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Editor’s Note

The main aim of the Organisational Committee of the Second international
scientific colloquium Mathematics and Children is to encourage additional scien-
tific research in the field of mathematics teaching in Croatia. This represents a
contribution to the development of science and education, which is a part of the
long-term Education Sector Development Plan 2005-2010. Following the example
of European and other countries around the world, special attention in the field of
education is given to mathematical literacy of children (PISA* programme) as well
as to mathematics teacher training (quality insurance in higher education).

Mathematics teaching in Croatia is facing strategic, organisational, social and
technical changes. There is a tendency towards introducing one-shift classes in
primary schools, including children with special needs (both gifted ones and those
with learning difficulties) in regular classes, organising extended daycare program
for all students, two teachers per class, and greater mobility of children and teachers
in schools. Special attention is given to defining of the learning outcomes, both
within the classroom and within the process of lifelong learning. The presence
of economic crisis and recession redirects the attention in mathematics teaching
towards reflecting and acting in accord with the demands of the market. New
teaching technologies demand changes in the methodology of mathematical edu-
cation regarding both children and future teachers of mathematics. It is therefore
important to develop a lifelong learning programme for teachers of mathematics
which also includes doctoral studies.

Unfortunately, in Croatia there is no clearly defined lifelong learning pro-
gramme for teachers of mathematics which would also include doctoral studies
in mathematics teaching methodology. However, there has been some progress,
and thus in the academic year 2008 /2009 the Mathematics Department of the Fac-
ulty of Natural Sciences and Mathematics in Zagreb introduced the Seminar in
mathematics teaching as a part of their Ph. D. programme.

Research in the field of mathematics teaching implies multi- and interdisci-
plinarity. Therefore, cooperation with scientists outside the field of mathematics
(psychologists, special education teachers, educators, IT researchers) is an imper-
ative, although we strongly believe that improvements in mathematics teaching
should be encouraged within the field of mathematics.

A precondition for developing new approaches and methodologies in mathe-
matics teaching in Croatia is a first-hand experience incorporating the results of
international research and standards in mathematics teaching, as well as defining
doctoral studies within the same field.

* Programme for International Student Assesment



We believe that the lectures, discussions and experience exchange between
Croatian and international participants of the Mathematics and Children collo-
quium will initiate and intensify scientific cooperation in the field of mathematics
teaching on the international level. We would also like for this event to initiate the
start of doctoral studies in the field of mathematics teaching in Croatia following
the examples from Europe and worldwide.

We are very grateful to numerous Croatian and international scientists who
have recognised the importance of this event and managed to find the time to attend
this gathering. We would also like to thank the heads and entrepreneurs of the local
community, as well as the Ministry of science, education and sports, who were kind
enough to sponsor this event.

On behalf of the Organizational Committee, I express my deepest gratitude.

Osijek, April 24, 2009

Margita Pavlekovié



RijeC urednice

Organizacijski odbor Drugoga medunarodnoga znanstvenoga kolokvija Matem-
atika i dijete nastavlja s poticanjem znanstvenika na istraZivanjima u podrucju
metodike nastave matematike. Doprinos je to razvoju znanosti i obrazovanja u
okviru prioriteta razvoja Hrvatske (2005.-2010.). Po ugledu na Europu i svijet
u okviru obrazovanja posebna se pozornost pridaje kako matematickom opismen-
javanju djece (PISA* program) tako i izobrazbi ucitelja matematike (osiguranje
kvalitete u visokom obrazovanju).

U nastavi se matematike u Hrvatskoj mijenjaju strateski, organizacijski, soci-
jalni i tehnicki uvjeti (Nacionalni kurikul, standardi u nastavi matematike). TeZi se
uvodenju jednosmjenske nastave u osnovne Skole, sveobuhvatnijoj inkluziji djece
s posebnim potrebama (darovite i one s teSkoéama) u redovite odjele, osigura-
vanju produzZenoga boravka za sve ucenike, uvodenju dva ucitelja u odjel, vecoj
pokretljivosti djece i nastavnika u Skolama. Posebna pozornost pridaje se defini-
ranju ishoda ucenja kako u nastavi tako i u procesu cjeloZivotne izobrazbe. Vrijeme
ekonomske krize i recesije usmjerava na promisljanja i djelovanja u nastavi matem-
atike u skladu sa zahtjevima trziSta. Nove tehnologije u nastavi iziskuju promjene
u metodologiji matematickoga obrazovanja, kako djece tako i studenata uciteljskih
studija, kao i uéinkovitije postupke prepoznavanja matematicki darovitih ucenika.

Na zalost, u Hrvatskoj jos uvijek nije definirana cjelozivotna izobrazba ucitelja
matematike koja ukljucuje i doktorske studije iz metodike matematike. No, u€injeni
su neki pomaci. Tako je na Matemati¢kom odjelu Prirodoslovno matematickoga
fakulteta u Zagrebu akademske 2008./09. godine u okviru doktorskih studija
pokrenut Seminar iz metodike matematike.

Istrazivanja u nastavi matematike pretpostavljaju multidisciplinarnost i inter-
disciplinarnost. Stoga je pri istrazivanjima u nastavi matematike neophodna surad-
nja sa znanstvenicima izvan podru¢ja matematike (psiholozima, defektolozima,
pedagozima, istraziva¢ima iz podruc¢ja informacijskih znanosti), iako i dalje drzimo
da razvoj metodike nastave matematike treba njegovati u okvirima matematicke
struke. Pretpostavka je iznalaZenju novih pristupa i metodologija u nastavi matem-
atike u Hrvatskoj upoznavanje iz prve ruke rezultata inozemnih istraZivanja i
strane prakse kako u nastavi matematike tako i definiranju doktorskih studija iz
metodike matematike. Vjerujemo da e izlaganja, rasprava i izmjena iskustava
domacih i stranih izlagaca na Drugom skupu Matematika i dijete potaknuti i ojaati
znanstvenu suradnju iz podruc¢ja metodike nastave matematike na medunarodnoj

* Program medunarodnog ocjenjivanja znanja i vjestina ucenika.



razini. Takoder Zelimo da ovaj skup pridonese brzem zaZzivljavanju doktorskih
studija iz metodike matematike u Hrvatskoj po ugledu na ve¢ postojee u Europi i
svijetu.

Vaznost ovoga skupa prepoznali su domacdi i inozemni znanstvenici, a neki
od njih uspjeli su odvojiti dio svojega vremena za zajedni¢ko druzenje. Zahvalju-
jemo njima i vrijednim Celnicima i poduzetnicima lokalne zajednice te Ministarstvu
znanosti, obrzovanja i Sporta koji su sponzorirali odrZavanje ovoga skupa. U ime
organizacijskoga odbora svima od srca zahvaljujem.

U Osijeku, 24. travnja 2009.

Margita Pavlekovié¢
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MATHEMATICS AND CHILDREN

Preface

In this monography, the authors present the results of their researches and
provide examples of teaching praxis aimed at raising the quality of mathematics
education.

Mathematics is one of the nine academic fields described in the project Tuning
Educational Structures in Europe. Mathematics education (for students as well as
pupils) is organised in accord with the national curriculum framework for math-
ematics field, which defines objectives, learning outcomes and competences of
pupils/students at the end of each educational cycle.

