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Abstract

Since it is generally considered that the role of a Computer Algebra System (CAS) in
education is to enable students to solve hard, real-life problems without getting bogged
down in minutiae of symbolic computation, the issue of generating plain drill exercises
within CAS environment is usually not viewed as important. The premise of this paper is
that certain fundamental skills of basic algebra have to be mastered through repeated
practice of drill exercises. Today, typical high-school algebra teachers are often faced
with workbook / software combinations that do not meet their specific didactical needs.
This is a surprising state of affairs, considering the power of existing CA systems. In
this work, we will describe how an educational CAS can be used to generate problems
that are based on teacher defined templates.

Introduction to Algebrator

Algebrator is a CA system specifically designed for high-school algebra
students and teachers. Besides being able to solve a wide variety of
symbolic problems, it also provides a step-by-step solution process and
explanation of each transformation it performs. The system is highly
customizable in respect to the details and the level of interaction with
students. The following is an example of a context sensitive-explanation

generated by Algebrator:
I&Tﬂi-mp}

Fig. 1 - Context sensitive explanation generated by Algebrator
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Template Based Problem Definition and Generation

One of the goals of Algebrator is to free the teachers from the drudgery of
creating exams, homework assignments and other similar documents.
Typical mathematics education software does this by either supplying a
database of pre-made problems or generating them based on built-in
templates. If these templates do not produce the type of problems that are
needed, the teachers are faced with the prospect of manually entering
problems of their own choosing. There is very often a need to create a set
of similar exams or homework assignments in order to diminish the
unwanted student collaboration. These are often referred to as twin
documents; twin being a description of a practical restriction rather than of
a voluntary choice. Ideally, each student should have a slightly different set
of take-home problems.

The problem of generating multiple problems of similar algebraic structure
is addressed in Algebrator through user-defined problem templates. A
teacher can define a problem in general terms and then let the system
generate a number of instances within a specified range. Here is a
definition of a problem template that creates a reducible fraction in which
the numerator is a difference of squares or cubes, or sum of cubes, while

the denominator is one of the numerator’s factors:

& Expression Editor - {templ_exp] BRI B

‘ Fig. 2 - Defining a template problem
This template can be used to generate problem instances such as:
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9x* -16y 27x*-216y° 125x° +y°
3x—4y ° 3x-6y S5x+y

Some more complicated templates require a little bit of preparatory work.
For example, a sum of squares is factorable when there exists a perfect
square term that is also the ‘missing’ term in binomial expansion. For such
a term to exist, the original sum of perfect squares has to be of the form

a® +2*"2p* In such a case factoring can be achieved by adding and

subtracting the middle term 2va* v2*"?b* which, when simplified, yields
the perfect square 2°"a*"b*”. The following procedure can then be used to
factor the expression:

a4n +24m—2b4p i 22m a2nb2p -

(a4n 4 92m 2np2p 24m—2b4p) _ QM 2y _

(@ + 22"y (27 g bP)? =

@ +2°"'p* =27 a"b")(a@*” + 2°"7 b + 2" a"bP)

(ax+ y)* +2*"2p*?

The template (ax+ y)2n 4+ 02m1p2p _om (ax+ y)"b? uses the

reasoning above to create a set of reducible fractions such as :
1+4p" a? +4b* 1+64p"
1+2b°-2b°"a® +2b% - 2a%b’1+8b° - 4b°
Generating the following problem that produces the given solution:

4x+1 2x~4 + 4x+5 _ 3x-5
—6x2—13x+5 10x*+33x+20 15x2+7x-4 Bx-D(5x+4)

poses another kind of difficulty. Notice that after addition, one factor in the
denominator gets reduced with a factor from a newly created factorable
numerator. Here is one of the possible templates for the problem above:

ax+b N gx+h o kx+1 _ mx+n
ceX +(cf+dOx+df e +(gj+f)x+df cif +(ci+dx+df ci +(cj+dx+df
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Before proceeding with the template generation we need to find out the
relationship between the range variables in the problem and the solution.
Simple algebraic manipulation yields the following equations:

ai + gc + ke = me
g +bi+gd +hc +kf +le =mf + ne
bj + hd +If = nf

Finding integer solution sets for this system is quite hard. Fortunately,

It

Algebrator can generate instance problems directly from the equations:

3x+2 —-x+1 —4x-1

2 + 2 + 2 s
—2x"+6x—-4 x"-2x+1 -2x*+6x-4

4x+5 + -2x-1 2x+4
—20x* —13x+15 -10x*+x+3 8x*+14x+5’

4x+1 -2x+4 4x+5

2 + 2 + 2
—6x°-13x+5 -10x*-33x-20 15x*+7x—-4

Based on methods described above, Algebrator can also generate multiple
choice exams (together with correct and incorrect solutions), homework
assignments and entire problem workbooks.

References

— Jurkovic N., An Expert System for Teaching Pre-college Algebra., Proceedings of
the 17" IASTED International Conference on Applied Informatics, 1999, 322-329

= Jurkovic N., An Intelligent Tutor for High-School Algebra., Proceedings of 1987
ACM Fifteen Annual Computer Science Conference, 1987, 27-31

— Lichtenberger F., Self-explanatory Symbolic Computation for Math Education.,
SIGSAM Bulletin, 1984, Vol. 18

— Nicaud J.F., APLUSIX - un systéme expert de résolution pédagogique d’exercises
d’algebre. Theses, (LRI, University of Paris XI, 1992)

— Oliver J., Zukerman 1., Dissolve: A System for the Generation of Human Oriented
Solutions to Algebraic Equations., Monash University Tech. Report No : 88, 1988

- Sims-Kinght, J. Developing an Emirically-Based Applied Algebra Tutor., Journal of
Educational Technology Systems. vol 17(3), 177-188 1988-89

— Sleeman, D. and Brown, I.S. (Eds.) Intelligent Tutoring Systems (Academic Press,
New York, 1992)

— Stoutmeyer D.R., A Radical Proposal for Computer Algebra in Education. ,
SIGSAM Bulletin, 1984, Vol. 18

— Wenger E., Artificial Intelligence and Tutoring Systems (Los Altos, CA : Morgan
Kaufmann Publishers Inc, 1987)




	Portoroz: 


