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May C. Abboud* (Lebanon) Mabboud@beirut.lau.edu.lb
Mathematica in Undergraduate Mathematics Courses - A Teaching or Learning Aid?

This paper is based on a three years' experience in using "Mathematica" in the following undergraduate courses: Calculus, Abstract Algebra and Numerical Analysis. The experiences in each of the courses were dissimilar because of the extent of integration into the course, the size of the class and the maturity of the students. In one case, "Mathematica" became a tool for problem solving, visualization and interpretation of results, whereas on the other side, it became also a tool for exploration, abstracting, formulating and testing hypotheses. Classroom culture and the use of traditional textbooks were a further impediment in the creative use of the technology.

Bengt Ahlander* (Sweden), ba@ostrabo.uddevalla.se
Why use CAS with TI89 in mathematical education? Classrooms experiments.

New ways of teaching mathematics with CAS are coming now very strongly with the help of a very good CAS tool such as the algebraic calculator TI-89. You ought to start thinking how to approach math with tools such as the TI-89.  My thoughts will be  presented here. 

Differential equation:

a) Movement from a string with friction.


b) A current from a circuit with resistance, condenser and coil coupled in series

Polynomial: What polynomial fits to given points?

Animation of the definition of the derivative

How to solve linear equations. How to solve systems of equation.

How to treat upper sums and lower sums of a function. (Rieman integral)

G. Albano*, A. Cavallone, C. D'Apice*, G. Gargiulo (Italy), dapice@diima.unisa.it
Mathematica and didactical innovation: a quadric use case

The aim of this work is to describe a package for the education in mathematics focused on the study of the quadrics. It is structured in an hypertextual way, including a part of theory and a guided laboratory.In the tutorial the quadrics are introduced starting from the definition and proceeding with the classification and the reduction to a standard form. The laboratory part has been given a structure designed in order to make the final user's interface as friendly as possible. Such an improvement has been obtained by the insertion of buttons and links that make it possible to use all implemented functions without prior knowledge of  their syntax.

Michel Beaudin* (Canada), mbeaudin@seg.etsmtl.ca
Using the TI-92Plus:  Examples

We incorporated the use of the TI-92/92+/89 in order to help our ingineering students to use Computer Algebra in the classroom, not only in the labs.  We will present live examples in order to make connections between subjects.  For example :    we will solve equations using different methods and showing why the Algebra menu of the TI-92 is a teaching tool ;  in multiple variable calculus, we will look at Lagrange multipliers problems with the help of the « zeros » function and 2D/3D graphics;  in ODE courses, we will focus on some problems involving Laplace transforms/convolution, Fourier series, slope/direction fields, numerical methods, chaos, …

Josef Boehm* (Austria), nojo.boehm@pgv.at
Basic Skills versus Technology - not a Contradiction but a Completion

Are certain basic (manipulating and other) skills still necessary in math teaching? If so, then we should talk about which ones and in which amount. Some examples shall demonstrate that we can use modern computer- and hand-held-technologies to encourage pupils and students of all levels to practise those skills which might be neglected in many cases using technology in math education. The examples presented have proved to be successful in classes but certainly there are many possibilities to improve the basic ideas in many ways using the features of all resources available at the moment.

Justo Cabezas, Eugenio Roanes-Lozano* (Spain), eroanes@eucmos.sim.ucm.es
Some Reflections About the Impact of Computer Algebra Systems in the Ordering of the Curricula of Mathematics

The contents of a curriculum can be ordered w.r.t. different criteria, but for many years Mathematics have been taught 

everywhere following the same ``general'' pattern. We are designing, implementing and testing a set of classroom experiences in order to try to prove that the use of Computer Algebra Systems (CASs) makes it possible to change the order of topics. Also a CAS can override the need of a detailed knowledge of algorithms in some cases. These reflections are extensions of well-known theories (scaffolding, black and whyte boxes...). The experiences already carried out confirm our thesis.

A. Cavallone*, C. D'Apice*, M. Marsella, S. Salerno (Italy), dapice@diima.unisa.it
A didactical laboratory: image filtering

Fixed images can adequately be represented in mathematical form like functions f(x,y) of two variable x and y, space co-ordinates that characterise several points in the plan of the image, where f is the level of gray in such points, or the reference to a data structure that contains information on the three fundamental colours of images. The aim of this work is to create a virtual laboratory by which it is possible to carry out experiments on the images filtering. In such a way teachers are able to introduce students to some mathematical functions, as the Fast Fourier Transform, that otherwise would seem abstract.

