Changes of teaching methods and mathematical content caused by new technologies.

Changes of methods, objectives and content. Traps and threats.
Krystyna Dafek

Department of Mathematics, University of Warsaw, Poland, dalek@mimuw.edu.pl

1. More and more teachers reach in their work for new technologies such as ordinary
and graphic caculators and computers. Probably, they are not as popular as bal point pen,
but certainly they became widespread. Classes where students are supposed to use e.g.
graphic caculators are not something extraordinary. Change of the students' work style as
well as the change of the class atmosphere is observed. Students may use red datainstead
of data carefully chosen to facilitate the calculations and in consequence they work more
in groups and they are more confident. The scope of problems that can be presented to
them to be solved develop in anatural way cooperation, increase the interest in the lesson.
In other words, new tools change the style of the school work of student, as well as
teacher.

In generd, the changes caused by the introduction of new technologiesin education
can be observed in the socid plane, with respect to the teaching style as well asthe
objectives and content of the education.

Change of socid and persond relations.

Use of technologiesin the school teaching changes enormoudy the teacher- student
relaions. The teacher, introducing computer or calculator, accepts a the same time
discussons among students and among teacher and students. It is a break of the traditiona
in Polish schools “slence in the classsroom” and answering only to the questions asked by
the teacher.

Students working with technologica devices work individualy and they experience
the lesson persondly and experience persondly dl experiments performed. It resultsin
the identification with the work done and, in consequence, causes the fedling of persond
respongbility for the work.

Change of the teaching style.

Work with computer or calculator congst mainly of performing experiments,
callecting and processing information. The teacher very often can only show the
directions in which the students should go. Computers and caculators are individua
working tools, thusit is not possble to close the sudents way to individua experiments
and individua conclusions. In such a Situation, the teacher becomes ared animator and
partner in the discussion. It resultsin important increase of the individua learning and, in
consequence, to better appreciation of every student. Therefore, one of the consequences
of this gpproach is the method of students evaluation.

Change of objectives and content.

When teaching mathematics by means of computers or graphic caculators, objectives
of classes and content must be carefully andyzed. We do not redlize very often that the
main objective sayed asde, that the heart of the lesson for sudent was different from the
one we assumed. Thisis grictly connected with the content. Further in the paper, thistype
of changeswill be dedlt with on examples of saverd lessons.

2. Let uslook at one of the most popular lesson with the use of graphic calculator (or
computer with the appropriate software).
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L esson 1. Graphsof alinear functiony =ax + b.

During such alesson, the students can investigate themsdves the role of coefficients a
and b, create many examples of graphs of functions, learn about monotonous functions
and many other function properties in a permanent way and in shorter time. Nevertheess,
teachers very often do not redlize that the skill that will not be learn by students during
such lessonsis how to draw graphs of afunction. Thisisa skill consdered by usasa
basc skill and it isintroduced in the traditiona style of teaching fromthe very beginning
of teaching students about linear functions. This skill is not trained during the lessons with
cdculaors. Let us not, therefore, be astonished that our students will be in trouble while
solving such problem as: draw a graph of the functiony = 3x—4.

Let us congder the next example (abasic issue concerning the square function in
secondary school).

Lesson 2 Factorization of thetrinomial of theform: ax2+ bx + ¢
All students have graphic caculators,

Let f(x) =x2- 7x + 10.

We start from a short discussion on the factorization . In common discussion we arrive on the
statement that f(x) = (x —x1) (X — x2).

Thus, what does it mean for aparticular vaue of function, eg. for f(10)?

The students write: f(X) = x2- 7x + 10 and calcuae the vdue f(10). Thisvadue, 40 is
presented in the factor form. For the number 40 the students can do it easly, without
cdculator, but for greaster numbersit is convenient to use the calculator function that factor
numbers in prime factors. It is not easy to conclude from one example, so we investigate the
factors of f(11), f(12), f(13), f(14).