In the scientific and professional circles, the concern for the preparation of
pupils/students for everyday life, employment and life-long education is specially
emphasized.

Schools (educational centres for pupils) and faculties (educational centres for
students) have been connecting with civil society and executives in partnerships
aimed at raising the quality of teaching, which is discussed in the first chapter of
the book.

When it comes to teaching approaches, there have been two contrasting stand-
points throughout history, depending on whether the learning and teaching are
teacher-centered or student-centered. Today, we lean more towards the approach
that sees teacher as the organiser of activities aimed at pupils/teachers’ learning.
Therefore, the mathematics education — and not only it — is organised and designed
in terms of learning outcomes. (In this text, we will be using the term reacher for
a person teaching, and it will be obvious from the context whether it refers to a
schoolteacher or a university professor).

Learning outcomes are statements that describe what pupils/students needs to
know, understand, and be able to do after they have successfully finished an edu-
cational cycle. Learning outcomes are coherent with measurable level descriptors
in national and European frameworks. Learning and teaching (of mathematics)
is more successful if the teacher is familiar with different theories, models and
learning styles, and is capable of suiting “their teaching style” to different learning
styles of their pupils/students. The most famous learning model based on experi-
ence (experiment) is the Kolb’s learning model (1984) which emphasizes the four
main activities in successful learning: Concrete Experience, Reflective Observa-
tion, Abstract Conceptualization, and Active Experimentation, the last one being
favoured by the youngest pupils. The papers in the second chapter deal with the
learning outcomes and teaching styles.



Today there are a number of learning styles models such as the Sternberg
Model (Sternberg 2003), Gardner and Felder-Silverman Model of Multiple Intel-
ligences, and Honey and Mumford Model of Learning. The upsurge of ICT and
the development of intelligent educational systems have increased possibilities for
monitoring the developmental levels in learning process. One of such generally
accepted theories, Van Hiel’s Theory (P. Van Hiele i D. Van Hiele-Geldorf 1959),
is discussed in the paper in the third chapter of this book. In the third chapter, the
results of the research studying students’ learning outcomes are presented.

The fourth chapter deals with the influence of learning and teaching strategies
on learning outcomes.

The fifth chapter discusses the study of mathematics and mathematics educa-
tion from the educators’ point of view. In the first paper, the author reminds us to
mark the occasion of the 100-year birth anniversary of the academic Stanko Bilinski.
The paper comments on the article of S. Bilinski, published in Matematicko-fizicki
list (Mathematical-Physical Journal) 50 years ago in order to encourage youth to
enrol in mathematics studies. The parallels are drawn to contemporary attitudes
towards mathematics. The last article presents the results of the research studying
the opinion of mathematics teachers in primary and secondary schools in Croatia
of their students’ learning outcomes.

References
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Civil society organizations as a
partner in mathematical education

Sanja Rukavina

Faculty of Philosophy, University of Rijeka, Croatia

Abstract. Civil society organizations, especially vocational orga-
nizations, that is, various mathematical societies, are a partner whose
presence and work educational institutions have valued for a long
time. Current changes in our society and educational system give a
new dimension to this partnership. Along with giving comment of
the new situation, we will show the example of good practice and, in
particular, take a look at the program “Development of scientific and
mathematical literacy through active learning”.

Keywords: mathematical education, civil society organization

Introduction

Mathematics as a teaching subject is present on all levels of education. It is
often a topic of discussions within which numerous problems arise: negative grades
within mandatory education, the questions of mathematics teachers’ competencies,
along with the question: do we need that much mathematics at all? In the end,
the central problem is the question of general attitude towards mathematics. So,
the main objective in mathematical education becomes the development of posi-
tive attitude towards mathematics. In order to solve this problem, it is necessary
to include the ones who are formally responsible for the quality of mathematical
education, the ones who took this responsibility by choosing their profession, and
the ones who possess certain knowledge and competencies.

The social context

We bear witness to the processes in the educational system of the Republic
of Croatia whose objectives are the changes in the existing methods of teaching
and learning. The professed objective of these changes is the learner’s becoming
the center of the process in general. In that way, it is expected to harmonize one’s
ideas and actions with this objective. Today, more than ever, we talk about active
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learning, learning outcomes and competencies. On the other hand, it is well-known
that the educational system is slow and it is not realistically to expect that these
changes will come “over night”, no matter how supported they were by the Ministry
of Science, Education and Sports. In order to move fast, it is necessary that all the
teachers are acquainted with new demands of the educational process. Moreover,
they should be in direct contact with the teaching methods which are expected
to be implemented in the classroom. There is an attempt to satisfy this demand
by organizing various seminars and workshops for the teachers, conducted by the
Education and Teacher Training Agency.

Professional associations of mathematicians have always been involved in
mathematical education of the students (they organized summer schools for tal-
lented students, took part in organizing mathematical contests and quizzes, pub-
lished various publications for young mathematicians, etc.). It is evident that the
interest in mathematics is in decrease. Therefore, this kind of engagement turned
out to be insufficient. On the other hand, changes in Croatian educational system
and recognition of non-institutional education enabled the intensified involvement
of civil society organizations. This possibility has been additionally encouraged
in the previous years due to the fact that the Ministry of Science, Education and
Sports announced Competition for the Allocation of Financial Support to Projects
and Programs of Associations in the Field of Non-institutional Education and
Schooling.

The example of good practice

In continuation, we will give the example of the involvement of civil society
organization in mathematical education of primary school pupils in Rijeka in co-
operation with the City of Rijeka as the founder and with the support of Ministry
of Science, Education and Sports. The above-mentioned civil society organization
is Golden Section Society, founded in 2004. It is placed in Rijeka, but it oper-
ates throughout the entire Republic of Croatia. It is comprised of highly educated
experts who are actively involved in education and popularization of sciences and
mathematics. Golden Section Society has organized Science Festival Rijeka since
its beginning. As the matter of fact, foundation of this organization is a result of
the experience gained through the Science Festival. It has been realized that it is
necessary to popularize mathematics and science, but at the same time, there is the
need for implementing modern educational standards in the Croatian educational
system, especially when talking about mathematics and science.

During the previous Science Festivals, which have been organized since 2003,
Golden Section Society has organized numerous workshops for pupils, specialized
teachers and homeroom teachers. It has been shown that the demand for these con-
tents is larger and it goes beyond the frames of the Science Festival. Supported by
Rijeka City Department of Education and Schooling, several programs and projects
were applied to Competition for the Allocation of Financial Support to Projects and
Programs of Associations in the Field of Non-institutional Education and School-
ing, among which some were actualized, and some are in the process of realization.



Civil society organizations as a partner in mathematical education 9

One of these projects will be mentioned here; it is a three-year program “Devel-
opment of scientific and mathematical literacy through active learning” which has
been conducted in Rijeka elementary schools since school year 2007/2008.

Objectives of “Development of scientific and mathematical literacy through
active learning” program are directed towards teachers and pupils’ support in active
learning and teaching.

Program activities are directed towards:

1) carrying out lessons whose objective is the promotion of active learning that
challenges interest, motivation and long-term memory of mathematics and
physics contents in full-time education and

2) supporting teachers in active classes, through carryng out teaching classes and
making a handbook which will serve to the teachers and students as a support
in this working method.

