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Abstract

We describe an approach to student modelling where the student can delve into the stu-
dent model. We describe how this can support learning on several levels. It servesasa
basis for planning learning goals, improving communication between the teaching sys-
tem and the learner, and as an aid to reflection about learning.

There is a growing group of researchers working with accessible and understandable
student models. We outline the motivations for such approaches.

This paper presents the underlying philosophy for the design of our student model and
shows the type of model we have built. We discuss problems of scrutability we have
encountered and the interesting research agenda they define.

1. INTRODUCTION

In 1989 we began an ambitious study: we would monitor all use of the sam text editor. Since our students
could use this editor only on our machines, we would have a record of the total use of hundreds of users
over several years. We hoped to track the development of expert users of the editor from their very first
meeting with it through three years of use. We had several motivations for this study. We expected it
would

1. further our understanding of the learning of text editing, a computing activity performed by large
populations of users;

2. improve our ability to support life-long learning which should occur both as users tasks change and
astheir consolidated knowledge and skills can serve as foundations for further learning;

3.  enable usto develop techniques for building high quality models of user’s knowledge from the huge
amounts of very low grade student modelling data we could collect by monitoring all use of the edi-
tor;

4 enable us to build computer-based learning support for users of the text editor.

The learning problems suffered by users of tools like text editors have much in common with many inter-
esting and important problems in broader educational settings. There are many barriers that stand in the
way of becoming an expert user of atext editor; just as there are many barriers to prevent the student in
any learning area from achieving the highest levels of knowledge and understanding. In the case of learn-
ing about text editors, one such barrier has been called the production paradox (10): the user knows they
could work more effectively if they took the time to learn more about the text editor ... but they do not
have the time to put into learning!

Why might this be this be so? Most readers of this paper will be non-expert in the use of some basic tools
like text editors. They will know some of the reasons for the production paradox. Perhaps the most
important is that the cost of learning is too high for the short term rewards. It is just too hard to learn



about something that would be really useful for achieving current goals.

It is very appealing to imagine that a knowledgeable coach could look over our shoulder as we work.
Then, at just the right moment, the coach could point usin the right direction for learning about an aspect
of the editor that is both useful right at that moment and that we are really ready to learn. Thisis not a
new idea. It has been part of the earliest ITS work (for example 9).

Early ITS work was characterised by the goal of emulating excellent individualised human teaching. The
individualisation was driven by the student model. In the context of our work with the text editor, a clas-
sic teaching system would have the following components:

. expert knowledge of the text editor;

. expertise in teaching about it;
. agood model of the student’s knowledge, skills, learning styles and preferences;
. ability to communicate with the text editor user and potential learner.

We know that it is costly and difficult to build such ateaching system. One of the more problematic parts
is the student modelling.

Our claim is that there is a much cheaper and highly effective alternative: we can design the student
model with the intent that it be externalised in order to

. help the learner become aware of their current knowledge in ways that enable them to
. identify suitable learning goals and
. facilitate pursuing them.

We believe that the goal of modelling the student at the level that an excellent teacher can do is an unnec-
essarily difficult goal. Computer-based teachers are fundamentally different from human teachers.
Because the former are deterministic and driven by a program, it should be possible to state what aspects
of the student model affected a particular teaching action. It should equally be possible to state how a
change to the student model would affect the teaching in the same situation. We believe that if the student
model can be helpful in determining how a machine teaches, it should be possible to make it available to
the student so they can improve their own learning through better self-knowledge.

This paper elaborates on our reasons for repurposing the student model as a basis for self-knowledge.
First, however, we discuss the reasons for our approach and the character of student modelling informa-
tion that is appropriate.

2.WHY KNOW THYSELF?

Our primary arguments for helping the learner know their current learning status are utilitarian and prag-
matic. It should be easier to build a system if we can share the responsibility for identifying learning
goas between the teacher and the learner. At the same time, giving the learner responsibility for their
own learning seems to enhance learning effectiveness. This is the thrust of many teaching strategies, for
example problem-based learning (2, 14, 24).

2.1 Life-Long, self-directed learning

Life-long learning must be self-directed: the learner should be able to set personal learning goals, estab-
lish plans for achieving them, assess their progress towards goals and revise learning plans. Essentially
this involves self-knowledge, planning, reflection and review. To learn to learn effectively, students need
to develop the skill of acquiring self-knowledge.

