessons in the course plan have been
presented, the record will be updated and the ses-
sion is over.

This system overview is shown on Figure 12. The
first phase is to initialize the student model. Tt is fol-
lowed by an instruction phase. The evaluation phase
follows that, and finally the user modeling phase takes
place. A knowledge base containing the teaching ma-
terial supplies the necessary information to the in-
struction and the evaluation modules. The student
record is kept in a file, and a student model and the
student information is kept during the execution.

Tutoring is divided into course instruction, test
evaluation, and result analysis. By dividing the func-
tions further, course instruction can be treated as con-
tent and example presentation. Test evaluation can
be seen as quizzing and answer checking. Result ana-
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l Student info.

Knowlege
Base

Student
Model
User Info

Instruction

Instructor Set

Course
parameter

Student info.
Course info.

Questions

Evaluator

Modified Quiz info.
Model ql/ Student info.

Modeler

Figure 12: Overview of the tutoring system

lysis is to analyze student features, concept levels, and
course strategies. This kind of categorization is imple-
mented in the classes.
5.2 Example

We have chosen the topic of teaching prepositions
in this example. The source of the content is from
different textbooks from elementary English classes
in the junior high school level in Taiwan. We followed
the three phases for knowledge elicitation mentioned

" in the previous section:

Phase 1: Decomposing the original problem into
sub-problems (categories) — time, place, direc-
tion, sttuation

Phase 2: Gathering concepts, examples, questions

Phase 3: Forming teaching strategies — to order the
concepts.

In the first phase of knowledge elicitation, the sys-
tem asks what subject to teach and gets the answer
“preposition”. The user is then asked to decompose
the subject into smaller domains. There are four cat-
egories introduced — time, place, direction, situation.
After these four categories are produced, the rest is
to fill up the categories with the real prepositions and
their usages, so the second phase can be started. The
content of the teaching material is collected in the
second phase. The third phase focuses on obtaining
the teaching strategies for the subject.

In order to produce a course plan, a teaching
strategy needs to be known before hand. The lessons,
examples, and quizzes on a subject is collected, but
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how these should be used will depend on the teach-
ing strategy. The relations between the lessons and
the subjects need to be defined. The strategies are re-
corded as rules in the knowledge base which uses the
student model to redesign the course plan dynamic-
ally.

The teaching strategies. are just a guideline for the
big picture, but the detail steps of what lessons, ex-
amples, quizzes are to be presented in what order will
be determined according to each student. A para-
meter on the student level is kept in the student model
to help the number of the lessons to be introduced in
a course plan. The mistakes a student make and how
much time he spends on responding are also factors
to evaluate a student. These are also recorded in a
student model and can be used to refine the teaching
strategies.

After the knowledge elicitation phase is completed,
we have all the lessons represented as objects and or-
ganized as nodes in a tree. Figure 13 shows the tree.
The branches bear the labels of four sub-domains and
the nodes have the ID numbers for each concept. For
this topic we have gathered a total of 36 concepts
and 77 examples along with more than 100 questions.
Table 1 displays a part of what we have gathered.
Since the questions are too many to list, they are not
included in the table.

For example, the first concept in the first category
time is the preposition at for the concept ezact time.
An example for this concept is given as School begins
at 8:30. The second concept in the category time is
the preposition in for the sub-concept within a time
period. The sentence I will be back in an hour is given
as an example. The same preposition at is also used
in the concept place which may have an example, He
lives at 4018 Grant Street. In fact, the preposition at
can also be categorized as the concept direction which
has an example as The boy threw a stone at the dog.
There are other concepts given to each category for
time, place, situation, and direction.

6 Conclusion

Our ‘research in developing a tool for collecting
teaching material to organize lessons and teaching
strategies in a knowledge base is presented in this
paper. The goal of having a knowledge base to con-
tain the teaching material is to make I'TSs independent
from problem domain. A prototype system has been
built for realizing this idea, and an example of teach-
ing the usage of prepositions has been presented. Our
future goal is to work on the knowledge refinement
module for checking consistency and learning from ex-
periences,
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Table 1: Content for course in prepositions

1D Type Category | Content
i concept time At — exact time
example time School begins at 8:30.
example time Please arrive at 11 o’clock.
(at exact time)
2 concept time In — within a time period
example time I will be back in an hour.
3 concept time . | On — exact date
example time He went to London on
Sunday.
4 concept time Before, By, In, Within — fu-
ture event
5 concept time Before, By — open period
example time Please arrive by 11 o'clock.
: (no later than)
example time Please arrive before 11
o'clock. (earlier than)
6 concept time In, Within — during a period
of time
example time Please finish your work in
(within) two hours.
12 | concept place In, On, At — address
13 | concept place In — country or city
example place He lives in Chicago.
14 | concept place On — street
example place He lives on Grant Street.
15 | concept place At — street address
example place He lives at 4018 Grant Street.
28 | concept | direction | For, From — associated with
action
29 | concept | direction | For — toward a direction
example | direction | The train is bound for
Taichung.
30 | concept | direction | From — originated
example | direction | The train is from Taichung.
31 | concept | direction | At — toward a target
example | direction | The boy threw a stone at the
dog.
32 | concept | situation | With
example | situation | I accept your invitation with
pleasure.
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Preposition

Figure 13: Tree for prepositions
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