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1. Introduction

Numerical methods courses play an important role in preparing future mathematics

specialists, because students taking the courses have to master methods for solving

practical mathematical problems which do not work with the strict methods of

academic mathematics.

The numerical methods course can be considered as a “bridge” between the

mathematical theories and objective reality. On the one hand, it is easy to discover that

many numerical methods are the direct consequence of mathematical theorems

projected onto practical problems. On the other hand, there are other methods which are

so simple and obvious that one can work them out, not from the theoretical premises,

but just relying upon the common sense or the geometrical interpretation of a problem.

Nevertheless there are also some methods, which boggle imagination with their

originality and distinctness of ideas, and which provide a non-standard approach

towards solving problems.

For these reasons it is a pretty difficult task to construct a numerical methods

course. In this paper we would like to outline some of the considerations which went

into the design of a computer-based course about numerical methods, and describe

some of the materials that have been produced to help students learn about this

important mathematical topic.
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2. Design issues

As we have suggested in the introduction, the theoretical part of a numerical methods

course is fairly difficult for students to understand. The definition of numerical

methods, on the one hand, requires a wide knowledge of academic mathematics in most

of its aspects. On the other hand, the whole mathematical background of numerical

methods rest upon assumptions which do not always seem very convincing. A student,

moreover, has just to accept many of these assumptions, because their justification lies

beyond the scope of their educational programme, and very often they are not even

mentioned in school textbooks.

Everything that has been mentioned above is accentuated by the fact that, besides

the theoretically established usage rules for one or another method, there are also

practical rules which have no strict justification, other than they are easy and effective

to use in practice. These rules define the area of applicability for given numerical

methods, normally going beyond that which is described in theory, and provide criteria

for the selecting the technical means to implement a chosen algorithm. They define

simple procedures and equations used for controlling calculations and evaluating the

problem solution to the required degree of accuracy. They are also important because

these practical rules enable a given numerical method procedure to implemented using

new technologies. However, the fact that the practical rules are not proved leaves some

doubt as to their validity, and this can only be removed through the experience of using

multiple numerical method in the same conditions that led to their creation.

It should also be observed that the numerical methods world is varied and

idiosyncratic: each method has its own particularity and its own area for effective

usage. The main task for a person selecting an appropriate method for solving a given

problem efficiently, is to develop an ability for selecting shrewd combinations of

different methods at various solution stages. Not only is theoretical knowledge in the

field of numerical methods required, but also intuition, based on personal experience of

using the methods in a practical context.

A numerical methods course must rest upon good laboratory routine due to its

fundamentally practical nature, and its success depends, to a large extent, on the quality

of the laboratory work. In standard presentations, however, the numerical methods
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laboratory element is reduced to finding and executing the calculations appropriate for

solving the problem, in accordance with a chosen algorithm. The problem is that a

student’s activity can focus solely on reproducing the correct algorithm and doing the

“spadework” on figures, but, in doing so, lose the problem’s essence. From this point of

view, using computers makes it possible to facilitate and automate this numerical work,

so that the student can focus on the meaning of a problem and the methods used, rather

than just their execution.

3. A course for numerical methods

We believe deeply that the significant changes needed to establish the numerical

methods course and, as a result, the corresponding changes in students’ mathematical

training, can be reached only by transforming the laboratory routine into a cycle of what

we call ‘study researches’. They were devised with two things in mind. First, study

researches should not be embedded into the routine as separate episodes, but they must

constitute the essence of each laboratory work. Second, they should be

computer-based, using the type of software that normally supports professional

mathematical activity.

The first factor implied a restructuring of the whole course, giving lectures the

specific role of providing a thematic overview of the various numerical methods used,

becaming a necessary condition for the course’s step-by-step development. Students’

researches became more complex and deeper, with an emphasis on practical activity

using the numerical methods described in lectures, and aimed at developing students’

research skills and abilities through activity. One should note that the episodic usage of

study researches in laboratory routine rules out as not reasonable, the principle of:

“from time to time”. Practice showed that without the study researches forming an

integral part of the laboratory time, students do not comprehend the gist of given

problems, and they do not gain sufficient levels of research skills. A result of

implementing the student researches so that they did not form an integral part of the

course was that instruction reverted to its customary style, giving the students’

activities a certain element of randomness and scrapiness.
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As for the second factor, the orientation of educational process in higher education

establishments towards using the modern professional equipment, but not towards

systems designed exclusively for learning, seems to be more expedient. Such

orientation, on the one hand, enables students to develop the basic skills of using

computer for professional purposes, and, on the other hand, demands a fairly high level

of study research.

The kind of support packages which are used worldwide nowadays by professional

mathematicians, are not designed for learning purposes. They provide tools for solving

a wide range of standard mathematical problems, leaving the used solution methods

hidden from the user. At the same time such packages have pretty powerful and

comfortable built-in facilities, which allow expanding of package functions, including

those which allow it to be adapted for the purpose of learning.

We have used the MathCAD package for establishing the study research works on

our numerical methods course. We chose the MathCAD package, because it is widely

used for solving practical mathematical problems, and it has a number of features

which allows it to be used in teaching. In our case, MathCAD made it possible for us to

create a dynamic screen page for which we have worked out a set of dynamic base

outlines (DBO), that supported the implementation of all course themes. Coupled with

a free cursor that scrolled all over the monitor and a fairly powerful built-in language,

we were actually able to present students with a virtual lab for carrying out the

calculation experiments.