The following results are obtained on the caculator:

f(10) =5x 28

f(11) =5x 33

f(12) =2x7x5

f(13) =11x 28

f(14) = ¥ x 22
Then, the students try to present such obtained factorizations in the form of factors of two
numbers to obtain certain relations. After some tries, the students notice thet:

f(10)=5x 8

f(11) =6x9

f(12) =7x 10

f(13) =8x 11

f(14) =9x 12.

The dements of factors differ by 3. Hence, [x1 —x2| = 3.

Thus, it iseasy to guessthat f(x) = (x —5) (X — 2). We check, by multiplying, that the obtained
factorization is correct.

Then, students are asked to find factorizations of other square functions.

Thislesson isusudly of great interest to sudents. They eagerly play in guessing and
looking for relations. They do not have to cdculate anything, their work conssts of the
correct use of calculator commands and on proper reasoning. This reasoning is the most
importart part of the lesson. The factorization itsef is the effect, the find result of the
reasoning. The most important thing is to observe the proper regularities and, in consequence,
to obtain the factorization. Thus, the students train here the skill of factorization of a number
in prime factors, to notice the congstency, to generdize and to draw conclusions. The leading
subject, which isthe factorization of the binomid in linear factors and finding the roots is
redized only by means of writing down the result, the find effect.
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Such alesson is very fruitful with respect to the notion of the factorization of a
function in factors of the lower order. Attempts may be made to carry in asmilar way the
anaogous reasoning for the polynomids of order 3, that is an additiond advantage of this
method, as examples of such generdization on the school level are not numerous.

We must, however redlize that the demonstrated method will not be the one that will
serve students to investigate the square function. The standard agorithm of caculating delta
was not shown here, this skill was not trained by students. Moreover, the whole reasoning
concerned the factorization of natural numbers in the prime factors, rather than the
factorization of the square functions.

L esson 3 Solution of square equations with a parameter

Students are supposed to solve the following equation:

For which values of the parameter m, the equation x® + (3 - m?) x+ m= 0 hastwo
roots, one of which is greater than — 1 and the other is smaller than —17?

The students use a graphic calculator. The teacher suggest them to look at some graphs
of square functions that satisfy the given conditions, and then poses a question. Do the graphs
have a common feature? If the students observe a common fegture, then the next step isto
draw a graph of functionsthat do not satisfy the condition given in the problem. Thus, by
observation, the students arrive at the solution.

Such awork style is very absorbing and brings a better understanding of the notion of
the square function but it is not an andlysis of the agebraic formula. The students did not
make use of the Vietaformula, but rather concentrated on the use of dgorithms and on
agebraic transformations.

3. Similar tuations can be used when using graphic caculators teaching mathemetics
The usage of calculators changes not only the style of work but effects dso strongly the
content. Such a Stuation occurs very often when new technologies are used together with the
exiging traditiond structures and text book solutions. In general, being fascinated by
novdties and tremendous possibilities of the hardware, we do not notice what our students
redly learn during such lessons.

The very important thing is thet, beginning lessons with calculators, our students fully
redize what kind of content we introduce and train — what we gain and what we loose. If
we know dl this, then we introduce the lacking new skills on the nearest occasion, or we
sometimes give them up. Nevertheless, our decision should be fully conscious.

Summary. New technologies, such as graphic caculators or computers are very dtractive
chalenges for many mathematics teachers. New tools cause various changesin
mathematics teaching. Are these changes aways positive? Can we, teachers, make good
use of new toals, to prevent undesired changes? To answer these questions, a very good
recognition of the changes is needed when new technologies are used in mathematics
teaching. Isit only a change of methods and style of working? And what about the change
of content, skills and in consequence the objectives of teaching mathematics?

In this paper, the problem of changesin teaching and learning mathematics with the use

of new technologies, based on an anadlyss of some examples of lessons, will be discussed.
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