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Learning Companion Systems (LCS) are a variation of Intelligent Tutoring Systems (ITS).
In an LCS, besides the traditional tutor and student, a new agent isintroduced: the Learning
Companion (LC). The issues of the expertise and behaviour that such a companion agent
should have, if it is going to be of any use to the student, are very important in these
systems. This paper explores the hypothesis that a less capable |learning companion is
helpful to a human student by encouraging her to teach the LC.

| ntr oduction

An Intelligent Tutoring System (ITS) can be seen as a system with two agents: a tutor and a student
(figure 1). A criticism of such systems isthat they are inherently based on one-to-one interactions
between a student and a tutor and cannot encompass the richer learning possibilities opened up by
involving more than one learner.

Learning Companion Systems (LCS) were first introduced by Chan and Baskin [4] influenced by the
idea of collaborative partners[Z, 6]. These are systems which attempt to model groups of learnersasin a
classroom. An LCS consists of at least three agents. The tutor and the student remain the sasme asin an
ITS. The new addition is an agent called the Learning Companion (LC), or just the companion (figure
1). Therole of this new agent isto be a peer of the human student. In principle this companion should be
helpful to the student in a number of ways. For example, the companion could be arole model for the
student; both students could collaborate and compete as equals [ 5]; the companion could be a source of
advice[9]; the companion could be a student of the human student.

|E| figurel8
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Figurel: ITSvs.LCS

This paper describes work in thisfinal category. A LCSis being built to explore the hypothesis that a
less capable learning companion is helpful to a human student when learning. The student will be
encouraged to learn by teaching this kind of companion. The question of how to motivate the student to
interact with the LC is addressed. Finally, a possible way in which the student would be able to teach the
companion is discussed.

Expertise and Behaviour

Work in LCSs hasincreased in the last few years but much remains to be done to explore the full
capabilities and possibilities of these systems. Self and his colleagues proposed I TSs which offered
collaboration with the student rather than instruction [7, 6]. But it was Integration-Kid [3] the first
system built as an LCS that introduced the idea of aLC. The LC in this system was capabl e of
collaborating and competing with the student. Integration-Kid proved the feasibility of LCSs and
demonstrated that they stimulated learning interactions which are not possible with a tutor only. But,
more importantly, it raised the issues of the expertise and behaviour that such a companion agent should
haveif it is going to be of value to the student.

In Integration-Kid the companion had a knowledge level which is average to students in its domain.
With this expertise the companion was thought to display sub-optimal performance which was expected
to motivate the student by showing her that thisis normal when learning. Integration-Kid behaved as a
collaborator or as a competitor. These two behaviours were intended to help the student when solving a
problem and to make her reflect when presented with different solutions. Hietala and Niemirepo [ 10]
have explored the effects of different degrees of companion's expertise. Their work used companions
with low expertise (weak) and with high expertise (strong). Their interest was to select the companion's
expertise to maintain the student's motivation to collaborate with the LC. Their experiments took into
consideration the students general learning capabilities and their personality traits to observe the effect
and acceptance of the LC. In general, they found that students preferred strong companions specially
when tasks got harder. The LCs in this work were there to give advice to the student and to collaborate
with her. Both of the above LCSstry to help the student in her learning activities. They encourage
collaboration and suggestions from the LC to help the student reflect on her knowledge. Competition
gives the student the opportunity to see a different approach to do the same task and may stimulate her
to work harder.

Another helpful way for a student to learn when interacting with a peer is to teach her peer. Research
has shown that students who teach other students learn more and better [1, 8, 11]. A student who needs
to teach other people will have to revise, clarify, organize, and reflect on her own knowledge in order to
be able to teach, i.e. the student will need to master the knowledge. A Iearning companion with less
knowledge than the student should in principle be helpful for the student to learn by teaching. Therefore,
we suggest that a weak LC would help the student to learn better by encouraging her to teach it.
Although Hietala and Niemirepo found that strong companions were more used, the companionsin their
environment had “fixed' knowledge -- 2 strong and 2 weak companions. The student was able to select
one of those 4 companions but she was not able to modify the companion's knowledge. Therefore, it was
natural that when subjects were faced with more difficult tasks they preferred, in general, to get help
from a more knowledgeable companion.
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| mplementation