Six different mathematic contents are carried out for the students of fourth to
eighth grade within the program framework. Authors of the educational contents
which are presented within this program are university professors and their students
of teaching course, who are already involved in full-time education. After carrying
out each content, a survey is given in order to get an insight in the acceptibility of
this method. The results of the questionnaire will be presented in the publication
whose printing is planned for the final year of program execution.

“Development of scientific and mathematical literacy through active learning”
program is in its central phase. At least one mathematical contents has been pre-
sented in each elementary school in Rijeka. More than five hundred pupils from
fourth to eighth grade, along with their teachers, have taken part in it. This program
is not intended for a certain category of pupils, but for all the pupils of a certain
age. Contents presentation tries to promote a deep down access to learning which
arises from the need for meaningful engagement in the problem. There is an aspi-
ration to understanding fundamental ideas and principles and developing positive
emotions for learning: developing interests, feelings of importance, enthusiasm
and satisfaction in learning. Survey results show positive reactions even with the
students who don’t like mathematics. The majority of the teachers who took part
in carrying out mathematical contents express their satisfaction. Many of them ac-
cepted it as an example of good practice, which we consider extremely important,
especially when talking about homeroom teachers, considering the well-known
fact that many of them who choose their profession have a rather negative attitude
towards mathematics.

Conclusion

All things considered, it can be concluded that civil society organizations can
be a reliable and respectible partner in mathematical education. But, the support
of the local community and the Ministry of Science, Education and Sports is of
extreme importance. It would have been impossible to carry out this program



10

S. Rukavina

without the support of the City of Rijeka (founders of elementary schools which
carry out the program) and the Ministry of Science, Education and Sports. When
talking about mathematical education, there is a need and possibility for including
civil society organizations, and it is up to them to offer mathematical education
programs of appropriate quality.
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Mathematics teachers as researchers
of their teaching and pupils’ learning

Tatjana Hodnik Cade?

Faculty of Education, University of Ljubljana, Slovenia

Abstract. The teaching of mathematics at any level is a very
demanding task for teachers. Firstly, mathematics is one of the
most difficult school subject, secondly, pupils do not see any use of
mathematics in their every day life, thirdly, quite many of them have
difficulties in understanding mathematical concepts. . . There has been
a lot of research done in the area of teaching and learning mathematics
and it seems that the results (in many cases very encouraging from
the researchers’ perspective) do not become alive in the mathematics
classrooms. What is the reason? We believe that one of the very impor-
tant reason is that teachers do not very easily change their subjective
theories about teaching and learning mathematics and therefore usually
do not accept researchers’ findings as real, useful. The paper presents
the idea of teachers being researchers of their own teaching practice.
We invited teachers to join the project Partnership between Faculty of
education, University of Ljubljana and some Slovenian schools. The
main research area of the project was integrated curriculum and the
mathematics teachers involved in the project were asked to develop a
teaching approach based on joining different school subjects according
to the teaching aims of each subject. The aim of developing such an
approach was to deepen pupils’ mathematical knowledge and to im-
prove their skills of using and applying mathematics. The methodology
teachers mainly used was action research based on three action steps.
The paper will present some examples of action research developed
and performed by teachers, and analysis of research findings.

Keywords: action research, mathematics, interdisciplinary con-
nections, teaching approach

Introduction

One of the important principles of revitalizing the primary school curriculum
is the horizontal integration and intertwinement of knowledge, which can best be
achieved by means of interdisciplinary and inter-subject connections. Interdisci-
plinary connections represent a didactic approach, a teaching approach, where the
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teacher tries to present or treat a certain content or problem as comprehensively
as possible. Such work demands that the teacher clearly defines the objectives
and the content of various subjects and combines them. It also requires careful
planning and good content-related and organizational implementation based on
cognitive constructivist teaching methods. Interdisciplinary connections should be
adjusted to the pupils’ grade level and their previous knowledge. Sometimes, the
cooperation of teachers of various subjects is required as well. Interdisciplinary
connections should be implemented when this course of action is logical, when
there are reasons for such connections and when this enables us to improve the
pupils’ creativity and motivation.

There has not been much research done on the interdisciplinary connections
in the Slovenian context. The term interdisciplinary connections itself is relatively
new. Shoemaker (in Lake, 2002) defines the interdisciplinary connections as ed-
ucation organized in such a way that it combines the common characteristics of
various disciplines into a coherent whole. Martin-Kneip, Fiege and Soodak (1995)
define the interdisciplinary connections as an example of holistic learning and
teaching which reflects the real interactive world and its complexity, bridges the
boundaries between the disciplines, and fosters the principle that all knowledge is
linked.

Interdisciplinary connections

When we talk about interdisciplinary connections, we do not refer only to con-
ceptual knowledge, but rather emphasize generic skills, for the learning of which
content is important but not fundamental. Generic skills could be defined as skills
which are independent of content, transferable, and useful in various situations.
Let us enumerate a few: critical thinking, problem solving, data processing, use of
IKT, execution of project assignments, active learning, reading, writing, listening
etc. In theory, interdisciplinary integration is related to the real life, which gives
the pupil a reason and a strong motive for learning.

Besides the importance of discipline connections and generic skills develop-
ment for interdisciplinary connections we have to mention the importance of the
interdisciplinary connections learning process. In many practical cases, integra-
tion does not prove to be as logical as we would have expected, but the process
of integration is much more significant than the content of interdisciplinary inte-
gration. With this we wish to emphasize that a child learns from the process of
integration itself, recognizing that contents can be integrated, searching through
the subjects connected, and, not least, establishing stronger relations between con-
cepts. Inevitably, the logical integrations will be more effective in the adoption of
the integration process that the less sensible ones.

Cromwell (in Lake, 2002), for example, explains that the human brain is or-
ganized in such a way that it can process many facts at the same time and that
information gained by holistic experiences is recalled easily and quickly. We
should also mention the Caine and Caine (1997) research findings, which prove
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that the brain of every person is universal and that every person has their own way
of learning. Their research revealed that every person’s learning style and use of
knowledge depend on the integration of new information with previous knowledge
and his/her experience. This leads to the conclusion that we have to approach
learning and teaching very carefully and that we must not favour one principle
which might seem the most logical and sensible. Naturally, this stands for interdis-
ciplinary integration as well. Sylwester (1995) summarized a number of research
studies and, focusing on brain activity, developed a list of teaching advice for the
teacher. We will enumerate only a few (Sylwester, 1995):

e Organize cooperative learning (emphasize the social aspect of the experi-

ence).

The emotional element of learning is important.
Teach what is important to know or understand.
Employ technology.

Work in a team.

When treating problems take into consideration all intelligences. (Gardner
(1983) suggests that each person has at least 8 intelligences and claims
that schools develop and measure mainly the logical-mathematical and the
linguistic intelligence.) When teachers are stimulating all of their pupils’
intelligences, the curriculum becomes interdisciplinary, which, among other
things, enables the pupils to employ various learning styles (Drake, 1998).

