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    1. Introduction

    In recent years educational authorities and universities have paid more and more attention to the Information Technology Education of the inservice and preservice teachers. In Estonia one of the last examples of such attention is  the TEMPUS contract "Information Technology in Teacher Education" between the University of Strathclyde (Glasgow), University of Barcelona and three Estonian universities. The aim of the project is to organize a network of the IT courses for inservice teachers.

     In many cases the IT education is provided by wide-spectrum specialists of computer usage and contains mainly only general-purpose and subject-independent issues. The IT centres often teach the teachers of different subjects together and the lessons touch upon the concrete subjects only on the level of examples of pieces of software. But together with the general technical and cognitive component of CAL we must not forget that the purpose of each application of the computers in classroom is teaching some knowledge or skills belonging to some concrete subject. The application should be directed to the needs of this subject and should be evaluated from that point of view.

      The author of this paper has recently taught the educational use of the computers in different forms. My audience has mainly consisted of preservice or inservice teachers of Mathematics. Three times (1990,1992, 1994) I have taught the optional course "Computer-Aided Learning Software" (32 h lectures/ seminars + 32 hours labs) to the students of our Faculty. Different parts of this course have been taught to the inservice teachers. But I have had to teach also the teachers of other subjects. Some times my students have been the teachers of Informatics considered the potential leaders of Information Technology in the schools.

    In some sense teaching  IT to the students of our Faculty has not been a very typical case from either viewed the teacher's or the students' side. We both have had quite a strong background. In 1987 being the lecturer of Mathematical Logic for first-year students (they have a compulsory course with 32 hours lectures and 32 hours exercises) I started a software project for computerization of the exercises. The initial purpose for the project was poor student performance at two concrete subject items: formal proofs and Turing Machines. In order to overcome these difficulties we designed two computerized environments for stepwise building of the proof trees and for running the Turing Machines on the screen. While developing the project we added two other types of  exercises: truth-table exercises and formula manipulation. From 1991 the students solve about 70 percent of exercises on the computer [Prank]. 

     Taking part in this course our students get the experience of learning in computerised environment and it shapes their own view of the subject of computers in learning/teaching. During recent years Linear Algebra has also been taught using computers. At our Faculty there is no need for the instructor to start the CAL Software course trying to convince the students that computerized teaching is possible.

    The following paper concentrates on the needs of the teachers of one concrete subject - Mathematics. The author tries to analyse what we could teach the teachers and what we must ourselves learn in order to be better instructors. In the author’s opinion the main conclusions are also applicable to other subjects besides Mathematics.

      2. What must we prepare the Mathematics teachers for

    We must prepare the teachers for different applications of IT in their work. Classifying the applications, we usually use the dimension of the applied technology.

    For some tasks the teachers alone work with the computer and the use of IT can be started already when they have access to one computer and not necessarily in the schoolhouse:

  1) Preparing teaching/learning materials (printed materials, overhead slides etc.)  for non-computerized teaching technologies. The teacher must know the facilities of the hardware and be able to use appropriate general-purpose software (Word, Powerpoint, ...). Of course, even here some subject-oriented packages (MathCad, TEX, ...) can be useful.

  2) Mechanizing the teacher’s calculations: choosing good examples for

the exercises, variating the data for the tests, checking students' written

calculations etc. The teacher must know where and how to use here Computer Algebra packages. Sometimes already elementary programming skills in Basic or Pascal can be sufficient to write small but useful programs.

  3) Gathering materials from Internet. The same Internet user skills can be used for all subjects. But the teacher must know the good sources where to get materials for his subject.

    If there is one computer in the classroom (and desirably a large monitor

or projection device), it can be used for

  4) Demonstrations of graphs of the functions, figures, results of the steps of numerical computations or the constructions in Geometry etc on the screen. Dynamically created picture or table can often help to understand the processes and to memorize the subject.

    But nevertheless the most important cases of the use of IT are those where the students themselves are working with the computers:

  5) Using special CAL Software for different subject items. Good CAL

programs are designed for teaching namely the issues that are appropriate for teaching with the help of computers, for overcoming the 'bottlenecks' of traditional technology. The students can train the mathematical skills in the environment of getting intelligent feedback and diagnosis of the mistakes. The programs give the teacher the possibility to tune the package according to his teaching sequences and didactic ideas. The results of the student’s work can be recorded and the teacher can get a lot of analysed information.

  6) Using general-purpose Mathematical Software (packages like

Mathematica, Maple, Derive). The packages have excellent graphic

features. The use of numerical and symbolic calculation facilities leaves the routine computational subtasks to the computer and enables the student to pay more attention to the mathematical ideas.

  7) Using Programming Languages for Problem Solving. Many of the formulas and algorithms can be presented quite easily as programs. The students get better understanding of the algorithmic character of the tasks solved.