Creating the DBO in a MathCAD environment consisted in developing a program

which realized the appropriate numeric method algorithm, and building an interface

that was convenient for entering data for a problem and presenting the results of the

chosen algorithm on the screen. Mathematical features in the package were also used to

check the quality of the results from each use of an algorithm. Two examples of DBO

for piecewise interpolation are shown on Fig.1.
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Fig. 1a:

DBO showing a Piecewise Interpolation

Fig. 1b:

DBO for a Spline Interpolation

Figure 1a. shows the result of interpolations using a piecewise interpolation, and

Fig. 1b. show the same process but using a spline interpolation. Students were able to

see the errors produced by each approximation, and, by varying the parameters of the

interpolation algorithms, observe the conditions needed for a more accurate

interpolation.

Each DBO was orientated for working with one of the numerical methods and gave

an opportunity to make multiple tests of a method in various problems, displaying the

results in numerical and graphic form. While carrying out this study research, a student

had to fulfil a series of such tests. On the basis of the data, which was obtained due to

observation of the displayed calculation process characteristics, and after comparing

and analyzing the characteristics in question, a student was able to draw some

conclusions about the quality of the algorithm being studied.

It should be noted that the problems that were to be solved by a student during the

study research differed greatly from those ones which constitute the essence of

traditional laboratory work. For example, while examining the numerical methods for

solving equations, students have to determine which criteria should be selected to

assess the proximity of an approximation to the desired value of an equation root. This

involved making a decision about the degree of precision needed for either an

approximation to a solution, or how a given approximate value iterates in relation to a
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previous one. The following problems were set for each of the methods examined to

explore the difference between these:

• evaluate experimentally the order and speed of the method’s convergence

• find the main factors, which affect these characteristics

• determine the applicability of this method being investigated.

Students were offered the opportunity to study each of these situations for several

equations roots in the examined segment, including the availability of complex roots.

At first sight, examining the interpolation formulae seemed clear; greater accuracy

was obtained by using more interpolation nodes, and a larger polynomial degree.

However, students had to make sure for themselves that the processes of interpolation

do not always happens in this way. They soon discovered that to reach the required

precision meant sometimes changing their tactics; for example, instead of building the

nodes up, one might use fragmentation of the interpolation interval. Students were

aiming to build up the best possible function approximation on an interval for a limited

function value quantity. They had to ask themselves several questions such as: how do

we go about finding the necessary information; which interpolation method gave the

most reliable result? On the basis of these experiment, students set up a rule for

selecting those values which should be taken into consideration when minimizing error,

as they examined questions on the precision of function compensation using the

interpolation formulae at intermediate point using a table.

4. Plan reports

To make student more conscious of their activities, and to aid them in reaching the

predicted learning objectives, we have worked out a methodological support using

what we call ‘plan-reports’ for each laboratory session. Plan-reports have the same

structure consisting of two parts – the informative and the instructional. The

informative part contains the themes and goals of the topic being studied, and includes

any computer-based activity that may be required, specifying the characteristics of any

numerical input and output or graphic data needed.
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The instructional part contains completed runs with its key moments marked and

stated. To orientate students towards the research implementation, they were given a

list of special questions. Some of the questions were dedicated to developing students’

intuitions on how the studied method worked in a particular situation, while other

questions were dedicated to giving students a hint that such ideas might not be correct.

Thinking over the given questions, students had a chance to get acquainted with a

problem, understand it, and build up a working research hypothesis.

The remainder of student’s work was devoted to checking and refining any

hypothesis they had made to make it more specific. This work was implemented

according to a suggested plan which defined separate research stages with specific

problems to be solved at each stage, and experimental material that must be obtained.

As the routine went on, instructions for students became less detailed, taking the form

of suggestions rather than instructions. Some experiments were set as individual

investigations, so that students had to think over the problem and implement solutions

by themselves, without formal instructions. In laboratory work, the individual variants

of problems packages were worked out, with each method being tested on these

problem packages to gain experimental material corresponding to the learning

objectives of the topic. If students wished, they could supplement these packages with

the problems of their own choice.

The final stage of the research was to draw the necessary conclusions in the form of

findings which were marked out in the plan-report with varying degrees of explicitness.

Hints were given to students to re-inforce the results of the research, work out its

structure, and draw their attention to the significant aspects of the research that formed

the learning objectives of the activity.

Implementing the planned research gave students a fairly deep understanding of the

features and specifity of the method being used, and this was reflected in a ‘free topic

composition’. This consisted of creating a practical problem, and solving it using the

particular method being studied.

We should note that plan-reports could be produced for the students in both printed

or electronic form. The latter was used along with DBO during the laboratory work
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runs, and was convenient for moving the experimental data from DBO to the prepared

tables when preparing the record material.

5. Conclusion

The experience of introducing the described routine into the educational process at

physico-mathematical school of Kharkov State Pedagogical University allows us to

draw the following conclusions. The numerical methods course was found to be very

important, with the number of methods examined being expanded to a great extent,

and new types of problems being brought into the educational process. The study

researches turned out to be an effective educational tool for developing different

aspects of students’ learning, given the proper programming and methodological

software, as well as a bit of persistence on the teacher’s part.
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