2.2 Getting Teacher and L earner Goals Synchronised

For effective communication between teacher and learner, it is important that the teacher’'s underlying
goals which drive the teaching be consistent with those of the learner. The learner should know what it is
they are trying to learn in the current learning context. We have argued elsewhere (12, 13) that in



conventional educational settings (with human teachers and students) difficulties occur if there is a mis-
match between the teaching goals and the learner’s perception of them. If we are to construct effective
machine-based learning environments, we need to deal with this problem. Typically, the student model
represents various learning goals. Making these available to the student in a suitable form should amelio-
rate this problem.

3. WHAT TO KNOW

There are many different types of self-knowledge that can facilitate learning. The student could profitably

seek to answer questions like these:

What do | know?
Learning must build upon foundations of existing knowledge. In self-directed learning styles like
problem-based learning, an important starting step in planning learning is to identify what is
already known and useful. This is partly as a basis of planning the problem solving. It aso
increases awareness of things that are known and should be kept in mind for the current and poten-
tial learning goals.

How well do | know a particular aspect, X?

There are many degrees of knowing. Some ways of describing this are captured in taxonomies like
that of Bloom (1) or Merrill (19). A learner should be able to assess the degree of their competence
and knowledge.

What do | want to know? or Do | want to know a particular aspect, Y ?
This means being aware of the current learning goals.
How can | best learn X?

To plan learning, it is important to know how to go about learning. If the learner has control over
the choice of learning approach, they need help is selecting the most effective one for them. A stu-
dent model may represent learning performance when using various different learning strategies
and this may help the student appreciate which enables them to learn best.

3.1 Relativity Theoriesof Learning

To this point, we have considered the learner in isolation. In fact, students compare themselves with oth-
ers. Depending upon the student, they might wish to judge their knowledge in terms of

. how much the ‘average’ student knows - enables the student to see themself against the average
peer;

. how much the very top students know - important for students who want to be high achievers as
well as for meaningful learners who want to appreciate what the more competent of their peers
know;

. how much a particular expert knows - another benchmark that is appropriate for students aspiring

to achieving expertise;

. the things known by most experts - given that different experts do not know everything about a
complex domain and different experts may have different views, this is the common ground for
experts;

. how much a respected teacher recommends knowing - a benchmark from another authority figure;

. the knowledge required to pass the exam - a common goal for students and related to the respected
teacher benchmark;

If we are to assist the student in understanding their student model and using it as a basis for setting learn-
ing goals, we need to enable them to see themself in relation to an appropriate standard. For different stu-
dents and in different contexts, the type of standard will differ.

3.2 Peer Models

The first two bases for comparative student models in Section 3.1 relate the student’s model to that of
their peers. These examples above are by no means exhaustive. The critical point is that the student’s



ability to assess or know themselves may only be meaningful in relation to what other students know.
Studies like our long term observation of text editor users can give detailed comparative models. Far
more modest enterprises can provide simpler comparative models. For example, experienced teachers can
often recall common misconceptions and levels of achievement at particular points in the learning pro-
cess. In particular, examination performances may document this. Alternatively, the student may inspect
the models of arbitrary peers, an approach that has been explored by Bull (4, 5).

3.3 Domain Expert or Overlay Models

Overlay student models have been part of the earliest teaching systems. They give one important basis for
comparisons of knowledge. If the student aspires to become an expert, they need to see an expert’s
knowledge as their goal. They will assess themselves against that in setting new learning goals and mea-
suring their progress.

The definition of an expert model is no simple matter as our list in Section 3.1 indicates: experts can have
different views and even experts do not know everything. Although many teaching systems have created
student models from overlays on expert models, this problem has not been addressed. This may be due to
the fact that student models have been hidden and any one expert model is probably good enough for the
system to teach from. (And, of course, there is a significant cost in modelling one expert!). The interest-
ing matter of how much of a domain model is known or agreed on by experts arises when we want to
share the model with the student.

3.4 Teaching-Expert Models

This class of comparative models covers the last two cases in Section 3.1. It enables the comparison
against an expert to be tempered by advice from a respected authority in the form of ateacher. We would
expect that this would normally be a subset of some expert models. But it might also model common
misconceptions that the teacher would expect a student to have overcome at certain stages of their learn-
ing. Inthe case of sam, for example, we observed that many of our students seemed to think that the best
way to quit the editor was by killing the sam-window. We consider this a misconception and model it.

