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Introduction 

January to December 2000, a pilot course on the use of computers in school mathematics teaching was held at the Faculty of Mathematics of the University of Tartu, Estonia, for mathematics teachers. The course (total 480 hours, including 144 hours of auditory training) comprised 9 modules primarily dealing with the use of different programs. 

The need for and the possibility of holding such a relatively extensive course were occasioned by the fairly high-level and homogenous situation of both the existing educational software at schools and its application conditions. At the beginning of the article, we give a rather detailed description of this situation. Chapter 1 describes the computerization of Estonian schools in more general terms. Chapter 2, an overview of the mathematics software used in Estonian schools, is directly linked with the above-mentioned course; in fact, the course was prepared bearing in mind the software used in mathematics teaching and learning. The rest of this article is a description of the different aspects of the course: its objectives, financing, the structure of its modules, its participants, results, and feedback. Finally, some concluding remarks are made.

1. Some Facts about the Computerization of Estonian Schools 

At present, there are approximately 215,000 students in Estonian schools, Grades 1-12. Due to low population density, many of the schools are small. In 2000, there were 240 high schools (mainly Grades 1-12), 294 junior high schools (Grades 1-9) and 172 elementary schools (Grades 1-6 or 1-4) in Estonia. The country is divided into fifteen counties; approximately one third of the population lives in the capital Tallinn. 

In 1997, a school computerization project, the “Tiger Leap” (www.tiigrihype.ee), was launched. Since then, state and local funding has resulted in the schools having one computer per 25 students in average. Almost all high schools and many junior high schools have a computer classroom equipped with 10-15 computers; at the same time, the Tiger Leap policy has been to supply only new computers. About 75 per cent of Estonian schools have on-line access to the Internet, many others have dial-up access. Seventy per cent of the teachers have completed a 40-hour basic computer course. Fairly popular among them are the ECDL module exams. 

Almost all high schools and many junior high schools teach informatics as a separate subject. While the primary focus of the subject is on the use of general-purpose software, integration with other subjects is also emphasized (preparation of essays and reports on computer, searching for the required information on the Internet, using learning software). Estonian schools employ more than 200 teachers qualified for teaching informatics and being trained, to a certain extent, for using computers in teaching other subjects. 

As concerns teaching software, the Tiger Leap project has financed both new software development projects and the purchase and translation into Estonian, in cooperation with the authors, of software produced elsewhere. In the field of new software development, the subjects directly linked with Estonia, such as the Estonian language, Estonian culture, history, geography, and natural science, have been given priority, since no software dealing with these is produced elsewhere. However, other software has been developed apart from that, such as an original test system APSTEST. Of purchased items, mention may be made of school or class licenses for several larger programs, such as Europlus for teaching English, Chemistry Set, and StudyWorks, a mathematics program. An English-Estonian electronic dictionary and some encyclopedias and atlases have been put to use. The software developed under the Tiger Leap project is free for all schools and other non-commercial educational institutions while the availability of the purchased and translated software is dependent on the contracts concluded with the respective companies and authors. 

In the period under study, the situation in Estonia has also been influenced by the Phare project ISE (Information Systems in Education, www.ise.ee). (The Phare Program is the main channel for the European Union's financial and technical cooperation with the countries of central and eastern Europe.) Under the ISE project, one high school in each county was selected as a pilot school. From Phare funds, a computer classroom with 15 computers and a data projector has been established in each pilot school. A set of software for teaching various subjects (mainly in the English and Russian languages) has also been purchased for these schools. Study trips to Scandinavian schools have been organized for pilot school teachers. The pilot schools constitute a good local basis for training teachers of different subjects. 

The Phare ISE project has done good cooperation with the Tiger Leap project. For instance, the Phare project has given rise to the issuing of 5 CD’s, which have been sent free of charge to all Estonian schools. These disks have also been used for the dissemination of the entire Tiger Leap educational software. Another important software channel for school teachers is the Internet portal “Õpetaja võrguvärav” [Teacher Net Gate] (www.opetaja.ee), which offers systematized material being of interest for teachers.

2. The Situation of Software for Teaching Mathematics 

By the end of the third year of the Tiger Leap project (1999), Estonian schools possessed the following software for mathematics teaching:

1. StudyWorks (Modules 3 and 7). StudyWorks, created by the MathSoft company, may be called a school version of MathCAD. It enables the performance of many mathematical operations in both numerical and symbolic form (simplification, factorization, equation solution, graphics, simulation, etc.). It is accompanied by a large amount of materials in English dealing with mathematics as well as physics, chemistry and biology. StudyWorks is currently available at 370 Estonian schools.