Regarding the curriculum we should emphasise that we can distinguish at
least three types of curriculums according to different ways of interdisciplinary
integration/connections (Erickson, 1995): the multidisciplinary curriculum, the
interdisciplinary curriculum, and the transdisciplinary curriculum. The multidis-
ciplinary curriculum is organized in such a way that a certain theme is treated by
various school subjects, which can encourage the pupils to search for connections
between the subjects on their own. With the interdisciplinary curriculum the em-
phasis lies on the subject integration, which is presented to pupils explicitly; certain
themes or concepts which are common to all disciplines, are taught together. The
transdisciplinary curriculum, as the highest level of integration, is based on the
realistic context. The results of the learning process are more often assessed from
the perspective of social responsibility development and personal growth than from
the perspective of discipline integration.

In the Slovenia context, we practically cannot find a curriculum based entirely
on the concept of interdisciplinary integration, even though some possibilities for
content integration have been indicated within the curriculums of particular sub-
jects; more in the sense of content correlations. This is mostly the case with lower
grades, where all subjects are taught by one teacher and such connections are easier
to implement from the organizational perspective. On the other hand, the imple-
mentation of interdisciplinary integration in higher grades requires much teamwork
and coordination. Some related experiments in school practices will be presented
in the empirical part of the paper.

In the paper we will not be discussing the curriculum, but rather the interdis-
ciplinary integration/connections as a teaching approach, as already mentioned in
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the introduction.

In school practices in Slovenia, the interdisciplinary connections are best
achieved in the first trimester, when all subjects are taught by one teacher who
knows the curriculum and is quick to find the possibilities for connections. In
the second trimester we encounter the interdisciplinary connections mostly in the
organizational forms such as summer camps, sports days, project work, sports
weekends and months, research assignments, first aid classes, cycling proficiency
tests, and competitions.

Kovag, Jurak, Starc (2004) claim that the following criteria have to be met for
the success of interdisciplinary connections:

a) the teacher has to know precisely what objectives he/she wishes to achieve
in certain subjects by means of interdisciplinary integration, and consequently
he/she has to be familiar with the objectives and content of various subjects;

b) joint cooperation of teachers of different subjects is necessary;

c) the choice of contents, the transfer of knowledge, and the organization of lessons
have to be adjusted to the children’s level of development and education;

d) each interdisciplinary connection has to be planned carefully and has to include
individual work of pupils;
e) at the end, the teacher analyzes the realization of the objectives defined.

We wish to emphasize that in Slovenia there are contrasting examples of inte-
gration practices and various reasons for integration: transferable knowledge, save
time, learning for life, motivation, supplementing the disciplines. As mentioned
before, with transferable knowledge we mostly refer to generic skills, which are
presently underdeveloped in Slovenia, but some changes in this field have been
indicated as well. When supplementing the disciplines in practice, we encounter
various forms or ways of implementation. Let us look at some examples of inte-
gration between mathematics and other disciplines.

Example 1: Mathematics: The pupil can arrange objects according to their char-
acteristics.
Music: The pupil recognizes different instruments and plays them,
recognizes different tones (the difference in pitch) and arranges them.
One possible lesson plan: The pupil is arranging tones according to
their height. He/She is learning how to arrange objects and how to
recognize different tones.
Possible issues, traps: When both themes are new to the pupil, learn-
ing is made more difficult and more complex, because he/she has to
arrange things that he/she is still learning about.

Example 2:  Music: The pupil understands the concept of pitch, tones of different
height (introducing a new lesson)
Mathematics: The pupil can arrange objects, ideas (to reinforce the
knowledge acquired)
One possible lesson plan: The pupil plays different instruments, sings
and arranges the tones according to their height. The process of ar-
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ranging objects is familiar to him/her, while tones of different heights
represent a new concept.

LR R TS )

Example 3: Language: The pupil is familiar with “puzzle” words with “lj”, “nj
(spelling and pronunciation differ) and regular words with “lj”, “nj”
(introducing a new teaching unit).
Mathematics: The pupil fills in the Carroll diagram of two sets (test-
ing the knowledge gained).
One possible lesson plan: The pupil uses the Carroll diagram to ar-
range words. The diagram is a tool the pupil is familiar with, used
for the practical demonstration of newly acquired knowledge.

By means of interdisciplinary integration we can also increase the pupils’
motivation (in this case we refer to correlations and not the actual integration of
contents), for example, pairs of socks and the multiplication table for the number
2.

It is clearly evident from the research (Filipi¢, Hodnik Cade?, 2005) that
integration is most commonly achieved by supplementing the disciplines and by
correlations, which are in most cases, as already mentioned, motivating examples.
Integration of this kind can hardly be called a teaching approach, because these are
actually situations where we wish to thematically link two related disciplines, and
where the integration of concepts from different disciplines and the development
of generic skills and procedural knowledge are not emphasized.

Consequently, we used the MODEL 1V project: the Faculties/Schools Part-
nership (The teacher researcher and interdisciplinary connections), made possible
with the co-funding of the European Social Fund of the European Union and the
Ministry of Education and Sport of the Republic of Slovenia, (hereinafter called
“Model IV”) to encourage the teachers to develop a teaching approach which would
be based on the interdisciplinary integration and with the help of which they would
try to improve the pupils’ and students’ level of useful knowledge. The teach-
ers acted as researchers of their own teaching practice, which included mastering
the skills of interdisciplinary connections, planning, conducting and evaluating a
practical case of interdisciplinary connections, and teamwork. The results of the
teachers’ work are presented in the following chapters.

Teacher researcher. Analysis of examples of good practice of
interdisciplinary connections

Background

In Slovenia it is rarely emphasized that research is one of the teacher’s roles.
Teachers are not trained well enough in the field of practical research and their on-
going professional training is focused on course content and contemporary teaching
methods. In Finland, for example, the guiding principle of teacher training is re-
search, the importance of which is based on the following: teachers need to be
familiar with the latest research in the field of teaching and learning, they need
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to know how to implement the research findings in practical situations, and they
need to possess the necessary academic and professional competence for research,
which enables them to systematically plan the instruction, to help develop social
and ethical dimensions of pedagogical work, and to assume a more responsible role
in the society (Niemi, Jakku-Sihvonen, 2006).

We are convinced that Slovene teachers should play a more active role in the
society. Systematic research would enable teachers to participate actively in the
discussions and argumentations about the curriculum, its contents and goals, about
the learning process, instruction, pupils’ development, and, not least, the ethical
questions of their profession.

Training the teachers in the field of research was the main goal of our Model IV
project. The guiding principle of the Model IV project was that the teachers must
actively participate in the research on the way their pupils are gaining knowledge,
how they are learning. When teachers play an active role in the research process
and when they enjoy the support of their partners form the Faculty of Education, the
probability that they will consider their new role in the classroom and even trans-
form it on the basis of the research findings, is far greater than when they are only
informed of the research findings, or when researchers conduct a research study in
their groups of pupils. The teachers involved in the project conducted a research
on interdisciplinary connections. The teachers played the role of researchers on
interdisciplinary integration in classes they teach, and in most cases they worked
in teacher teams. We wish to emphasize that we organized a number of training
classes in the field of interdisciplinary integration and research for the teachers who
wished to participate in the project. The teachers participated in the project for
one school year (2007) and they conducted their research during regular classes in
close cooperation with their mentors from the Faculty of Education (Krek, Hodnik
éadei, Vogrinc, Sicherl Kafol, Devjak, §temberger, 2007). The teachers chose
various disciplines for interdisciplinary integration. We played the role of mentors
to those teachers who chose to integrate mathematics with other disciplines. In
total, we cooperated with 33 teachers from 11 schools and kindergartens (2 kinder-
gartens, 1 grammar school, and 8 elementary schools). At the completion of the
project we received 9 reports on interdisciplinary connections which included the
field of mathematics. One report was not complete, but 8 were satisfactory. A total
number of 25 teachers cooperated on the eight reports which are the subject of our
analysis.