Tenoch E. Cedillo A.* (Mexico), tcedillo@ilce.edu.mx
A number-based approach to introductory algebra: A study with 11-12 year olds using graphic calculators
Research results obtained from using graphic calculators as mediating tools to help novice students express and justify generalisations are addressed. The study was carried out in different stages and school settings. In 1994-96 within a highly framed classroom environment, with 25 students and the researcher playing the role of the teacher. In 1997 the investigation continued, a real full-time teacher with a class of 40 students was in charge of the classroom and the researcher only observed and analysed the classroom work. Finally, in 1998), the research involved 18 middle schools throughout the country, around 100 teachers and 10000 students took part.
Garry Clark* & Edward Redden (Australia), gclark@metz.une.edu.au
Using Logo as a Scaffolding to Develop Algebraic Thinking in a Virtual Classroom

Literature regarding the introduction of algebra in schools advocates a number of methods including the use of patterns, modelling, problem-solving and functions. All have in common the expression of generality which Krutetskii said was a key concept in identifying mathematical giftedness. The writers have been researching the efficacy of Logo in introducing algebraic concepts by addressing the following research questions 

a) Can geometric investigations in a Logo environment provide a suitable context for the generation of algebraic concepts?

b) Does this environment facilitate notions of expressing generality in children and how readily are these notions of generality recorded in symbolic language

A series of comparitive case studies has been developed with 7 students enroled in an online talent education development program. The data consists of a dialogue that is conducted between the online tutor and the participant in the program. The paper identifies a number of algebraic constructs that emerge from conducting investigations in a Logo environment. More importantly it details the intellectual struggle of a number of students as they interact with the environment.

Badr Defouad* (France), bdefouad@magic.fr
Instrumentation processes underlying the use of TI92  at high school level

During two years, we have been involved in a research project dealing with the integration of the calculator TI92 at high school level. The purpose was to analyse:

· the processes underlying the instrumentation of the TI92.

· the mathematical knowledge required for this instrumentation.

· the articulation between this kind of knowledge and the one expected by the 

     institution.

The data include questionnaires, classroom observations, assesments and a biographical study of 9 students.

We will focus on the biographical study of the students, presented through the results of two interviews and a specific assesment, particularly on the part concerning a classical task at this level of schooling : function study.

Mariló López González, Javier Rodrigo Hitos* (Spain), mate@icai.upco.es
Searching roots for three degree polynomials with the help of Mathematica

Mathematica is a mathematical computer program that represents an exceptional tool to create and teach mathematics.

At present, the visualization and model of maths with mathematical assistants such us Mathematica, play a very important role in the teaching of mathematics. 

In this paper features of Mathematica have been used to find polynomial roots.

A new method has been developed  to find exact polynomial roots, without using complicated techniques, with the help of the program. This method is presented for three degree polynomials. It is supported in reduce a general polynomial to one in the form x3-b, whose roots are easily calculated.

Miguel de Guzmán* (Spain), mdeguzman@bitmailer.net
Discovery Experiences in Synthetic Geometry with DERIVE

The capabilities of DERIVE for combining its graphical with its analytical tools in dealing with the exploration of certain traditional and less traditional problems of synthetic geometry have not been used as much as they deserve, in the author's opinion. DERIVE as a geometrical tool presents certain advantages over more familiar programs dealing with geometrical constructions, although of course it is not designed to be such an interactive instrument in the teaching of geometry like CABRI or GEOMETER SKETCHPAD. In this presentation several experiences are described on how DERIVE has helped the author to conjecture, and sometimes to prove, some new facts connected with such objects as the Wallace-Simson line, Jakob Steiner's deltoid, Morley's triangle,... The way one can proceed is to define certain DERIVE functions that allow one to graphically experiment in con​crete cases and then one can use DERIVE's analytical capabilities in order to prove the conjectures one makes by exploring the figures one has obtained. This path has led for example to an interesting extension of the Wallace-Simson theorem which is going to be published in the American Mathematical Monthly (June-July, 1999).