2. Funktion, GeomeTricks, TableTalk, Pattern (Module 1). These relatively small programs, created by the Danish educational software developer Viggo Sadolin, have found a favorable reception in Estonia. GeomeTricks is a program dealing with dynamic geometry. Funktion lends itself to making graphics. Tabletalk is a special table processing program suited for the study of compound interest increments and decrements. Pattern is a program for handling the filling of a plane with certain figures; its applications in school mathematics are more limited than those of the other three. The use of these programs is free of charge thanks to the benevolence of V. Sadolin and the support of the Tiger Leap project.
3. Geolog (Module 4). Geolog, an intelligent tutoring system created by Gerhard Holland, professor of Giessen University, is designed for solving proof problems, arithmetical problems and construction problems in plane (congruence) geometry. The student solves problems step by step. The program checks each component of the step but is also capable of giving advice in each phase. The use of Geolog is free of charge thanks to the benevolence of professor Holland. 
4. Tõenäosusteooria [Probability Theory] (Module 6). This program, which describes the basic principles of the theory of probabilities, has been written by some students of the University of Tartu under the supervision of Professor Kalev Pärna. It allows to simulate many experiments with many different parameter values. The program is very easy to use and therefore suitable for relatively young students. 

5. Some smaller drill programs designed primarily for elementary school students. 

In addition to the above mentioned programs, the test system APSTEST (Module 2) constitutes a substantial educational resource. Many schools also utilize Microsoft Office, which allows to apply Excel (or its StarOffice analogue) (Module 5) in mathematics teaching. 

V. Sadolin’s programs and the Geolog interface have been translated into Estonian in cooperation with the authors. While the above mentioned packages provide a fairly good coverage of a number of mathematical topics, Estonian schools have practically no graphic calculators and computer algebra systems (unless we regard StudyWorks as one). 

In school work, virtually all of the above mentioned programs need to be supplemented with worksheets, problem sets or other materials created by teachers. The programs enable the development of new materials or the amendment or correction of old ones, if necessary. On the one hand, this allows to translate existing materials and adjust them to the curricula of Estonian schools or to the goals set by a particular teacher. On the other hand, the teachers first need to jointly create part of the required materials. Then, however, the teachers need to be able to critically assess, in terms of both practical skills and the subject matter, the quality of the materials being used at school and alter them if necessary. 

Different projects have resulted in the preparation and distribution to teachers of teaching materials in Estonian suitable for use in, for instance, the Sadolin programs, StudyWorks, and other programs. Fairly extensive question banks for use in APSTEST have been compiled by teachers of informatics and mathematics.

3. Courses 

3.1. Goals, Financing and Organizers 

In late 1999, an idea presented itself to the Computer Science Institute of the Faculty of Mathematics of the University of Tartu to hold a course on the use of computers in mathematics teaching for more capable teachers in order for them to be able to train other teachers in their respective counties, even if on a somewhat smaller scale. Another objective was to enable the participants to undertake small projects for preparing worksheets and problems to supplement math teaching programs. After assessing our computer classrooms and istructors, we considered it possible to work with up to 40 teachers. (The cost of the course per participant turned out to be 10,780 Estonian kroons = 690 euros). We were able to raise funds for the course from two sources. The Tiger Leap project promised to pay 50 percent of the cost of a course for 40 teachers. The Phare ISE project agreed to pay the other half of the cost of a course for 30 teachers (on the condition that geographical representation be as extensive as possible). As stipulated by the sponsors, we were obligated to make the study materials created during the course available to schools, free of charge. 

The principal organizers were the authors of this article. We also involved other teachers from the University of Tartu and from schools. 

3.2. The Scope and Structure of the Modules 

The course comprised nine modules with the following scopes (1 cu equaling 40-hour work done by one participant). 


Module
Size

1.
GeomeTricks, Funktion, Tabletalk, Pattern 
1,5 cu

2.
APSTest
1,5 cu

3.
StudyWorks
2 cu

4.
Geolog
1 cu

5.
Excel
1,5 cu

6.
Probability Theory and Math. Statistics Software 
1 cu

7.
Computer Algebra Systems
1,5 cu

8.
Ressources in Web and Distance Education possibilities
1 cu

9.
School Mathematics and Software
1 cu

Table 1. 

Modules 1-6 were designed for instruction in the individual existing programs. The following two modules focused on future needs and provided a description of the resources so far unused in Estonian schools. The last module was intended for an overview of the topics included in the mathematics syllabus, in view of the applicability or inapplicability of particular software to the teaching of one or the other topic. 