Teacher researchers’ reports analysis
Statement of the problem

At the completion of the year-long research, the teacher researchers who par-
ticipated in the Model IV project wrote their reports, consisting of the key structural
elements of the research report: summary, keywords, theoretical and empirical part,
significance of the research for practice and conclusion, and appendixes. All re-
ports have two themes in common: action research and interdisciplinary integration
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including the field of mathematics. The main objective of this teacher researchers’
reports analysis is to combine their findings, present examples of good practice and
make recommendations for the implementation of interdisciplinary integration and
action research for teachers in school practice.

Research questions

When analyzing the teacher researchers’ reports we were trying to answer the
following questions: Which research problems the research was focused on?
Which research method was used?

How did they implement the research in practice?
What were their research findings and recommendations for implementation in
practice?

Method

We employed the method of descriptive analysis.

Sample

The sample includes 8 teacher researchers’ reports (in total, 25 teachers and
420 pupils who were included in the research). The research was conducted during
the 2006/2007 school year. The teachers involved work in different Slovenian
regions. This is a purposive sample.

Reports analysis

The teachers’ research reports are quite extensive, 20 to 40 pages each (without
appendixes), or 30 to 60 pages with appendixes. All contributions are structured
as reports, consisting of: summary, theoretical part, empirical part (problem defi-
nition, methodology, and findings analysis), conclusion and recommendations for
practical use, and appendixes (lesson plans, tests, questionnaires).

Coding of reports

When analysing the reports we chose a few key categories which are important
for the analysis and interpretation of each teacher’s research on interdisciplinary
integration. These categories are: the number of teachers per team, grade level and
number of pupils included in the research, research problem, research methodology,
and research findings.
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Reports analysis according to key categories

1. Number of teachers

As already mentioned, 25 teachers handed in their reports (18 class teachers, 2
single subject teachers, and 5 grammar school teachers). They all worked in a team
of 2 to 5 teachers, namely 4 pairs of teachers, one team of three teachers, one team
of four teachers, and two teams of five teachers. Three pairs, the team of three
teachers, and the team of four teachers consisted of class teachers, while one of
the five-member teams consisted of class teachers and the other of grammar school
teachers. One pair consisted of subject teachers. It turned out that all teachers
involved chose to work in teams.

2. Number of pupils

The total number of students involved in the analyzed sample of teacher researchers’
reports was 420, namely 30 first-grade pupils, 28 second-grade pupils, 9 third-grade
pupils, 151 fourth-grade pupils, 83 fifth-grade pupils, and 34 eight-grade pupils
from elementary schools as well as 20 first-year pupils and 25 third-year pupils
from grammar schools. The number of fourth-grade elementary school pupils
stands out, since the largest number of teachers-researchers teach fourth grade in
elementary schools (the total number is 8 class teachers).

3. Research problem, methodology, findings

We established that the research problems of all the reports relate to interdisci-
plinary connections or mathematics. The reports will be divided into two groups:
1 report dealing with mathematics, action research method (I. group) and 7 reports
dealing with action research interdisciplinary connections (II. group). We will
present the analyses of these two groups of reports separately.

I. group of reports (the common theme is mathematics, the method is action re-
search)

This group comprises of the report dealing with the mathematical word
problem solving in the first five grades of elementary school. This research was
conducted by 5 teachers (one teacher of each of the first five elementary school
grades) and included 47 pupils (6 first-grade pupils, 8 second-grade pupils, 9
third-grade pupils, 15 fourth-grade pupils, and 9 fifth-grade pupils).

The report presents the research on mathematical word problem solving in
the first five grades of elementary school and sets forth the following research
problem: “How to employ an effective teaching approach to improve the math-
ematical word problem solving?” The research team employed the method of
action research in 3 steps: assessing the existing knowledge (how successful
the pupils are in word problem solving), developing a teaching approach to
word problem solving, and assessing the pupils’ progress in mathematical word
problem solving. The instruments of the first and third steps are tests in math-
ematical word problem solving. The researchers presented the results of these
test by means of tables and diagrams. The teaching approach they developed
emphasizes the strategies of mathematical word problem solving (read the text,
describe the problem in your own words, underline key information, write down
the calculation, check the solving process, check the logic of the result, write
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II.

down the answer). It turned out that the pupils did follow the process of problem
solving, but their results or accurate answers were not much improved from the
Ist to the 2nd tests (for example, the fifth-grade pupils had a 53% success rate
in the 1st test and a 56% success rate in the 2nd test, third-grade pupils’ results
were similar: a 65% success rate in the 1st test and a 67% success rate in the
2nd test). The forth-grade pupils’ results are somewhat different: their success
rate in the 2nd test displayed an average increase of 26%.

It turned out that it is useful to know how to use the mathematic word
problem solving process, but that the basic tools remain the knowledge of
calculations and the understanding of problematic situations. The latter is un-
doubtedly complex and not necessarily in direct proportion to the knowledge of
the word problem solving processes. The researchers concluded their report by
stating that they have observed a visible improvement in the knowledge of the
word problem solving processes, but no visible progress in problem solving.
This is an interesting observation which leads to the search for new solutions for
the successful instruction of mathematical word problem solving, which causes
problems for a number of pupils.

group of reports (the common subject is interdisciplinary connections, the
methodology is action research)

This group comprises of the 7 reports dealing with interdisciplinary integra-
tion, namely how the mathematical content can be combined with other contents
of the curriculum, and action research. These research studies were conducted
by 20 teachers (1 first-grade teacher, 5 fifth-grade teachers, 2 eight-grade teach-
ers and 5 grammar school teachers) and included 373 pupils (Diagram 1).
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Diagram 1. Number of pupils involved in the research.

All reports have two main research questions in common:

e How to improve the pupils’ or students’ useful knowledge of data process-
ing?

e How to develop a teaching approach that would enable the teachers to im-
prove the useful knowledge of their pupils or students?
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The methodology that was used for all research studies is the method of action
research. The three action steps can be summarized in the following way:

1. Assess the level of basic and useful knowledge of data processing (test 1).

2. Based on the results of the test 1, develop a teaching approach based on in-
terdisciplinary connections, namely on combining the data processing contents
with various other contents (developing the pupils’ useful knowledge).

3. Assess the pupils’ progress in useful knowledge and determine the success of
the teaching approach developed (use test 2).