Gary A. Harris* (USA), harris@math.ttu.edu
The Use of Mathematics Specific Technology in Capstone Mathematics Teacher Preparation Courses

We describe how the computer algebra system MAPLE is used in two capstone mathematics courses taken by students who are preparing to teach mathematics at the middle school or high school level. Both courses use materials developed by the author and have been taken by over 300 students.  Our philosophy is simple: Mathematics is the focus, technology is a tool.  We will share what we have learned in the development and conduct of these courses.  We will provide examples of the course materials and we will discuss issues involving student achievement and assessment.

Ralf Hillebrand*, Frank Postel (Germany), tonner@plato.uni-paderborn.de
Flexible Mathematical GUI Controls for Mathematical Electronical Documents

The MuPAD Group develops mathematical software components which may be used as plugins in other software packages:An editor for input and output of mathematical expressions, a Control for mathematical computations based on MuPAD and a graphics tool for visualization and manipulation of three-dimensional objects. These Controls can be integrated into presentation tools such as Microsoft PowerPoint, Internet Browsers or professional authoring tools 

such as Toolbook, Director or Authorware. The Control for mathematical computations combines the power of a computer algebra system with the demand for special user interfaces for educational purposes. The target group of these Controls are authors and publishers of electronical mathematical documents. 

David J. Jeffrey* (USA), djj@uwo.ca
Some traps teaching linear algebra using computers

Linear algebra has been taught to engineers at the University of Western Ontario for several years. The students have access to computer assistance in the form of Matlab and HP48 calculators. The students are allowed to take their calculators into the examinations. The presence of calculators has changed the contents of the course and the way it is taught. My experience has been that it is not possible to take an existing course and simply enrich it using calculators. The topics taught and how they are taught must be rethought. Several times I have been trapped by the calculators. After an exam, students come to my office complaining that it was the calculator and not them who made the mistake. On several occasions they have not been entirely wrong. Using several actual examples, I shall describe how the presence of calculators and computers has forced me to change the content of the course I teach.

A Kehagias and  P. N. Vlachos* (Greece), pvla@ac.anatolia.edu.gr
Computer Aided Instruction for Business Calculus in an International Liberal Arts College

In this paper we present a Computer Aided Instruction project that was conducted at the American College of Thessaloniki, Greece. Using a formal controlled experiment,   we assess the efficiency of  a computer based designed course  (Laboratory setting, use of MathCad electronic notes specifically prepared for the course, Web Based system for dissemination of information etc.) in enhancing the understanding of important mathematical concepts, in improving overall performance and in making mathematics more  interesting and attractive for students. The assessment of the experiment is based on both statistical hypothesis testing and analysis of qualitative data (perception questionnaires etc.)
Vlasta Kokol-Voljc* (Slovenia), vlasta.kokol@uni-mb.si
Exam questions when using CAS for school mathematics teaching

Using computer algebra systems for teaching 12-18 year old students is going to change the teaching methods, the contents of what we teach, and, last but not least, the exams. We present and discuss appropriate exam questions.

Bernhard Kutzler* (Austria), b.kutzler@eunet.at
CAS as pedagogical tools

Computer algebra systems automate much of what we teach today . Many ways of using such tools for teaching at virtually all grade levels have been proposed in the past few years. We develop a two level framework for understanding, categorizing, and planning the use of technology in teaching and learning. At the first level we distinguish between the two basic uses of „automation“ and „compensation“. At the second level we discuss the four applications as pedagogical tools for „trivialization“, „experimentation“, „visualization“, and „concentration“. Based on this framework we develop the „scaffolding method“ as a pedagogically justified sequence of using and not using technology to achieve a given teaching goal. We demonstrate the method with two examples: Teaching the solving of linear equations and teaching the solving of systems of linear equations. Finally we discuss the implication of technology to assessment.