Auditory work was conducted in eight weekend sessions and one three-day session in August. There were 3-4-week breaks between sessions held in consecutive months to give time for homework. Table 2 presents the hours of auditory work done in each session of a module. Each of the nine sessions also included a lecture or a seminar on more general topics: computer use methods in a teacher’s work, the situation of educational software in Estonia and worldwide, graphic calculators, an overview of the ICME congress, a meeting with the chairman of the Mathematics Council of the Ministry of Education, etc.). 

Each session dealt with 2-4 modules; in addition, the final seminar of another module was sometimes held, with the demonstration of the newly completed materials. 


Modules   \    Sessions
                                   Month
1
01
2
02
3
03
4
04
5
05
6
08
7
10
8
11
9
12


1.
GeomeTricks, Funktion, ... 
5
7
4
1





17

2.
APSTest
6
6
3
3





18

3.
StudyWorks



4
4
3



11

4.
GeoLog




5
4
2


11

5.
Excel


6
5
4

2


17

6.
Probability Theory and Math. Statistics Software





6
4
1

11

7.
Computer Algebra Systems





6
7
4

17

8.
Web and Distance Education 
1






5
7
13

9.
School Mathematics and Software





2
1
3
6
12


Additional Themes
3
2
2
2
2
2

2
2



Sum
15
15
15
15
15
23
16
15
15
144

Table 2. 

A typical module consisted of the following: 

1) Opening lecture 

2) Practical training (work in the student’s role, technical skills) 

3) Homework (technical skills + preparation of the graduation paper) 

4) A seminar or lecture on application possibilities 

5) Practical training (more complex examples) 

6) A lecture on deeper working principles of the program 

7) Homework (initial version of the graduation paper) 

8) If a module lasted for 4 sessions, then on the third session: typical errors, collection of student results 

9) Closing seminar –demonstration of homework results. 

The structure of the StudyWorks course, at which distance training played a very important role, was somewhat different. This module was conducted in the WebCT environment, which is specifically designed for web-based training.

3.3. Independent Work and Communication with Instructors 
Of the total hours of our course, a mere 30 per cent was designated for sessions (144 out of 480). In planning the scope of work, we doubted that we would be able to maintain such a proportion without losing participants through dropout. The questionnaire conducted at the end of the year showed that we had managed to distribute the workload fairly accurately. The average estimate given by the participants to the time spent on learning was consistent with our timetable. Few participants had been able to work faster. A greater expenditure of time by some participants was due to their lesser skills in working with a computer. Apart from the intent of the problems, we describe here the organization of our work and the means of communication intended by us to support independent work. 

During the course, general information was posted on the course’s website, which had been opened already before the beginning of the course. The information contained brief overviews of the modules, session curricula, homework submission procedure, module organizers’ contact data, etc. Communication was performed by e-mail and the so-called WebCT pseudo course, which enabled the WebCT means of communication but not the posting of materials on the Internet. 

The structure of a typical module has been presented under the previous item. Homework may conditionally be divided into two groups: technical exercises concerning the use of a particular program, and the preparation of a module’s graduation paper. In the technical exercises, a typical requirement was to compile or solve, in fairly great detail, problems as prescribed by the instructor of practical training for the purpose of testing the different possibilities of the program under study in practice. The exercises were required to be performed individually; however, they were usually the same for all the participants. The participants requested help by e-mail, from both the instructors of the practical training and their more experienced course-mates. One hour before the beginning of the first lesson of each session, the instructors were available for consultation, and this opportunity was seized by those in difficulty. 

Each module ended with a graduation paper, in which the participants were to compile a certain type of teaching material to be used by the particular program at school. We considered it important that credit points for a module be given in this form. Our experience has shown that a compilation assignment is much more acceptable to teachers than a test. At the same time, it enables to produce materials that are of somewhat better quality than individual work and that can be used by other teachers as well. In our case, making the teaching material created at the course available to all schools was also a condition stipulated by the sponsors of the course. It seems that the possibility and obligation to publicize their work had a stimulating effect on the participants. 

In a technical sense, the graduation papers concerning most of the programs were essentially worksheets, the exceptions being question sets and tests composed on their basis concerning APSTEST and a set of proof and construction problems concerning Geolog. In most of the modules, the participants were also required to submit lesson notes comprising instructions for the use of the computerized material created. In the summary module, the participants were required to present an analysis of a chapter from the mathematics syllabus, in which they were to identify the items that could be taught/learnt by using the known programs and their appropriate forms, the domains requiring new software and the items that would be more practical to be taught without using computers. In most of the modules, the graduation paper was prepared in teams of two or three. 

