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uring the past decade or so there
has been a substantial research and
development effort, not only in this
country but in many other parts of the

world, to create intelligent tutoring sys-
tems. These efforts have as their overall
objective the application of current re-
search in cognitive science to computer-
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based instruction or training. The hubris
of a new movement in education is to be
seen throughout the pages of both books
under review. Taken together, they give
a good sense of current work. The book
edited by Mandl and Lesgold contains 13
articles by 19 authors. The longer book,
edited by Psotka, Massey, and Mutter,
contains 18 articles by 39 authors, as well
as introductions to various sections by the
three editors. There is much overlap in
authorship between the two volumes, and
it is fair to say that many, if not all, of the
most active researchers in intelligent tu-
toring systems have written for one of the
two volumes.

In their preface, Mandl and Lesgold
nicely summarize the four major com-
ponents that are usually to be found in
an intelligent tutoring system. These are
the expert knowledge component, the
learning modeling component, the tu-
torial planning component, and the com-
munication component. Both volumes
contain descriptions of many interesting
developments and a wealth of general
remarks about the process of constructing
intelligent tutoring systems. It is neces-
sary to restrict any substantiation of this
general claim to a few salient examples.
In the Mandl and Lesgold volume, for
example, VanLane’s article on the theory
of impasse-driven learning is notable for
its detailed attention to past theorizing,
building as it does on the “buggy” studies
of Brown and Burton and on his own pre-
vious work on repair theory, which at-
tempted to give an analysis of the origin
of bugs. VanLane’s article is one of the
few in either volume that acknowledges
and refers to the extensive earlier re-
search on the learning of elementary
mathematics. His references go all the
way back to Buswell’s work in the 1920s.
His new idea concerns what happens
when the child who is learning elemen-
tary arithmetic encounters an impasse.

One of the few articles to present any
systematic data is that by Fisher and
Mandl (in Mandl and Lesgold) on the im-
provement of the acquisition of knowl-
edge. Unusual for these two volumes, an
experiment with well-defined variables
was conducted, and statistical analyses of
the data are presented. In addition, the
article is good on prior ideas of learning
that go back to the classic work of Thorn-
dike in the early part of the century.
Some systematic data are also to be found
(in Psotka et al.) in the article by Tenney
and Kirkman on the development of
trouble-shooting expertise in radar me-
chanics. In both cases where data are
presented, no sophisticated comparison

with theoretical quantities derived from
an explicit model is given.

Wilkins, Clancey, and Buchanan have
a useful and detailed chapter (in Psotka
et al.) on using and evaluating differential
modeling. The function of differential
modeling is to identify the differences
between the student problem solver and
the computer-based expert system. This
is one conceptual approach to the prob-
lem of identifying and correcting the stu-
dent’s approach to problem solving.

The article by Scanlon and O’Shea (in
Mandl and Lesgold) on learning elemen-
tary physics at the high school or uni-
versity level reports interesting qualita-
tive data from a long-term project. A
small number of students were studied
in detail, especially by the use of verbal
protocols obtained from the students.
Scanlon and O’Shea have some significant
conclusions that run counter to much of
the conventional wisdom in cognitive
science as applied to instruction. Perhaps
the most important conclusion is that the
use of multiple representations in prob-
lem solving can be more a hinderance
than a help to the student. They found
that students who were not doing well
moved back and forth between graphic
representations and representations in
terms of equations, without understand-
ing either representation adequately. The
main point is that students who have a
bad understanding of both representa-
tions will move from one to another
seeking a solution and will reach incor-
rect solutions in both approaches. The
key observation is that students tend to
leave one representation without thor-
oughly analyzing how it may be used and
move on to another representation too
quickly.

Omission of comment on the many
other articles does not mean they are not
of interest, but it is not possible to review
them individually even in a cursory fash-
ion. Consequently, I turn to some general
comments and impressions.

First, there is a tendency throughout
the two volumes for the tone to be too
self-congratulatory on what has been ac-
complished, for the results, as yet, are
rather limited. In their preface, for ex-
ample, Mandl and Lesgold state that pre-
viously ““the only theory available to
guide instructional development was be-
havior theory, which poorly matched the
cognitive goals of education” (p. v).
However, almost all the current articles
are far removed from complex learning,
and the cognitive models proposed are
simple and schematic in character.
Moreover, the subject matter that is
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treated is ordinarily quite elementary.
The several articles on mathematics deal
almost entirely with the learning of very
simple algorithmic parts (e.g., the four
rational operations of arithmetic or sim-
ilar computations in algebra). The much
richer material of intuitive geometry or
complex word problems at the level of
calculus or beyond is not considered.
Looked at from a long historical per-
spective, what is discussed in these vol-
umes in terms of elementary mathematics
is not an enormous intellectual advance
on the work of Thorndike early in this
century on arithmetic and algebra. In
fact, Thorndike’s work was probably
more systematically oriented toward the
analysis of data in these matters than are
any of the articles in these two volumes.
Another area in which there is an enor-
mous gap between the schematic models
proposed and the rich data available is in
the use of verbal protocols, which are
themselves not analyzed with any gram-
matical or semantic sophistication.