An LCSisbeing developed to explore the idea of teaching aweak LC. The domain of the systemis
Binary Boolean Algebra. The tutor will teach the laws and theorems (rules) of this domain, how to use
them, and when. Emphasis will be on teaching when each rule is best used to simplify a boolean
expression. Even though it is a complex problem to decide which rule is best to use at any given
moment, the system will give general guidelines which could be used successfully with many problems.
The goal isto introduce students to Boolean Algebra and to the basis of boolean simplification.

As mentioned before, the tutor will be the one in charge of teaching both learners -- the companion and
the human student. Because the main objective of the system is to explore the interaction between the
companion and the student, the tutor is being designed to be as unintrusive as possible. Itstasks are to
teach concepts to students, to give examples using those concepts, to select problems for the students,
and to comment on the students' performance. Only when the tutor is doing one of these four activities
will it be in contact with the students. Once it has given a problem to them, it will "disappear' from the
students sight and its task will be to monitor them while solving the problem. In this way, the interaction
could focus on that between the student and the companion. After they have finished solving the
problem, the tutor will comment on their performance. This cycle continues until the end of the
curriculum.

The learning companion is the most important part of the system. It will be implemented using
simulation techniques. This means that it will not actually learn while the tutor isteaching. The
companion's knowledge will be secretly selected by the tutor depending on the problem and necessities
of the moment. Actually, the tutor will be controlling the companion throughout the complete
interaction. It could be seen as if the companion and the tutor were communicating with each other
without letting the student know. For example, when both learners are working on a problem the tutor
could tell the companion to ask a question to the student or to give a suggestion which is expected to
help in the resolution of the problem.

The student will be in control of the interaction between her and the companion. The tutor will present
the problem making it clear that they have to work on it as ateam. There isflexibility for the division of
[abour within the team. It is up to the student to decide who will actually solve it and if she will interact
with the companion or not. The student will be able to choose not to interact with the companion if she
wants. This freedom of interaction generates the problem of, how to motivate the student to interact with
the LC -- thisissue is discussed below. If the student decides to interact with the companion, she will
have the opportunity to teach it. But, how will the student teach the LC? A suggestion about how to do
thisis presented below.

[x] figure36

Figure 2: Tutor controlling LC.
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Figure 2 presents the general agent architecture of the system being implemented. The solid arrows
between the agents represent a communication between two of the agents that is seen by the third agent.
The dashed arrow represents a private communication -- in this case between the tutor and the
companion.

Motivating the student

Interaction between the student and the companion is essential in any LCS. If at any time the student
decides that she does not want to interact with the companion anymore, then either 1) the LCS becomes
an ITS-- if the student is able to continue working without interacting with the companion, or 2) the
interaction with the LCSisterminated -- if the student must use the LC. Both cases are detrimental to
the objective of LCS so care should be taken with the motivation of the student while using the system.

In the implementation described before, the student is not told to interact with the companion. She will
have the possibility to decide if she wants to make use of the companion or not. Even in the case where
she decides to interact with the companion, thereisarisk that after awhile the student could get bored
with aweak companion. A weak companion will give wrong suggestions and solutions some of the
time. It will also appear to be very keen on being taught by the student by asking questions which show
that it does not know very much. These actions could make the student see the LC as an annoyance,
more work to do. She might get bored with it and decide not to use it anymore. Of course, the student
may realize the possibilities for reflective learning provided by the companion and may not need further
motivation to work with it.

Our system will have the flexibility of working in two interaction modes: motivated and free. These
modes will help to observe if the student gets bored with aweak LC and if pressure on the student to
interact with the companion is useful. In free interaction the student will only betold that using the LC
isbeneficial for her to learn -- specialy if she teaches the student. In motivated interaction the score
mechanism in figure 3 will be used.

|E| figured7

Figure 3: Motivation mechanism.