    The most active teachers are interested in creating their own

applications:

  8) Using general-purpose Multimedia or more specialized CAL Authoring Systems or

  9) Using Programming Languages.

    Another dimension of the use of IT is the question in which part

of the Mathematics curriculum the computers are used:

  - numbers and counting,

  - arithmetical operations,

  - sets,

  - word problems,

  ...

  - expression manipulation,

  - coordinates, graphs of the functions,

  - equations and systems of equations,

  - configurations, their areas and volumes,

  - proofs,

  ...

  - trigonometry,

  - differentiation and integration,

  - stereometry,

  ...

    Each of the topics has its own nature when considered as a subject of computerized teaching. Teaching the use of IT we must ask many questions about the concrete topics and try to give at least partial answer to these questions.  Here we can only list some areas of the problems:

   * Some parts of the curriculum can be taught or trained using very simple programs. For other items the standard mathematical or even

general-purpose software (spreadsheets etc) can be useful. For still other

items the typical hardware or software in the school may not be sufficient. In school Mathematics there are even problems that have been proved to be algorithmically unsolvable.

   * In case of some topics the use of computers in the lecture demonstrations can have a good effect. For other items only the immediate work of the pupils is reasonable.

   * We must not throw out the didactic ideas accumulated during the

centuries. Each of the typical tasks in the Mathematics curriculum can

be computerized in some quite natural way. This way can be found

analyzing what decisions/choices the pupil must do solving the task

stepwise by paper-and-pencil technology. If the student has to enter to the computer namely such decisions/choices or their results then he does not need bulky manuals about how to use the program. Such didactically adequate programs are usually also most acceptable for the teachers. The 'scenarios of natural computerization' are probably a very important

part of the IT curriculum. They must be discussed for many different

tasks for developing the intuition what can be done using the computer.

   * For many types of the tasks the computer can accomplish routine

subtasks of different level and the student can focus his attention on the strategical side of the solution. What can be the didactic impact of different choices of such 'granularity options'. What didactical strategies can be implemented switching between different levels of 'the calculator' [Buchberger]?

   * The knowledge and skills of the students in some concrete issues

of Mathematics curriculum are steadily evaluated as being insufficient.

Can the computers help anywhere?

   * The developers advertise fantastic features of their new packages

but what is realistic and what is not? The effects of animation and sound

try to cover the mathematical misunderstandings and doubtful shortcuts

of the authors. 

    * Some types of the tasks in Elementary Mathematics have already been the subject of the research in Computer Algebra, Complexity Theory or Artificial Intelligence for a long time. It is useful to know some results about the computation time or about the number of pupil's typical mistakes in Elementary Arithmetics. These results decribe the borders between possible and impossible features of the programs.

    The third dimension of the IT Education of the teachers is the Philosophy of the use of IT. For what are we going to use the computers in the school? This question has its general and subject-specific sides:

    * What general skills the pupil gets using the computer in learning?

    * What subject items will be learned better or quicker?

     * What do we lose and what might actually be learned worse now?

    * Will the ratio of knowledge and skills change? Do we want to change it?

    * What can be the impact of poor software? Is the teacher responsible

in such case?

    * Are we going to use the computers for innovation of teaching/ learning or for better teaching of Mathematics?

    * How much will the use of computers in the school and in everyday

life change the Mathematics curriculum? Has the teacher the right to make  radical changes already now?

      3. What can we find in practice and in journals

    How to characterize the existing IT teacher education? The first and most clear impression is that the IT curriculum really touches only upon the first of the three dimensions mentioned above and only upon some of its items. We are teaching well the subject-independent computer usage skills with only a slight inclination to the educational use. Every Training Center has good teachers of Text Processing, Spreadsheets, Drawing etc. Teaching Internet is also a popular kind of the courses. The use of special programs for the subject is often demonstrated only on the level of some examples. The idea of such demonstrations seems to be to prove that we can use the computers almost everywhere in teaching and it makes sense for the teacher to learn to use them. Very seldom the participants of the courses get the feeling of learning sophisticated problems from their own subject through IT .

    Some justification of the 'generalization' of the IT education can be found for example in the "Guidelines for Good Practice" of IFIP WG 3.1 [Ruiz i Tarrago, 1993]. As one of the General Criteria we can read on page 23: 

   -there is no single "best use"  of Information Technology in schools

to improve learning.

How to implement this principle in teacher education? Unfortunately the easiest (for the teacher educators) interpretation is the following:

     In order to teach the teachers we do not have to know their subjects, specific software, time restrictions etc. It is enough to teach them general skills and then they must find their own "best use".

    The author considers the tendency to replace earlier teaching of CAL Authoring systems by the courses on Hypertext and Multimedia authoring also as harmful. Instead of the programs dealing with the content of the subject we now teach how to compose superficial but impressive movies. At least for Mathematics, this seems to be the wrong way.