In step 1, the teachers/researchers determined that the pupils were familiar
with the data processing concepts when these were strictly mathematical, but that
they ran into problems when asked to apply or use this knowledge on other contents
(especially natural sciences and social sciences). Let us look at some of the results
of the first and second tests, which clearly show that the progress in the pupils’
knowledge following the teacher’s intervention.

a) Two teacher researchers, 4th grade, total number of students: 47, theme: in-
tegration of data processing contents with language, natural sciences, physical
education, social sciences, and music. The pupils had a 24% success rate in the
first test, and a 77% success rate in the second test. The progress in the pupils’
useful knowledge is obvious.

b) Two teacher researchers, 8th grade, total number of pupils: 34, theme: integra-
tion of mathematics, geography, history, chemistry, and biology. The arithmetic
mean of the success rate in the first test was 6.96 in the useful knowledge tasks
and 16.84 in the basic knowledge tasks, while the arithmetic mean of the success
rate in the second test was 12.02 in the useful knowledge tasks and 18.76 in the
basic knowledge tasks. It is obvious that the pupils’ knowledge has improved,
enabling them to use their knowledge in new situations.

c¢) Five teacher researchers, 2nd and 3rd year of grammar school, total number of
students: 85, theme: integration of mathematics, geography, history, German
language, and Slovene language. The increase in the success rate of second-
year students was 17% from the first to the second test, while the increase in the
success rate of third-year students was 13.3%. The teacher researchers ascribe
the success to teamwork, integration of contents, and students’ motivation.

d) Three teacher researchers, 5th grade, total number of pupils: 54, theme: in-
tegration of language and mathematics, mathematics and physical education,
and mathematics and social sciences. The pupils’ success rate when combining
language and mathematics was 70.2% in the first test and 94.9% in the second
test. When combining mathematics and PE, their success rate was 61.4% in
the first and 95.0% in the second test. Their success rate when combining
mathematics and social sciences was 90.6% in the first test, which is why they
were not tested for the second time.

Following the results of the first test (with all teacher researchers this test
showed that the pupils’ useful knowledge was not as good as their basic knowledge)
the teachers developed a teaching approach based on interdisciplinary connections.
They combined mathematics, namely the contents of data processing, with other
disciplines of the curriculum. The class teacher researchers mostly integrated the
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fields of natural sciences and social sciences, followed by language, PE, and music.
Regarding the subject teachers and grammar school teacher researchers we can set
forth the integration of mathematics with geography and history, followed by the
integration of mathematics with chemistry, biology, and language.

We can conclude that the teachers planned their teaching approaches accord-
ing to the objectives and contents of specific disciplines. Schematically, we could
present the concept of integration in the following way (Diagram 2).

o Teaching
Discipline 1 ohjectives,
contents
o Teaching Joint teaching Interdizcinling
Discipline 2 ohjectives, ohjectives, integratiuﬁ a
contents contents
Teaching
Discipline 3 ohjectives,
contents

Diagram 2. An example of the interdisciplinary planning (Hodnik Cadez,
Filipci¢ (20053)).

Let us look at some examples of the integration planning process from the
reports:

Example 1: Subject: mathematics, natural sciences, and technical science
Grade: 4
Theme: The animal kingdom
Contents and objectives: The pupil can distinguish between the
living beings according to their physical appearance, habitat, and
diet. He/She acquires the new concepts: herbivore, carnivore, omni-
vore, vertebrates, invertebrates. He/She knows what the animals eat.
He/she chooses a demonstration of one of the ways the animals eat.
He/She then explains his/her choice of diagram.

Example 2: Subject: Slovene, Hungarian, German language, mathematics
Year: 3
Theme: Media
Contents and objectives: To introduce the media (television, radio,
internet etc.). Use of media among students. Data processing. Ad-
vantages and disadvantages of computers and internet.

Example 3:  Subject: mathematics, social sciences, natural sciences and techni-
cal science
Grade: 4
Theme: Space
Contents and objectives: Creating a mock-up (scale model) of a
house. Definition of the living space. Developing measuring and
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planning skills, and using them in everyday situations. Creating a
floor plan.

In every report the teachers illustrated the approach of work with at least six
descriptions of lessons. The teachers analysed each lesson from the perspective of
achieving the objectives, the pupils’ motivation, and other criteria. Some reports
also contain pictorial matter: photographs of pupils working, pupils’ products. We
have looked in teachers’ teaching approaches in depth as well. We were interested
in teaching methods and forms teachers have used in their approaches. We have
analysed 54 teachers’ descriptions of the lessons in terms of teaching methods and
forms they have used in order to achieve teaching aims. We came with the follow-
ing diagram for the teaching methods teachers have attended to in their approaches
(Diagram 3).
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Diagram 3. The teaching methods in the teachers’ approaches.

It is clear that the main methods teachers have used in their approaches based
on disciplinary connections were conversation (expressed in 92% of all lesson
descriptions) and explanation (80%), written work — mainly means solving math-
ematical tasks on a sheet of paper (56%), and demonstration (28%). Problem
solving method was mentioned only once. We can not conclude that the teachers
have used only passive methods, or that the pupils were not active during the lessons
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but we would prefer that the teachers would decide for more active methods (e.g.
problem solving) more often. The teachers expressed also some activities which
are not the teaching methods (e.g. work with cards, drawing. .. ). This fact can
be understood that the teaching material for teachers (in our case a lesson plan
framework) is not professionally prepared and that the idea of teaching method
could be miss- understood or not properly used by the teachers.

Diagram 4 shows the forms teachers have demonstrated in their new ap-
proaches. The analysis is based on 54 teachers’ descriptions of the lessons.

pairs 7
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| | | | |
0 10 .1 30 40 1] B0

Diagram 4. The teaching forms in the teachers’ approaches.

Most frequently used teaching form was frontal work (96%). Frontal work
is a teaching form where a teacher performs the teaching with the whole group
of pupils in the classroom. Pupils are in a sense “receivers of knowledge”, they
are inferior to their teachers, their activity is mainly emotional perceiving (Blazic,
Grmek, Kramar, Strm¢nik, 2003). Individual work (in 87%) was mainly demon-
strated in the classrooms by solving mathematical tasks individually, group work
was used in 39% of the lessons, and work in pairs in 13% of the lessons.

We believe that the teachers were very much occupied with the new approach
on interdisciplinary connections they were developing, with the contents and the
processes of the lessons and therefore have used more traditional teaching methods
and forms. This could mean a save way of introducing new teaching approach or
the standard of their teaching.

Conclusion

We find out that all teachers in their reports described the research they had
conducted as a pleasant experience, because the research work had the proper expert
support provided by mentors and training, and because the research was though
through, systematically organized and executed, and appropriately evaluated.
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Based on the reports of teacher researchers involved in the Model IV project
(in total, 25 teachers and 420 pupils) we can claim that the research and research
findings represented a giant step forward in the pedagogic practice, in each and
every case. A step forward in the following areas: The pupils were acquiring
knowledge throughout the process (none of the teachers reported a deterioration in
their pupils’ knowledge).

e This improvement in the pupils’ knowledge is the result of the teacher’s

active intervention in the teaching practice.

e The teachers have gained new dimensions of treating the teaching contents.
The disciplines are not separated from one another and they have common
objectives and contents.

e The teachers have gained experience in research work and teamwork.
e The teachers were satisfied with the research findings.