The aim of the scoresisto motivate the student by giving her a challenge. The student will be presented
with the three scores in figure 3. The objectiveis that the student finds a way to obtain enough points to
advance alevel in the curriculum. Thiswill depend on the total score which isacombined score for both
the student and the companion. Tmin marks the minimum number of points to advance alevel. The
other two scores are the scores for the Student and the Companion respectively. The minimum mark in
these scores indicates the minimum number of points each student needs to be able to advance alevel.
The maximum mark is the maximum points that will be given at a particular level. By working on
problems the solver(s) will get some points, whether solutions are correct or not. The key factor is that
the companion's points will have more impact in the total score. Thisway of allocating pointsis
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intended to prevent the student advancing alevel without having used the companion enough. It is
expected that once the student realizes that the points obtained by the companion are better for the total
score, the student will use more and more the LC. Once the student is interacting with the companion
she will have the possibility to teach it. The scores should provide enough motivation for the student to
make her want to interact with the companion in order to advance alevel.

TeachingtheLC

In the present LCS implementation the main activity between the student and the companion will be
teaching. The weak companion will behave in away which will encourage the student to teach him. For
example, the companion could ask the student if she agrees with him or not in using asimplification
rule. Very often during the interaction the companion's suggestions will be wrong, so as away to
disagree with him the student could decide to teach him. The companion could aso ask the student
directly to teach him. The option of teaching the companion will always be available whenthe LC is
working on a problem.

To teach the LC the student will use awindow such as the one in figure 4. This window is based on the
idea of inspectable student models[2] in that it represents the knowledge of the companion at a
particular moment. The window provides the student with a series of buttons and menus which let her
communicate with the companion. It would be better if the student could discuss directly with the
companion using some form of natural language, but unfortunately the present state of the art in this area
is not enough to support the kind of dialogues which would be needed when teaching.

[x] figure59

Figure 4: Teaching window.

The teaching window presents the knowledge of the companion at a specific moment during the
interaction. The objective isto let the student see exactly what the companion knows when trying to
solve a problem. In figure 4, the companion's knowledge is represented by alist of simplification rules
labeled "Rule Order'. Thislist contains, in order of priority, all the rules that the companion knows how
to use. In the figure, the companion tries to apply rule “r1' first. If he can not apply thisrule, he will try
to use the next rule, r2'. He continues trying rules until one can be used.

When the student is teaching the companion, she will need to modify the list of rulesin the way she
thinksit is better to solve the current problem. In order for her to select the companion’s new rule order
she will need to understand why the LC is using that particular order. To understand this she will first
need to think about her own knowledge of the domain, i.e. what order does she use to simplify
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expressions and why. In summary, the student will need to revise, clarify, organize and reflect on her
knowledge before she can teach the LC -- by changing the order of the rules.

The menus and buttons in the window will let the student modify the rule order in which the companion
isusing the rules. Once she has taught the companion, it will use the rules asit has been told. The
student can then appreciate if what she taught the companion is appropriate or not. The student can
continue teaching the companion as much as she likes. In a sense, by teaching the companion, the
student will have the possibility to experiment in the domain and learn more about it.

Theissue of exactly which rules the companion should be primed with secretly by the tutor remains to
be solved. Oneideais to make the companion's knowledge track that of the student, but some steps
behind. In this case the student would effectively be reflecting on her own past performance.

Conclusion

LCS are systems which try to resemble human social environments. The learning companion adds a new
dimension to the interaction between computer and users. It is claimed that the benefits of having such a
companion are similar to the benefits of having a human peer. However, research must be done in order
to understand the actual benefits of a computer companion. In particular, the effect on the student of the
companion's knowledge level and behaviour should be studied.

This paper describes a system being implemented that proposes to use a learning companion which has
less expertise than the student. The aim is that the student would be able to reflect on her own
knowledge by teaching the learning companion. A proposal to motivate the student to interact with the
LCisoffered. It is essentially challenging the student by giving her agoal in the form of scores. To
teach the learning companion ateaching window is proposed which is based on the concept of
inspectable student models. This window should help the student to reflect on her own knowledge.
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