Second, there are many references to
learning research throughout both vol-
umes, but the references are almost all
soft and qualitative in character. Both
volumes are lacking in references to data
from other experiments or to quantitative
theory. In this connection, perhaps the
most surprising absence—and one that
is characteristic of what often happens in
the interface between the sciences and
education—is that there is almost no
mention of newer developments in
learning theory (e.g., the current exten-
sive work on neural nets and connection-
ism). In other words, there is no use of
the newest theory of ledrning, which it-
self has many relations to older behav-
iorist theories.

Third, there is almost no study of the
validity of representing a given domain
of knowledge in some particular way in
spite of the great emphasis on represen-
tation of knowledge. In the same vein,
there are very few appeals to any fun-
damental research on representation
(e.g., the extensive psychological re-
search on mental representations by
Roger Shepard and his collaborators).
Surprisingly, there is no reference to
Shepard’s work in the index of either
volume. As in the case of the recent work
on learning just mentioned, this is an old
tradition in education that needs correc-
tion: There is no attempt to stay abreast
of the best current relevant research in
psychology.

Fourth, there is a general lack of the
critical assessment that is characteristic
of good scientific work. For example,
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there is no discussion of the fundamental
computation difficulties of providing
deep assistance to students with an in-
telligent tutoring system if the domain of
problems is complicated. It is very likely
that it would not be hard to construct ex-
amples in mathematics or science where
to pursue the line of reasoning that a stu-
dent would use would require unreason-
ably lengthy computations (in technical
jargon, nonfeasible computations) to tai-
lor advice precisely to the student’s ac-
tivities. What is disturbing is the absence
of detailed theoretical discussions of any
problems of this character. Govindaraj,
for instance (in Psotka et al.}, does discuss
intelligent tutoring systems for the di-
agnosis of failure in complex engineering
systems, but he does not provide any-
thing but a very qualitative analysis of
the difficulties.

Fifth, in the same vein there are some
excellent discussions of troubleshooting
and of the problems of reasoning with in-
complete knowledge. An example is the
article by Massey, DeBruin, and Roberts
(in Psotka et al.), but surprisingly enough,
here and elsewhere, there is no mention
or development of the use of probabilistic
methods of analysis, in spite of their long
history in other parts of educational re-
search and of their extensive use in con-
temporary engineering and physics re-
search.

Finally, there is the general spirit that
more is better, but there are no compar-
ative data at all to show that the use of
an intelligent tutoring system will ac-
tually produce better learning results
than a much simpler system. Perhaps the
most interesting remark that I noticed in
this context in the two volumes was the
one by Scanlon and O’Shea (p. 262,
Mandl and Lesgold) contrasting the dif-
ference in approaches to teaching prob-
lem solving on the part of physicists and
mathematicians in the Open University
in Great Britain. The physicists, accord-
ing to this account, rely on very large
amounts of practice with feedback on ac-
curacy of solutions; in contrast, the
mathematicians try to teach problem-
solving strategies explicitly. There is no
attempt to make a claim as to which
method is better, but it is the kind of
study that is very much needed. There
are some anecdotal data that one of the
problems of intelligent tutoring systems
can be the following: If the tutoring sys-
tem is too slow, then spending time on
diagnosis and explanation is less efficient
than having the student work additional
exercises, using relatively simple correc-
tion procedures when errors are made.
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Almost all of us believe that there is cer-
tainly something to tutorial methods, but
what the two volumes do not really ac-
complish is the sophisticated presentation
of data showing some of the particular
strategies that are effective and some that
are not effective as tutorial approaches.

I have been critical in the preceding
remarks, but I want to conclude by stating

that my criticisms have been driven by
the conviction that the development of
effective intelligent tutoring systems is
as important as any instructional topic in
education. I also emphasize that much
interesting and suggestive work is re-
ported in these two volumes, even if the
scientific level of most of the reports is
disappointing.
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