The mentors of teacher researchers have observed that teachers need even more
training in the field of practical research and that they need to upgrade their pro-
fessional writing skills. The teacher researchers encountered numerous problems
when writing their reports, especially when writing a clear interpretation of their
findings. We are convinced that we can influence the implementation of the teach-
ing process and the teachers’ research only through the close cooperation between
the Faculty and the school teachers. We believe that teachers need the research
knowledge and that they need to be informed of the latest research in the field of
teaching. To achieve progress in the research we need to integrate the expert and
educational contents. Teachers who conduct research gain an analytical insight
into their own work, based on which they can draw certain conclusions that help
them systematically develop the teaching and learning process, and enable them to
play an active part in discussions and decisions related to education.
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Abstract. After having approved integrated undergraduate and
graduate five-year university studies in 2005 and 2006, Croatia expects
the first coordination and renewal of class teacher studies curricula.
We have carried out research wishing to define learning outcomes
for class teacher students in accordance with children’s interests in
primary education and labour market demands, with special emphasis
on extracurricular activities concerning the field of mathematics —
informatics.

The article describes results of the research carried out in Decem-
ber 2008 in six primary schools in Osijek, in which 107 four-grade
pupils and their 21 teachers were involved. The aim of the research
was to determine to what extent the teachers’ offer is in accordance
with pupils’ choice of extracurricular activities in four fields: language
and art, physical education, science and ecology, and mathematics and
informatics, the first two fields belonging to social sciences and the
last two to natural sciences. The article also analyses the number of
students in Croatia enrolled in social and natural sciences studies in
academic year 2008 /09 and relates it to the lack of experts on the labour
market having knowledge and skills in mathematics and informatics.
The research results have helped the authors become more confident
about defining the mathematics and informatics learning outcomes for
class teacher students. The authors are likely to encourage school
education authorities, school boards, and teachers to direct pupils’
interests towards those types of knowledge and skills, which are in
demand on the labour market.

Keywords: extracurricular activities, primary school, learning
outcomes, labour market
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Introduction

Although there has been a four-decade long tradition of extracurricular activ-
ities in Croatia, the attention they have received is still insufficient (Jurci¢, 2008).
The number of families in which both parents work has increased, which leads to a
problem of taking care of pupils after lessons. This results in the need for organized
activities after regular lessons in order to fulfil pupils’ free time until their parents
come home from work. However, the main role of extracurricular activities is to
enable pupils’ normal psychophysical development, their appropriate socialization,
to develop the need for meaningful free time spending, to improve pupils’ quality
of life, and to prepare pupils for involvement in the work society.

At the moment a new National Curriculum is being created in the Republic of
Croatia, therefore it is necessary to pay attention to this type of educational activity
in primary school. Analysing the curriculum for the pupils from grade one to four,
one can notice that one session of advanced individual counselling and tutoring, as
suggested in the curriculum, is insufficient to fulfil pupils’ free time after regular
lessons and does not meet pupils’ needs for extracurricular activities ([9]). The ben-
efits and advantages of extracurricular activities are numerous, therefore the issue
of their complete inclusion in educational system has become even more important
and has had wider implications. Based on the report by the US Ministry of Justice
and their Ministry of Education in June 1998, the following can be concluded about
the advantages and benefits of time spent purposefully after the regular lessons.
They include:

e improving pupils’ school success
e attending lessons more regularly and decreasing the number of drop-out
pupils
doing homework more successfully and regularly
improving pupils’ behaviour at school
increasing the number of students with a plan for their future
decreasing violence and youth crime, school vandalism, drugs and alcohol
abuse (Siljkovié et al., 2007).

For better organization of extracurricular activities, it is necessary to provide
essential education for teachers, even at universities, so that they could recognize
pupils’ potentials and interests on time and develop them appropriately. Of course,

teacher’s satisfaction and motivation for organising extracurricular activities must
not be neglected.

Characteristics and categorization of extracurricular
activities

Extracurricular activities encompass different contents apart from regular
lessons, and a school organises them on its premises. They are supposed to fulfil
pupils’ individual and actual needs, interests and abilities, expand and broaden
their motor knowledge, develop appropriate interrelations, and bring pupils and
their teachers closer together.
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Extracurricular activities can be categorised, among other, according to subject
fields, their purpose, where they take place, etc.

According to subject fields, they can be classified into the following categories:
physical education, language and arts, mathematics and informatics, and science
and ecology. The first two belong to social sciences and the last two to natural
sciences. Furthermore, they can be classified according to place where they are
organised into those which take place on school premises and those which are or-
ganised outside school. Some authors (Jurcié, 2008) also suggest classification of
extracurricular activities into artistic, educational and informational — instructional.

Extracurricular activities are organised at the beginning of the school year for
pupils from grade one to eight. It is up to each pupil to choose activities according
to their interest, needs and abilities, but the choice is partially limited by teachers’
offers. It is necessary to familiarise pupils’ parents with the purpose, time, place
and the way of teaching extracurricular activities. The aim of extracurricular activi-
ties is to include as many pupils as possible and direct them to appropriate activities
according to their wishes and abilities. Extracurricular activities provide and create
conditions for pupils to take part in different organisational types of work that are
meaningful and satisfactory.

The pupils are expected to participate actively in the organising of extracurric-
ular activities, more precisely, they should initiate the offer of activities, participate
in curriculum development, decide on the activities’ content, as well as their course
and importance. Additionally, itis important to enable a pupil to attend the activities
regularly and to try to fulfil pupil’s expectations.

Offer and choice of extracurricular activities concerning
the teacher — pupil relations

Teachers are the organisers of extracurricular activities and their decision on
the choice of activity directly influences the offer. They usually choose only one
activity, rarely two or more. Their decision on offer partially limits pupils’ choice.
Motivation and adequate working conditions are important factors which also in-
fluence teacher’s choice of activities. Teacher’s task is to recognise pupil’s abilities
and predispositions, which are going to influence teacher’s decision on what activ-
ities to offer. Of course, teachers should be adequately and sufficiently educated
so that their offer does not include their personal views. This primarily refers to
teachers and pupils’ prejudice against certain extracurricular activities. The most
common prejudice refers to extracurricular activities concerning natural sciences,
especially mathematics and its familiar subjects. The prejudice affects all popu-
lation from pre-school children to college students. One can often notice gender
dominated extracurricular activities, it is believed that girls are usually better at
activities connected to social sciences and boys at natural sciences.

From 1998 to 2008 first-year students of the Faculty for Teacher Education
have had a choice of three modules in their further course of studies: developmental
module A, informatics module B and foreign languages module C. The offer of
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modules is directed to labour market demands, especially the one regarding math-
ematics and informatics fields. During this course of time, the least percentage of
students chooses the informatics module, i.e. the one belonging to mathematics
and informatics fields. Hence, the students are still not aware of the labour market
needs despite the existing initiatives on the faculty’s behalf.

Pupil’s choice should be independent from teacher’s offer because the chosen
extracurricular activity should create a feeling of satisfaction and desire to ex-
plore and create. Pupil’s choice is also influenced by their general school success,
especially by the grades that they have in the subject related to a certain extracur-
ricular activity. Our research has shown that pupils usually choose extracurricular
activities according to subjects in which they have excellent grades.

There should be an endeavour for an extracurricular activity to be a result of
pupils’ wishes, teachers’ abilities and the labour market demands. It is necessary
to continuously educate teachers and provide them with professional development
in order to achieve the satisfactory balance among teacher’s offer, pupils’ choice
of the extracurricular activity and market demand. School is obliged to ensure
the working conditions for teachers (temporal, material and spatial conditions) to
organise an extracurricular activity, as well as support in life-long learning.

