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Experiences from research- and
development projects and teaching

experiments (2000 —

. Possible to teach almost as usual, even
with the use of computer and CAS

»  Golden opportunities for radical
changes of teaching mathematics and
science

Background:

Danish upper secondary teachers have a
masters degree from Univeristy and
work with a high degree of professional
autonomy.

Very few top-down requests of methods or
content

Almost no tradition for educational support

2006):

. Students’ initial resistance was a hurdle
for the teachers to overcome: 'We-want-
to-kill-the-teacher’, ‘computer use is
cheating’, 'even more to learn’

»  Benefits in mathematics were clear:
CAS gave a lift. The efforts paid back!

Danish students are supposed to engage in
learning and studying

It is the teacher’s job to motivate the
students by enjoyable teaching
performance

The status of mathematics as a school
subject is decreasing
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Do we have a problem here?

Teachers don't like enforced technology ... neither do they like to force technology on the
students. On the other hand, students may benefit from the enforced technology and
even come to like it if they overcome their resistance

Our study aimed to throw light on how this hurdle can be handled. Study of two cases
involving experienced mathematics teachers. It focused on the relations between the
teachers’ personal view on mathematics and on the use of ICT, and their actual
introduction of new tools in the classroom

The study does not claim a strict correspondence between teachers’ beliefs and their
handling ICT in practice.

In particular, we do not aim to rate different approaches, neither do we intend to assess
them with regard to students’ learning outcome.

The study aims to contribute to the rich variety of examples of good practice, to give
inspiration for colleagues.
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Data from interviews and classroom observations, collected for the reports of research- and
development projects involving the use of CAS (Computer Algebra Systems) in upper
secondary mathematics, pointed to this issue of overcoming the hurdle of students’
resistance.

Two teachers from the interview groups volunteered for a supplementary small scale study.
They were chosen for being professionally reflecting, experienced and competent and
for being familiar with qualitative research methods.

The two case studies encompassed classroom observations and interviews with the
teachers. Data was in the form of video recordings, field notes, teaching materials and
written answers and notes from telephone interview, respectively.

In addition, one of the researchers’ had informal talks with both teachers on several
occasions

Data was analysed with the aim to relate the position taken by the teacher on the role of ICT
in mathematics to the way a new tool was introduced in the classroom.

Further, data was interpreted from a theoretical perspective to give possible explanations of
how the teachers handled the task to get the students involved with use of the new tool



Our paper presents inquiry of two cases of lessons in mathematics, containing
the teachers’ very first introduction of n’spire from Texas Instruments and of
Mathcad, respectively, to the students.

The questions to the two cases were:
« How does the teachers introduce the new tool (in the meaning of artefact)?

« How do the students immediately react to the introduction?

 What kind of obstacles might the students face in this case, which could
support their resistance?

« How is the teacher’s introduction related to his/her personal view on
mathematics?
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Case A: n’spire from Texas Instruments.
Teacher A

Basic view on mathematics, teacher A: Mathematics is a beautiful and coherent
body of knowledge, extremely applicable in many situations.

Use of ICT in mathematics:

 The major advantage of using ICT in mathematics is that a larger number of
students may have good experiences with doing mathematics even if they
are less skilled in calculations etc.

* Another great advantage is the potentials for change of working style
supported by tool which allow a quick test of new ideas or strategies.

 Fine that ICT makes it possible to introduce new subjects like statistics.
 New tool should, preferably, be introduced explicitly to the students
 The time spent on learning how to use the tool pays back.
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The students and the teacher were used to calculators from TI. But n’spire
was new to them all. The teacher did not say a lot to introduce n’spire, only
concentrated on the tasks and the organisation of the group work.

Students worked with tasks on calculus, in self organised groups. When
solving the first two tasks, the students easily managed to set up the right
expression and find the derivative

One group: In the first section all five students made the calculations,
compared their results, changed fluently between paper and pencil and the
handheld (n’spire).

Second session: Students formulated an expression, containing too many
unknowns. They confused the (mathematical) problem with using a wrong
syntax, i.e. declaration of the unknowns as variables before solving the
equation. The discussion revealed their uncertainty; ‘but the calculator does
know , doesn'tit?



Case A, teacher’s action and students’
reaction

* Inthis group’s work, the use of ICT was almost ‘invisible’: it attracted very little attention
even if it was used appropriately. The question about  demonstrates, however, that
the students were on thin ice, not at all used to the handheld.

Demonstration of solutions in the classroom:

« The teacher’s plan was to let individual students, on a voluntary basis, present
solutions of the five tasks, using a view screen connected to the n’spire

 One student conducted the presentation, The teacher helped and made comments etc.:

‘one advantage now is, that we do not need to calculate this product and take the risk
of making errors... !

*  Very little light on the viewscreen, almost impossible to see. The student said laud what
buttons to be pressed. Next task caused troubles for many students: a complex mix of
too many unknowns in the equations and uncertainty or lack of knowledge about how
to declare variables on n’spire, besides the invisible viewscreen.

. The teacher switched to the blackboard.
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Teacher A allows the new technology to be included in the class problem
work in a natural way. Use of this technology is rather sparse in these first
lessons.