In many modules, graduation paper topics were disclosed at the very first session, with the participants being required to have reviewed the respective topics in the textbooks by the second session. For learning purposes, even those topics in which the use of computers is difficult or less natural were included. 

Homework and auditory work were closely linked. In a number of modules, a seminar was held in the second session, in which the participants were to present their ideas, with the other participants and the supervisor commenting on them and making suggestions. Thereafter, a rough copy was prepared and submitted to the supervisor for review. Occasionally, a graduation paper was sent back and forth between the supervisor and a participant for 3-4 times. This was time-consuming for the supervisor (sometimes up to 2 hours per paper). Cooperation between the participants themselves was also intensive. In some cases, the papers were mutually reviewed and commented, with typical mistakes being discussed in the lecture room. At the concluding seminar of a module, the works done were demonstrated. Among other benefits, the demonstrations enabled the participants to practice the use of a data projector while making presentations. Data projectors are still lacking in many schools. As a rule, corrections were made to the papers after the closing seminar in response to suggestions from other participants.

3.4. Participants 

When planning the course, our position was to take the same people through all the modules. The sponsors also suggested that different modules be taught for different people. In the end, many participants went through all the modules, and, in our opinion, gained more from that than from just going through specific modules – they gained an integrated overview. The course was attended by a total of 40 people, of whom 31 opted for all the modules. Lesson attendance was very good (which was even a little surprising, considering the fact that the participants had full-time workload as teachers, often even greater). The dropout was fairly small and apparently caused by objective reasons (for instance, bad health). As required by the sponsors, practically all the counties were represented. It is noteworthy that there were only 2 participants from Tallinn, which is inhabited by approximately one third of Estonia’s population. 

A topic worth separate treatment might be the motivation of the teachers to participate in the course. To a certain extent, the motivation might have been occasioned by the fact that the teachers having completed the course would gain a better ranking at the evaluation of their professional abilities. On the other hand, this group of participants seemed to have been a group of expectant people waiting for their call, so to say. They had an interest in things like that. The following groups may not necessarily be as interested. 

3.5. Feedback 

A questionnaire was held at the end of each module as well as the entire course. In this article, we only present the average grades the respondents gave to the modules in the final questionnaire (possible grades 1-5). 

Module 


How well did the module provide particular skills for using particular programs? 
How well did the module provide general knowledge about a particular field? 
How well has the module enabled you to apply the material learned in it to your current work? 

GeomeTricks, Funktion, ...
4,64
3,88
4,33

APSTest
4,2
3,9
3,67

StudyWorks
4,38
4,06
4,16

GeoLog
3,91
3,39
2,52

Excel
4,33
4,09
4,3

Probability Theory and Math. Statistics Software
4,38
4
3,91

Computer Algebra Systems
3,69
3,87
3,26

Web and Distance Education
3,94
4,22
3,66

School Mathematics and Software
3,71
3,87
3,57

Table 3. 

The grades given are relatively high, which shows, in our opinion, that the course as a whole and each of the modules were properly prepared and provided the participants, in their judgment, with good knowledge and skills. Some modules were perceived by the participants as having a theoretical bias while others were perceived as more practical. As a matter of fact, the three last modules were designed to provide a more perspective overview, and this was how the participants viewed them. The slightly lower grades given to the module on GeoLog are probably due to a small proportion of proof problems in the current mathematics curriculum. 

4. Results and Summary 

It may be maintained that the course as a whole yielded the following results: 

· 40 teachers received training enabling them to use computer software in mathematics teaching, worksheet preparation and software assessment, 

· These teachers are ready to organize similar courses themselves, and several of them have already done so, 

· These teachers are able to make a better contribution to various projects concerning computers and software, 

· Module graduation papers provided a large amount of Estonian-language teaching material, which was made available to all the Estonian schools on CD’s and over the Internet, 

· The course helped to determine more clearly than before the kind of software needed at schools (for instance, there is a need for software on algebraic variations). 

The impediments to the use of teaching software in a mathematics class at Estonian schools have developed along typical lines. Shortage of hardware and lack of teaching software are no longer the primary problems. Further development is clearly dependent on the training of mathematics teachers, which, if inadequate, will pose the third impediment. Feedback from teachers having received better training (participants of the course presented in this article, and a number of active mathematics teachers having recently obtained the qualifications of an informatics specialist in addition to their professional qualifications) suggests, however, that there will also be a fourth impediment – lack of secondary software. Mathematics teaching programs are available, but they need to be supplemented with the necessary worksheets, problems sets and other resources adjusted to our textbooks and being in the Estonian language, and even able teachers lack time to produce these supplements. The course we organized was a good step towards overcoming both the third and the fourth impediments.