    The content of most of the papers in CAL journals is not acceptable for realistically thinking and usually conservative Mathematics teachers. Consider some of the popular keywords.

    Many papers describe increasingly innovative use of computers in teaching. The authors prefer to forget that the teachers in the schools do not have freedom for such renewals. The teachers are teaching some fixed curriculum of Mathematics and the role of the computer can be to help to do this work. The extremist computer applications cannot be integrated in the everyday work.

    Quite often the papers include proposals to change the content of the subjects and the curriculum. The proposals can be interesting but usually they are overenthusiastic and one-sided. Usually the teachers are not very happy when they have to read these papers at our courses.

    Frequently the computers are considered to be the tool for making the pupils more active and introducing problem solving. The idea of problem solving can be new for some other subjects but not for Mathematics

teaching. The Mathematics classes are full of problem solving already

without computers. The Mathematics teachers hope to find in our lectures some really new ideas.

    Nevertheless many publications about the use of computers in

Mathematics seem to be more realistic. The author has included in his CAL course for preservice Mathematics teachers the seminar with

referative 30-45 minute student presentations on journal papers and

program descriptions.

         4. What is the situation like in software

    One of the goals of the IT course for the Mathematics teachers should be giving an overview of the existing software for Mathematics teaching. The ideal solution would be to demonstrate alongside the analysis of the computerizability of the parts of Mathematics curriculum also good and bad software for each item. But we discover that for many items we do not have any piece of software at all. Many interesting programs described in the conference or journal papers do not exist in real world. They are implemented only at some prototype level. The US software is not available in Europe and in Estonia we are often able to have only free demo versions.

    Only few teachers are able to get into the spirit of computerised

teaching without their own massive experience of learning by computer.

For this purpose we need some interesting software for nontrivial 'adult'

mathematical tasks.

    Majority of the available software is devoted to Arithmetics. The pupil can learn addition or multiplication in academic or in many different gaming environments. We can demonstrate the teachers wide spectrum of the user interfaces but also the cases of difficulty of integration into the

curriculum. Many such programs do not give the teacher the necessary

switches to tune the program to the needs of a specific lesson. Usually the

arithmetical programs do not provide the opportunity for solving the exercises stepwise or to get more feedback than just true/false.

    Another set of the programs covers the graphs of the functions. Usually those programs also do not have intelligent features and the teachers must prepare printed materials for the pupils.

    The construction tasks in Geometry are quite popular. In our courses we can compare the sets of primitive operators and the hint facilities of different programs.

    The proof construction programs in Geometry  are probably the most

intelligent examples of available teaching software. The author has used

GEOEXPERT [Holland, 1994] for both proof and construction tasks. The

teachers and students enjoy the work with the partner who is able to

compete with them.

    Some other topics of Mathematics are not so well covered.

    The expression manipulation is a type of the exercises that causes problems to the pupils and university students. Solving of equations and equation systems, trigonometry, differentiation and integration contain large amount of expression manipulation. The Computer Algebra programs could be a good basis for creating drill software for stepwise work. Unfortunately we do not have such programs. We also need good software for authoring and administering of word problems.

    Recently, many universities have created tutorial-type programs for independent work of first-year students having insufficient skills in Mathematics. Each of such programs covers many problem areas. Included are also the topics that have not been popular among CAL developers. Now the authors have not tried to solve fundamental problems of CAL but exploit the intelligence and motivation of the user in a reasonable way. Usually the programs do not have a stepwise solution dialog. In case of a wrong answer the user is often referred to re-reading of theoretical part or example or even to some textbook. Very often the program has the structure of hypertext. It is clear that the Mathematics teachers must be aware of this type of software.

                5. Some conclusions

   The author's answer to the question in the title is: partially. Most of the institutions teaching IT are able to teach well the general subject-independent IT skills. Some other issues (theory of questions-answers-assessment, user interfaces, authoring systems) can be also taught in common lessons. But really the success of the use of computers in the school depends on the ideas how to teach concrete subjects by computers. The teachers who have learned Mathematics only using traditional technology are not able to create such ideas separately in each school. Our opinion is that more than half of the IT education of the teachers must deal with the use of computers in the teacher’s subject: what to teach and how to teach. For us it means that:

   - the teaching of most IT subjects must be organised separately for the teachers of different subjects,

   - the future users of IT in teaching must first get heavy experience of the use of IT in learning something nontrivial from their own subject,

   - the IT Centres must have the CAL specialists for many school subjects,

   - these specialists must have themselves real computerised learning and teaching experience and their own philosophy of computers in Mathematics (Geography, English, ...) teaching,

   - the IT Centres must have the collections of software for each subject,

   - we need the textbooks of "CAL in School Mathematics (Geography, English, ...)" for the teachers.
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