4. THE STUDENT MODEL AS A FOUNDATION FOR SELF-KNOWLEDGE

Literature on student modelling is quite consist in defining a student model as a machine’s representation
of its beliefs about the student. See, for example Holt, Dubs, Jones and Greer (16.) Of course, thisis nor-
mally assumed to be an internal representation intended only for use by a program.

There is a growing body of work recommending that student models be made available to the student as
well as exploring waysto do this effectively (3, 4, 5, 6, 7, 15, 20, 21, 22).

We have explored several approaches to making the student model accessible to the learner. Figure 1
shows one example of a summary form of a student model for the sam text editor. This interface is from
one overviewer for the student model. It gives a quick overview of whether the user appears to know the
editor elements displayed. The dark squares indicate the user knows that element and the white ones indi-
cate lack of knowledge. Nested shapes, like the nested squares for default-size k indicate there is con-
flicting information about this aspect and the overviewer could not determine whether the user knew it or
not. The overviewer allowed usersto ‘correct’ the model and get explanations about it.

The structure we have used for the student model of Figure 1 is highly utilitarian: it classifies the things
one might know about sam in terms of their overall utility. The aspects highest on the screen are the most
basic. This user's knowledge is mainly restricted to basic aspects. One anomaly is the xerox command
shown somewhat below the middle of the display.

Note that this overviewer collapses many aspects of the editor. Each round node represents several com-
ponents of the model. The overviewer has heuristics for selecting the most ‘interesting’ aspects to display.
So, for example, this user was deemed not to know any of the ‘ powerful’ aspects so the summary node for
these is shown as not known and it is not expanded. By contrast, the simpler aspects are expanded so that
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Figure 1. Overview of astudent model of editor knowledge

the user can see that some aspects are judged known and others not.

A display of a student model like this can serve as a basis for the learner to reflect on their knowledge.
The student model in Figure 1 indicates that the student knows only a small amount of sam’s functional-

ity.

Our student model interfaces could provide more detailed information about the student model. One
aspect of this is that the student could access a description of the meaning of each component of the
model. So, for example, the student could access a detailed explanation of what the node labelled xerox_k
means.

Another dimension of the detail we make available to the student is illustrated in Figure 2. This shows
the list of evidence the system holds about one component of an hypothetical student model. The first
eight lines are various forms of evidence indicating the modelled aspect istrue. The last three are oppos-
ing pieces of evidence. Asthe display indicates, the user can select aline to get a detailed explanation of
its meaning. For example, the first line indicates the evidence was Given by user themself using the
viewer program at the time shown at the right. Other evidence items are based on observations of the
user. If a student studies this list of evidence, they can recall the various recorded events that informed
the student model.



Evidence for: quit_|

editors/sam/basics/useful/quit_b

i Supporting: Given self viewer (Thu Apr 29 09:22:48 1993}
Supporting: Given self viewer (Fri Apr 9 06:13:19 1993}
Supporting: Told explained viewer (Fri Mar 26 11:06:40 1993}
Supporting: Told email coach (Fri Jan 15 14:42:56 1993}
Supporting: Told explained viewer tWed Jan 13 13:54:33 1993}
Supporting: Obserwvation quit_obserwved Sam (Sat Dec 19 0B:20:08 1992}
Supporting: Obserwvation quit_obserwved tutor (Sat Dec 19 11:06:43 1992}
Supporting: Given self viewer (Sun Dec 13 13:26:40 1992}
Opposing: Given tutor_added tutor (Thu Apr 29 09:23:11 1993}
Opposing: Given self viewer (Fri Apr 9 06:13:19 1993}

& Opposing: Rule threshold deduction (Wed Dec 23 13:36:32 1992)

Select an item to explain what it means.

Figure 2. Example of evidence

5. RESEARCH AGENDA

As section 2 and 3 suggest, there are many interesting and difficult issues is employing student models as
abasisfor assisting the learner in achieving self-knowledge.

5.1 Representations for Students Models

Some representations are better for supporting student reflection than others. We have used an endorse-
ment-like evidence-based approach since it preserves arecord of all the events used to conclude about the
student. It enablesusto provide alist like that in Figure 2.

An open question is the trade-off between making a student model that is effective for the use of teaching
systems and making it accessible to the student. Should we omit aspects from the model if we find it too
hard to display them for the student? Thisis a particularly difficult question when the student model is
generative, as for example in TAGUS (21) where the system can infer beliefs not explicitly stored in the
model. It isimpractical (and typically impossible) to display such a model in its entirety, with al infer-
ences expanded and explicitly shown.

