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student's understanding. While a number of programs have been
successful in demonstrating the validity of student models in
limited domains (Burton and Brown, 1982), a large amount of
work remains to be done in this area because even non-
computerized models of students' cognitive processes are still
relatively primitive.

6.3 Rule-Based Tutorial Strategies

The final basic component of intelligent tutoring systems is a
rule~-based tutorial strategy (see Figure 4). Like the student
model, isolating the tutorial strategy allows CAI programs to
be tailored by adjusting the way or the order in which
materials are presented without affecting other character-
istics of the program. '

Some of the most extensive work on rule-based tutorial
strategies has been done by O'Shea (1979). I described the
basic concepts of O'Shea's work in AI/CAI Project Progress
Report No. 1 (see pages 35-38 in that report), so I will not
repeat them here [2]. My previous report did not, however,
discuss the self-improving aspect of O'Shea's system, a
characteristic that allowed the system to increase its
adaptability to a particular group of students. The system's
tutorial strategy was expressed as a series of production
rules that governed program branching based on student his-
tories and their mapping on an explicit student model. A
number of discrete program goals were defined, and the system
tried to maximize its achievement of these goals without
negative side effects. (A negative side effect was defined as
increasing its ability to achieve one goal while dramatically
decreasing its ability to achieve the other goals.)

With its tutorial strategy expressed as a series of production
rules, this system was able to alter its teaching strategy
without affecting other program parameters. The truly
fascinating aspect of the program, however, what that it
performed and evaluated experiments itself based on the given
instructional goals. Changes that resulted in positive
improvements in teaching performance (as measured by t-tests
of students' scores) were automatically incorporated into the
teaching strategy, which changes that resulted in deteriorated
teaching performance were discarded.

[2] Two errors in that report should be corrected. First,
O'Shea 1is Director of the Open University's Microcom-
puters in Schools project, not its Institute of Educa-
tional Technology. Second, O'Shea's system does (or did)
exist: it was implemented in LISP and ran on a CDC
6600/6400 at the University of Texas at Austin.
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6.4 Intelligent Instructional Interfaces

When it comes to using CAI teaching students about computers
as we do in BEducational Services, the three AI applications
described above must be evaluated in slightly different terms
than those in which they were originally developed. John
Ulrich of DEC's Knowledge Engineering Group sees two main
problems with the type of CAI embodied in courses such as
EDTCAI. PFirst, he feels that students may have trouble
understanding these courses because they teach things before
students fully appreciate the value of the material being
taught. Second, he feels that the instructional context of
these courses is often significantly different from that 1in
which students will eventually work.

As a remedy to these problems, Ulrich has suggested that we
build what he calls an "instructional interface". Such an
interface would be similar to that described by Shrager and
Finin (see Section 5.2.2 of this report), but it might go off
into CAI sequences if students so requested rather than just
presenting short help messages as in Shrager's and Finin's
system. Ulrich feels that putting this interface between
naive users and the operating system or common utilities would
provide an effective way to teach them only what they need to
know and to do so in the same context in which those skills
will eventually be used.

This idea is an interesting one, though rather ambitious. it
would involve essentially the same problems encountered by
Shrager and Finin, and I am doubtful as to whether significant
problems in student's misunderstandings could be identified
simply by monitoring their work in this manner without
incorporating a number of gueries to refine the system's
assertions. Ulrich's concerns are worth considering, however,
and might be addressed by implementing a slightly modified
concept.

Assume for a moment that the EDT editor could be modified so
that (1) it ran in a software-definable screen window, and (2)
it could be run as a subprocess controlled by a program that
could monitor all of its I/0. (For a discussion of the impli-
cations of these capabilities, see Zimmerman and Heines,
1981.) If these modifications could be achieved, it would be
possible to let students run EDT in a corner of the screen and
interact with them about their activities in other parts of
the screen. The monitoring program would then form an
intelligent instructional interface 1like that suggested by
Ulrich. It could trap inefficient command uses 1like those
described by Shrager and Finin, but it could also assign users
sample tasks that they would perform in an environment
matching that of EDT itself very closely. When users first
begin using this interface the EDT window might be small. As
they become more proficient, the window could be allowed to
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grow until it filled the entire screen and the instructional
interface was essentially removed.

Such an approach would have distinct advantages over most
current AI/CAI systems because it could take advantage of the
techniques that have already proven themselves effective in
our current CAI materials. The most important of these tech-
niques is graphics. Virtually none of the classic intelligent
tutors have made any use of graphics, although this fact is
quickly changing due to the capabilities of the Symbolics LISP
machine (Stevens, 1982) and its competitor at Xerox.

One graphics application in the intelligent instructional
interface for EDT described above might make the contents of
the cut and paste, word, and character buffers visible for new
EDT users outside the main editor window. (Wendy Mackay first
implemented this visual technique in the original EDTCAI
course.) Implementing the interface on a VT1l25 would also
allow it to do things such as pointing to user errors via the
separate graphics plane without disturbing the editing context
in the text plane. This effect would be similar to having a
human tutor point to something on the screen as he or she
explained the problem.

The combination of these facilities with an effective student
model and tutorial strategy could be very powerful. Tasks
such as editing can be easily modelled and their component
activities easily quantified. Ulrich suggests that one could
build models of naive users, users with 2-3 weeks' experience,
and intermediate/advanced users and tailor the tutorial
strategies and amount of hand-holding accordingly. Though by
no means trivial, implementation of a program of this type
should be relatively straightforward, assuming that EDT could
be interfaced to a CAI program with the required levels of
windowing, I/0 filtering, and control facilities.
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7.0 RESEARCH EFFORTS TO BE PURSUED

My work at The British Open University has actually focused
more gquickly on specific applications than I at first thought
it would. The central location of The Open University has
also put me in touch with faculty at other British colleges
and universities, including Brunel, Sussex, Loughborough,
Edinburgh, and Imperial. It has been easy for me to f£ind
researchers to exchange ideas with, and this fact has helped
put a lot of my reading of the literature into perspective.

Tim O'Shea has arranged for me to have direct access to the
University's DECsystem—-20, and, to my very pleasant surprise,
the Computing Services staff has loaned me with a GIGI termi-
nal in exchange £for some help with ReGIS. The DECsystem-20
here has three flavors of LISP and versions of PROLOG and OPS,
so I have been able to study these AI development tools as
well. Given the availability of these tools and the steadily
refining focus of my research, I now plan to try to do some
prototype implementation during my stay here rather than just
planning to write a specification for incorporating AI into
Educational Services current CAI activities. Efforts in this
area should make it easier for me to write a specification
from a more knowledgable and experienced position when I
return to my post in Bedford next April. '

My current plans are therefore as follows:

e continue reviewing the AI/CAI literature and studying AI
languages (concentrating on LISP) through the end of
December,

e focus in on a very small, prototype AI/CAI implemen-
tation project that can be completed by the end of my
stay here and have this project completely defined and
specified by the end of January, and then

® begin writing code for the prototype software by the
beginning of PFebruary, incorporating graphics wherever
feasible.

My current thoughts on a prototype project involve looking at
two areas: a course on editing as discussed in Section 6.4 and
a course on ReGIS graphics programming. Editing appears to
have a wider initial audience, but the systems problems
involved with windowing and 1I/0 filtering when EDT is run as a
subprocess appear to be exceptionally difficult to tackle.
The required systems software can be much more easily built
for a course on ReGIS due to its more limited subject domain.
Tackling this subject matter therefore Llooks 1like it would
allow greater concentration on incorporating AI techniques
into the course's presentation and exercise routines. Experi-
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