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ABSTRACT

The Electronic Homework assistant system is composed
of two components: the Computer Tutor and the Homework Administrator.
The Computer Tutor is an intelligent tutoring system that can provide
personal assistance like supplying hints, checking errors, providing
remediation and prioritizing problems. The Homework Administrator is
a teacher's assistant in assigning and marking the homework, and
summarizing errors for teachers' reference. Both components of
Electronic Homework are composed of several modules. Different types
of knowledge, mainly obtained from human experts, are incorporated
into the Computer Tutor, and the pieces of knowledge, in the form of
rules, are stored in the following separate modules: the expert
module, which contains the knowledge that the system imparts to the
student; the student module, which stores the knowledge of the
students, both correct and incorrect, in the form of rules; the
tutoring module, which contains the knowledge on how and when to help
students correct their errors; and the communication module, which
deals with the interaction between the user and the computer tutor.
The Homework Administrator is responsible for handling routines
normally done by teachers, which include ordering problems,
collecting students' errors and marking students' work. The effect of
using Electronic Homework was investigated among students of
different academic abilities; in one school, students using the
system performed better on less abstract problems. A major
shortcoming of Electronic Homework is that it reacts very slowly in
some situations. (Contains 17 references.) (AEF)
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'Electronic Homework

Fong-lok Lee & Rex M. Heyworth

reinforced and Incorrect behavior avoided. Ideally, this should be done by human
tutors. However, if human tutors are not available, computer tutors that can act like
human tutors may be an alternative solution.

The biggest handicap is the lack of suitable software, particularly in the area of
mathematics. Most Currently available computer-assisted instructiona] systems in
mathematics focus op tutorial and drill-and-practice functions (White & Purdom,
1996). Students are given exercises to practice. The practice items are either in the

What a Homework S stem Should Do
w

Recent Computer systems have attempted to understand students’ errors then



In order that Electronic Homework can achieve the abgve purposes, both the
Components -- the Computer Tutor and the Homework Administrator — gre themselves
composed of severa] modules. The following sections describe the contents and
functions of thege modules.

Knowledge Stored in the Computer Tutor

In order that the Computer Tutor can diagnose students’ Crrors as well as give
tion of students’ errors, different types of knowledge, mainly obtained from
human experts, has to be incorporated. To allow for future €Xpansion, the pieces of
knowledge, in the form of rules, are stored In separate modules. Each module is
described in more details in the following paragraphs.

The Expert Module

This module contains the knowledge that the System imparts to the Student. [t
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In Electronic Homework, there are two types of such rules: the strategic and
the axiomatic rules, as Suggested by Lewis, Milson, & Anderson ( 1987). Strategic
rules state what strategies would be used whenever certain patterns are observed,
while axiomatic rules correspond to behaviors according to mathematics axioms. The
following examples found in The Teacher's Apprentice (Lewis, Milson, & Anderson,
1987) serve to illustrate this difference:

[R1] IF the equation to be solved contains a subexpression of the form
num(term] + term2)

THEN Set as a subgoal to distribute hum over term] and term2
[R2] IF the goal is to distribute hum over terml and term2

THEN set the subgoal to multiply num times term

AND set the subgoal to multiply num times rerm2
AND set the subgoal to combine the previous results with +
[R3] IF the goal is to multiply num times rerm

THEN write the product of num and term
[R4] IF the goal is to combine terml and term2 with a +
THEN Write terml + term2
(Words in italics are variables.)

In the above examples, the rule [R1] recognizes that distribution is applicable
to the equation and sets the subgoal to distribute sum OVer terml and term2. It is a
strategic rule. The other three are axiomatic rules since they show the actions




-» & Anderson J. R, 1987) and LISPITS (Corbett & Anderson, 1992), there
IS no specific criterion—performance model. Instead, they use a "mode] tracing”
method of tutoring. At each State (step) of the process, the system infers the learner’s
Internal state by matching his output with the problem state 8enerated by using idea]
and incorrect rules (referred to ag buggy rules). Instructiong will be given according to

this inference.

