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MATHPERT: An Expert System for Learning Mathematics

MICHAEL J. BEESON
DEPARTMENT OF MATHEMATICS AND COMPUTER SCIENCE
SanN JosE STATE UNIVERSITY
SAN JoseE, CA 95192
beeson@mathes.sjsu.edu

Abstract!

MATHPERT is an expert system in mathematicas designed explicitly to support the learning of algebra,
trigonometry, and first semester caleulus. This paper will describe what MATHPERT can do and how it is
to be used by students. The internal design of MATHPERT will be described elsewhere. MATHPERT is
'mtel;ded to be used either alone or as a basis for more explicitly tutorial programs (which are not described
here).

MATHPERT is an expert system in that it is capable of solving (almost) all problems in the stated subject
domain internally and autonomously.? In this respect it is similar to existing computer algebra programs such
as MACSYMA, MAPLE, or Mathematica. However, it differs from them in several respects, which are not
only important but vital for education. The most basic of these differences are that MATHPERT is glass box
and cognitively faithful; these terms are explained in the paper. MATHPERT produces not just “answers”,
but full step-by-step “solutions”, with each step intelligible to the user and justified on-screen.

MATHPERT also incorporates a fairly sophisticated user model, and uses it to produce step-by-step
solutions at a level of detail custom-tailored to the knowledge of the individual user.

MATHPERT iz based on the analysis of the stated subject areas into several hundred operators which can
be applied to mathematical expressions. When MATHPERT is operating in “menu mode”, the user chooses
which operator to apply next. The computer carries out the actual application of the operator. Operators which
are “well-known” to the student, according to the student model, will be applied automatically, allowing the
student to focus on the less well-known parts of the problem. At any time MATHPERT can be switched into
“automatic mode”, in which it will not only apply the operator but choose it, thus generating one (or more)
steps of the solution automatically. The user can return to *menu mode™ at will.

MATHPERT accepts arbitrary symbolic problems from the user; for example, a student might type in her
homework. MATHPERT is designed for use with existing courses; whether or not the class is officially using
MATHFPERT, an individual student should be able to use MATHPERT beneficially. It is designed to be
useful to students across the spectrum from those needing remedial work to the very brightest students.

MATHPERT includes a (two-dimensional) graphing package capable of every kind of two-dimensional
graphing that might be useful for students, including facilities for rapidly changing the value of a parameter or
the portion of a graph visible on the screen.

MATHPERT is written in Prolog and C, and runs on an IBM PC/AT with an expanded memory board
and EGA or CGA graphics.

Glass Box and Cognitively Faithful

An expert system is called glass box if you can see how it arrives at its answer. MATHPERT ecan print
out the individual steps of its solution, with their justifications. (We use the word “solution” to mean such a
sequence of intelligible steps, whose last line is the “answer”.)

An expert system is cognitively faithful if its own internal solutions correspond to the solutions a human would
produce. MATHPERT solves math problems in the way we teach students to do, rather than using high-
powered algorithms. Cognitive fidelity must be designed for from the beginning, as the demand for cognitive
fidelity complicates the construction of an expert sysiem considerably.?
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3The range of MATHPERT 's capabilities is extensive. For example, it can solve problems in simplification, including all kinds
of exponents and radicals, factoring, equation solving including transcendental equations, trig identities, limits, differentiation, and
integration.

3The term glass box ie in the literature, e.g. in Anderson [1988], Burton and Brown [1882] (where it is credited to a 1977 memo
of Goldstein and Papert). The term cognitively faithful has probably been used, too: certainly the concept appears in Anderson
[1988] and in Wenger [1987] (there under the name “paychological plausibility” ).