5.2 Visualisation

Our work with sam involved only ninety concepts and it was easy to organise these into a hierarchy. This
made it feasible to display the model as in Figure 1, with manageable amounts of information on the
screen at any one time and an intuitive navigation mechanism to the hidden parts of student model.

In general, student models may be larger than this. If there are hundreds of concepts or if they do not
form anatural hierarchy, the interface to the model will need to employ visualisation tools.

5.3 Multiple views and per spectives

Figure 1 shows one view of the text editor. There are many others. For example, if auser knows another
editor very well, it might be sensible to organise the sam concepts in terms of how well they match the
known editor. Those concepts that are identical might be in one group, those that are completely different
in another and those that are similar but likely to cause interference in learning in yet another. Depending
on which editors the user knows, the organisation would differ. A quite different perspective on the sam
concepts could be in terms of the primitive functions of editors. This would group the facilities for mov-
ing around the file, with the most basic and highly sophisticated classed together. Another class would
have the commands for managing the interface to the file system, and so on.



If we want students to think about their knowledge in different ways, it might be valuable to present dif-
ferent views of the same knowledge. These may correspond to the different views taken by different
pieces of teaching software. On the other hand, it might constitute a whole level of infrastructure exclu-
sively to support student access to the student model.

Quite another set of views can be snapshots of learning. If alearner wants to review their progress and
achievements, they could ask for a display of the student model as it was at various important points in
time. This approach could be supported by Mr Collins (8) and by the our representation since it is feasi-
ble to reconstruct the model asit would have appeared at various times.

5.3 Ontological Explanations

Students need to be able to determine what the student model is modelling. For example, our model
shows xerox: if the learner is to make sense of our display and the student model, they need to be able to
find out what xerox means.

Any student model is based upon an ontology of concepts the system designer deemed important. We
require that each component of the student model has an explanation that can be accessed by the inter-
faces to the model.

5.4 Teaching Strategies to Exploit the Student M odel

To this point, we have assumed the learner will study their user model. In our sam work, we mailed stu-
dents, telling them that they could access a model of their knowledge of sam. Of the eighty-two students
mailed, forty-six (56%) made some use of it. Detailed analysis of the heavier users indicated that some
students explored their model extensively (11).

Of course simple exploration of the model is not at all the same thing as using it effectively for learning.
There are many ways that this might be encouraged:

. Ask the student to use the model to identify areas to revise. We would expect the student to search
for aspects they had studied and the model showed as not well known. The student may want to
explore the reason that the model makes this judgement.

. Ask the student to reflect on their knowledge, summarise what they consider they know and do not
know and then compare this with student model (13). Where there is a mismatch, one might expect
the student to delve into student model to see the bases for the machine's reasoning.

. A human teacher might sit with the student to study student model. Similarly, a peer (4).

. We might integrate an assessment and model access. For example, a student might be asked to con-
struct a concept map (17) as a diagnostic task that feeds into a student model. At suitable pointsin
the process, the student might inspect the student model which would represent the system’s infer-
ences about their knowledge.

. Create opportunities for learner to disagree or negotiate with the machine. These serve as atool for
reflection (6).

6. CONCLUSIONS

Our sam study tracked over two thousand users for at least a year and several hundred over a three year
period. We found that the largest number of commands were learnt in the early periods of use and that
more subtle but significant learning continued throughout the time that students continued to use the
editor (18). However, the amount learnt by most students were quite modest. For example, in the first
three year cohort, only about a third of the students ever used the undo-command. Our study has enabled
us to build models of the *average’ student. We began the work with clear models we expected an effec-
tive user would achieve. Both could be useful benchmarks for students to compare themselves against.
We also explored the ways to build the student model as a support for students to be able to learn what
they know.

Self (23) has identified four major roles for the student model: prediction and planning; diagnosis and
remediation; negotiation and collaboration; interaction and communication. In al these, the focusison a



program using the student model. We have argued for an additional role for the student model as a first
class citizen of the learning environment.

We have argued the importance of student self-knowledge, especially for life-long, self-directed learning.
We have discussed the ways the student model can support the student in introspecting on what they
know, deciding on learning goals and reviewing their progress.

We have also identified arange of challenging issues to be explored:

how best to make the model available to the student;

whether we must or should restrict the scope of modelling to match those aspects that can be made
available to the student;

how to ensure the student can understand a modelling ontology;
how to select and highlight the most relevant and interesting parts of the students mode!;
how to establish learning environments that enable the student to focus effectively on the model.
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