Both the model-tracing and the criterion-perfonnance model have thejr
advantages and disadvantages. The criterion-perfonnance model approach might
require a ot of Space to store the models and also a long period of time to generate all
the possible models while the model-tracing approach might prevent the student from
learning by making errors byt disallow the Students to explore the possible solutions,
A detailed discussion on whether the criterion—perfonnance model or mode] tracing
method should pe employed in the present study is presented later in the sections on
tutoring Strategies,

The Student Module
—Atotudent Module

broad Categories: the quantitative method (Park & Seidel, 1991), which is mostly used
in conventiona] computer-based Instruction (CBI) which will not be elaborated further
here, and the qualitative method, Clancey (1 988), in defining qualitative models, says
“The qualitative model is neither numeric nor physica] analogues. Rather, it describes
objects and processes in terms of Spatial, temporal, and causg] relations.” There have
been mainly two types of methods used to model students:

2. Bug identification method: the Student mode] contains both domain
knowledge as rules and misconceptions and errors (bugs) as variants of rules. In this
Case, the student model includes Something that the €xpert does not have, Itis thought
to be more realjstic than the first type.

The following shows the relationship of the student model with respect to the
€Xpert’s behavior and the bugs (Elsom-cook, 1988).
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Overlay Model Bug-identification Model

While the present System is designed to help students to correct their errors
and because the overlay model does not contain such knowledge, it would be
reasonable to say that the bug-identiﬁcation model would be more appropriate for the
present use. The student module in the present system is thus formed by mal-rules, in
addition to the correct rules. The mal-rules represent the students’ errors obtained
from a set of tests, called mal-ruje collection tests, administered to 125 secondary 4
(grade 9) students in Hong Kong.

The Tutoring Module

The second question as to when to remedy students’ errors relates to the
argument of which of the above models, the criterion-performance model or the
model-tracing method, should be used. The main differences between the two
methods, however, are the amount of freedom given to students to explore during the



which makes it easier for a computer System to handle. The model-tracing method is
thus employed in the present system.

The Communication Module
————<0fMmunication Module

With this kind of language, the computer could then understand what the human user
enters and react Suitably.

The Homework Administrator
= NEWOrk Administrator

The Homework Administrator ig responsible for the handling of routines that
are normally done by teachers which include the ordering of problems, collecting
students’ errors and the marking of students’ work. The following paragraphs describe
how these are done,
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How to Order Problems According to Their Difficulty

Problem Complexity = 0.11 x Machstep + 0.19 x Notmfac +

.17x Familar + 1.17

How Students’ Errors Are Collected
T ———==1IS Errors Are Collected

errors admitted by an individual student and a summary of errors admitted by all the
students can be seen op the computer monitor. The teacher can thep immediately
know how well the students have learned.

How Students’ Work Is Scored
——=gents Work Is Scored



As the present version of Electronic Homework is not equipped with visual and audio
effects (i.e., the students are not reinforced with beautiful pictures or music after
correctly solving a problem), and as it was observed that students in this particular
school were highly motivated toward using computer-assisted instructional system in
their learning, it is believed that motivation would be an important factor that affects
the use of Electronic Homework. Although Electronic Homework is stjll not yet fully
developed and was only evaluated in a short period of time, the fact that some positive
effects were observed shows that it is possible to help students with systems like this.

A major shortcoming of Electronic Homework revealed from a questionnaire
completed by the students is that it reacts very slowly in some situations, especially
when there is no corresponding mal-rule available in the system. This slowness is due
to the fact that the system has to scan over its stored rules before it can give out a
“diagnosed error” and that there is quite a large number of possible combinations of
rules. A solution to this is to use a faster machine, which may become possible within
a few years. A further improvement may come from the fact that even though a
computer can process much faster than human beings, yet in many situations, humans
seem able to react quickly while the computer is still searching for possible solutions.
It is thus not the processing speed but the strategies used which determines how fast a
reaction is. If human strategies can be better understood and can be incorporated in the
system, a much faster system will be achieved.

Another possible shortcoming of the system is the input method it allows.
Currently, students can use either the keyboard or the mouse pointer to input a
mathematical expression. Yet the expression displayed can only be in the form of a
test expression. An example is that one half can only be displayed as 1/2 but not as the
usual way of 1 over 2. Precisely how this would affect the effect of using the system
has to be investigated, but it seems that the system can be much improved if some
other techniques like the use of writing pad or voice input can be incorporated into the
system.
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