By focusing on strategies for solving the tasks, on the organising the group
work and on the mathematical content of the task, i.e. on calculus, teacher
A simulates an adicdactical situation with regard to use of n‘spire.

Technology may be regarded just as a part of the environment in this class,
offered to the students as one possible solution strategy.

Such opportunities may support the individual students’ genesis of the
handheld as a personal tool. On the other hand, the ‘adidactical’ approach
challenges the teacher who's help may be requested any time when one of
the students needs technical, technological, strategic or mathematical
advises.



Basic view on mathematics:

Mathematics is composed of theory and practice. Mathematics should
appear to the students as a series of wel-structured, goal directed, relevant
and engaging activities, and everybody should see mathematics in
connection with other school subjects.

Use of ICT in mathematics:

The pervasive use of ICT in mathematics is one way to appear up-to-date

Another advantage is the introduction of new approaches like for example
3D geometry or regression.

The introduction of new tools in mathematics should take place during the
mathematics lessons

The time students spend on learning the ICT tools in mathematics pays
back, but this is an issue of discussion at his school.



The teacher gave a demonstration in the classroom of the solution of a task.
The method was presented to the students, followed with advices and
explanations about Mathcad and reflections on the use of Mathcad,;
‘Learning Mathcad is a hurdle you have to overcome’ and detailed
information about format, graph, toolbar and other commands.

Because the students’ own laptops were set up with vista which was not
compatible with Mathcad14, the class moved to the computer lab, formed
pairs or triples around the computers, started up etc.

Two pairs of students: they managed to reconstruct the solution of the first
task. They came through a number of different commands and got a feeling
of Mathcad being a good tool.

The teacher went around in the lab, helpfull and encouraging; ‘we cannot
say what went wrong — sometimes you just have to try again’, ‘that was the
only mistake you made’.



« The atmosphere was good, relaxed and kind but focused on work. The pairs
were helpful to each other and apparently, most students were satisfied with
their work and results.

This teacher deliberately offers his students solution sheets with most of the
homework tasks. The idea is, that nobody should get stuck without help in
trying to solve a task:

 The individual student must (learn to) be responsible for his or her own
intellectual development.

* Indiscussions with colleagues and others, who regards the students’ use of
solution sheets while making homework tasks cheating, the teacher claims
that such kind of cheating only harms the student’s own learning and
consequently, the students must show responsibility and give themselves a
chance to learn by trying on their own hand before they might use the
solution sheets.



Teacher B uses the first lessons with the new technology to get acquainted
with the technology.

In this class the introductory use of technology is very much of a didactical
situation. The students are asked to work and learn the tool, and trust the
teacher when he claims that it will pay of in the long run.

When introducing technology in a purely didactical situation, the teacher can
push the students towards it and give direct instructions for the use of it.

This is one way to overcome the students’ resistance and to avoid the risk
that they never get to know the technology, nor develop a personal
instrument.

One big challenge to the teacher within this approach is the risk, that the
hard work for the student may be experienced mainly as a didactical
obstacle related to curriculum and the teacher’s requests, rather than to
mathematics
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Relations between teachers’
approaches and teaching designs

 Atafirst glance, the two teachers A and B seem to have very different
approaches to the use of technology: A takes the ‘invisible’ point of view
meaning that focus should be on mathematical content, strategies and
applications etc., whereas B, besides the mathematical content, focus on
the tool, it's potentials, techniques and technological language

« Scratching the surface, though, we find that the two teachers’ conception of
what mathematics is and what it is to teach mathematics do not differ
significantly.

 No discrepancies between the personal view by each of the two teachers on
mathematics, on teaching mathematics or on the role of technology in
mathematics, and the choices they had made for the introductory lessons
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One factor of importance is the extend of expected use of the software: Use
of Mathcad was requested for preparation of written documents (homework
tasks etc.) whereas n’spire might be used only in addition to paper and
pencil in written homework etc.

Another factor is how the teacher expects students’ motivation to emerge:
Is it the teacher’s obligation explicitly to motivate the students for learning to
use the tool, or will the social norms of the classroom initiate and support
development of motivation?

The last factor we want to point out is the complexity of forced, extra
obligations, related to different aspects of the introduction of ICT tools into
the classroom: i.e. A had planned to use a viewscreen as a medium for
communication and also as a means for motivating the students , but the
viewscreen did not work. B had planned to introduce Mathcad with the
projector ready for shared demonstrations but the laptops were not ready,
so the students had to start in the classroom and then break up and go to
the computer lab.
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And so what?
Perspectives of theory development

Our study shows :

 The two teachers share a certain view on mathematics, and on teaching
and learning mathematics with and without ICT

 This view is expressed in very different ways of introducing ICT in the
mathematics lessons, supporting very different paths for the process of
instrumental genesis and building on very different didactical contracts

« S0, we need to expand the notion of teachers’ forced autonomy to
encompass not only the teacher’s conceptions of mathematics and of
learning mathematics, but also of the multitude of other obligations that
emerge in the course of the classroom interactions

* In particular, we see a need to include in the notion of forced autonomy the
complexity of forced, extra obligations, related to different aspects of the
introduction of ICT tools into the classroom.
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