Alain Moussiaux* (Belgium), amoussia@fundp.ac.be
CONVODE: A Reduce package for solving differential equations

CONVODE is a REDUCE package that resolves ODE, PDE, systems of ODE, PDE, ... The use of CONVODE is very simple. The package is constructed on classical methods for finding solutions and also to keep its user aware of the solving process. By design, CONVODE is not a „black box“ providing a solution without comments. In the opposite, we know the way followed by CONVODE to provide a solution. We do not claim that this way is always the best but we want also preserve the „pedagogical“' look of our package for use by students. Convode may also be used via E-mail without problems,see: http://www.physique.fundp.ac.be/physdpt/administration/convode.html 

Joseph D. Myers*, Kelley B. Mohrmann, Terry T. Crow (USA), aj5831@exmail.usma.army.mil
Derivations and Visualizations for the Hydrogen Atom

We demonstrate an Interdisciplinary Lively Applications Project (ILAP) from a PDE course that demonstrates the applicability of the material to Math majors and prepares Physics majors for the applications they will wrestle with in their majors courses. This project supplements student handiwork with Mathematica to help analyze the resulting ODE's and with Maple to let students visualize and experiment in order to get a better feel for how the math translates into physics. We find that this project helps motivate the material, previews a difficult subject for the physics majors, and helps translate between the math and physics jargon in a way that usually isn't done in either course alone.

Bill Pletsch* (USA), bpletsch@tvi.cc.nm.us
A Computer Classroom Lecture: Asymptotic Convergence of Rational Functions

Computer algebra in the mathematics classroom will be discussed with special attention to the computer classroom . A specific computer classroom lecture will be demonstrated, that of the convergence of a rational function to a polynomial. Computer algebra is in a unique position to aid students in learning this concept. Symbol manipulation is necessary to do the polynomial division. Simultaneously, the presentation will demonstrate the modern methods of presenting a mathematical concept from the numerical, graphical, and symbolic points of view.

Frank Postel*, Ralf Hillebrand (Germany), frankp@plato.uni-paderborn.de
A Tutorial Mathematical System for Elementary Schools

Modern Computer-Algebra-Systems (CAS) are not suitable for teaching elementary algebra to school classes from year 7 to 10. The use of CAS in schools requires a sophisticated user interface and specialized methods for school usage. The system should compute step-by-step and must keep the order of subexpressions.

We develop such a tutorial CAS based on MuPAD. It will give warnings, when the student makes a mistake or tries to make a step, which is not appropriate for the solution of the problem at hand. Further, the system offers help on request suggesting appropriate next computational steps. All this will be possible for arbitrary problems entered by the student.

Rein Prank* (Estonia), prank@cs.ut.ee
A Scheme for Conservative Use of Computer Algebra

In Tartu University we are using a Propositional Formula Manipulation Assistant where the instructor can fix Subformula Location Mode: 

a) LINEAR (shifting the ends of highlighted substring), 

b) TREE (usual mode of CA programs) 

and Subformula Replacing Mode: 

a) IMMEDIATE (input of replacing string), 

b) RULE (the student chooses the rule/procedure from menu), 

c) INPUTRULE (the student enters the rewrite rule). 

Such scheme does not change the traditional role of the student and allows to implement many tutoring strategies. We discuss the problems of didactic adequacy of the interface.

E. Roanes-Macias and E. Roanes-Lozano* (Spain), eroanes@eucmos.sim.ucm.es
About how to implement Geometric Transformations on a CAS

The purpose of this paper is to give the basic ideas about how to elaborate an implementation on a CAS of the transformations in the 3-dimensional real Euclidean space. These transformations could be defined in three optional ways: in synthetic mode, by its equations, or by taking a given list of points into another one. We also describe how to classify the product transformations, find fixed planes, split isometries as product of reflections and obtain a plot of a polygonal line and its image. Some practical and didactic comments are included. We also describe our implementation in Maple V.

Jim Schultz* (USA), schultz@math.ohio-state.edu
High-Powered Technology in a Low-Level Mathematics Course

The presentation reflects on a special version of Consumer Math taught to university students using ordinary calculators, then spreadsheets, then symbolic manipulators (TI-92s). The presence of the technology provided an opportunity to reconsider the goals and directions of the course. Outcomes included the following: Paper-and-pencil skills were subordinated to skills involving the use of the technology. Number and estimation sense played a more significant role. The focus shifted from solving given equations to setting up equations to model situations. More emphasis was on placed students' thinking, less on routine computations. Students learned to think about and answer non-routine questions. On account of the technology, useful applications were more accessible. "Consumer math" was interpreted broadly to go beyond money matters to include being mathematically literate citizens. All of this 

contributed to the students valuing the course.