Research methodology and results

In December 2008 a questionnaire was conducted about the participation of
fourth-grade pupils in extracurricular activities, and about the teacher’s choice of
extracurricular activities. It was conducted in 6 primary schools in Osijek, on the
sample of 107 pupils and 21 teachers.

The research aim was to establish whether there were differences between the
pupils’ choice and the teachers’ offer of extracurricular activities, as well as to find
out the possible reasons for pupils’ choices and the consequences of these choices.
We have grouped the activities into four fields: language and arts, physical edu-
cation, science and ecology, and mathematics and informatics. In the analysis of
the research results we have included data about the number of students enrolled
in natural and social science studies. We have also used the data about the current
needs on the labour market for experts with mathematical and informatics know-
ledge and skills. Thereby we have tried to find out whether there is a connection
between pupils’ choice of an extracurricular activity from a certain field and the
future choice of university and occupation. We have also looked at the differences
in the choice of extracurricular activities between students of different gender.

Data analysis of extracurricular activities offered by teachers (Figure 1) shows
that the offered activities are most commonly the ones from the following fields:
e language and arts (activities: reciting, drama class, art class, scenery class,
tamburica* class), 46,15%
e mathematics and informatics (activities related to mathematics and infor-
matics technology), 26,92%

* i.e. a very popular Croatian national string instrument (translator’s remark)
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e science and ecology (activities related to science and ecology), 15,38%

e physical education (activities: rhythmic, dodge ball, small field football),
11,54%

Figure 1 shows that majority of teachers offer activities from the language and
arts fields, whereas the activities from the mathematic-informatics field and science
and ecology fields are much less represented. The lowest percentage of teachers
offers activities from physical education field. To conclude, most teachers offer
extracurricular activities from the field of social sciences.

Physical
education
11,54%

Science and
ecology
15,38%

Language and
arts
46,15%

Mathematics’
and
informatics
26,92%

Figure 1. Teachers’ offer of extracurricular activities.

Data analysis of pupils’ choice of extracurricular activities has shown the
following percentage of representation:

e language and arts, 38,04%

e physical education, 36,26%

e mathematics and informatics, 19,94%
e science and ecology, 5,76%

It is obvious (Figure 2) that most students choose activities from the language
and arts fields, as well as the physical education field, whereas fewer activities are
chosen from mathematics and informatics fields, and the fewest from the fields of
science and ecology. Therefore, a higher percentage of students choose extracur-
ricular activities from the field of social sciences, as well.

In relation to examinees’ gender, we have observed certain differences in the
choice of extracurricular activities according to fields. Male pupils choose ex-
tracurricular activities from the field of physical education, and mathematics and
informatics, whereas female students are more prone to choose activities from the
language and arts fields. If we take a look at their choices and compare them to the
science field, we can see that the percentage of male pupils choosing extracurricular
activities which belong to natural sciences is 6,42 higher than the percentage of
female pupils choosing them.
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19,94%

Figure 2. Students’ choice of extracurricular activities by field.

The choice of extracurricular activities from certain fields through different
grades shows that pupils’ interests for these fields oscillate. Throughout the grades,
what varies most is the interest for extracurricular activities in the field of science
and ecology, i.e. there is a negative correlation.

Moving to the upper grades, pupils considerably lose interest for extracurric-
ular activities belonging to the field of science and ecology (Figure 3).
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40,00%

35,00% 1 H

B Language and arts
30,00% H
B Matematics and

25,00% 1 I informatics

20,00%- | |O Science and
ecology

15,00% || |0 Physical education

10,00% H

5,00% H

0,00% - — ; - L
1.grade 2.grade 3.grade 4.grade

Figure 3. Students’ choice of extracurricular activities throughout grades.

Considering the pupils’ gender, we have done the same analysis of pupils’
choice throughout grades. The female pupils’ results reveal a positive correlation
between interest and choice of extracurricular activities from the language and arts
fields, and a negative correlation between interest and choice of extracurricular
activities from the physical education field, and science and ecology fields. As
female pupils move to the upper grades their interest for the above stated fields
rises or falls, in the order mentioned.
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The male pupils’ results show that there is a positive correlation between inter-
est and choice of extracurricular activities from the field of physical education, and
negative correlation between interest and choice of extracurricular activities from
all other fields. Moving to the upper grades, the interest of pupils does not grow
for any other field but physical education.

If we compare the relation between the offer and the demand for extracurric-
ular activities, we can see that there is an imbalance between the teachers’ offer
of extracurricular activities and the pupils’ choice by fields (Figure 4). Teachers’
offer of extracurricular activities from the field of science and ecology is 9, 62 %
higher than pupils’ demand in that field. On the other hand, pupils’ demand for
the activities from the field of physical education is 24, 72 % higher than teachers’
offer.

50,00%-

45,00%

40,00%

35,00%-

30,00%
25,00%-
20,00%

O Activities of teachers
B Activities of students

15,00%
10,00%-{

5,00%-

0,00%-

Language  \Mathematics Science Physical
and arts  and informatics and ecology  education

Figure 4. Relation of offer and choice of activities (Teachers/pupils).

We can conclude that pupils’ choice is still partially conditioned by teachers’
offer. So, the pupil does not have a big influence on the offer of extracurricular
activities, and cannot completely pursue his/her free choice of preferred extracur-
ricular activities.

Furthermore, pupils’ low tendency to choose extracurricular activities in the
field of mathematics and informatics, and negative attitudes towards personal com-
puters and subjects related to mathematics could generally be brought into relation
with the choice of universities related to natural or social sciences, as well as the
choice of occupations which do not require the knowledge of complex and higher
mathematics. The overall process is repeated cyclically because the former teach-
ers’ choice of extracurricular activities is created in the same way students choose
extracurricular activities today, and later faculties and future occupations. Figure 5
shows the percentage of pupils enrolled in natural and social sciences universities
in the academic year 2008/2009 in Croatia.

We can conclude that there is a significant difference in the choice of natural or
sciences universities in favour of social science universities (92,92% of all students
enrolled) ([6]).



Mathematics and informatics in extracurricular activities. . . 33

Universities of natural sciences
7,06%

Universities od social sciences
92,94%

Figure 5. The percentage of students enrolled in natural
and social sciences universities in 2008,/2009.

The situation is reflected on the labour market, where consequentially there is
a lack of experts in natural sciences, especially the ones with knowledge and skills
in mathematics and informatics. According to the data from the Croatian Institute
For Employment, the number of experts needed in mathematical and informatics
field in 2008 was 830, which is 47,6 percent of the overall working positions offered
([7]) This means that almost half of the offered working positions in education are
related to the experts in mathematical and informatics field.

Conclusion

The research results have confirmed our hypothesis that the teachers’ offer of
extracurricular activities is not completely in coordination with pupils’ wishes. To
be more concrete, looking at the choice of activities by teachers and pupils in the
field of physical education and science and ecology, the results of the chi-square test
have shown that we can claim with the 95% certainty that there is a statistically im-
portant difference in the choice of activity. Also, teachers’ offer and pupils’ choice
of extracurricular activities are not in coordination with labour market demand.

The results of chi-square test show that there is a statistically important dif-
ference in the pupils’ choice of activities in natural and social science at all levels
of reliability. It is clear that pupils prefer activities from the field of social sci-
ences, whereas the activities from natural science are still unfairly neglected. This
leads to the conclusion that those prejudices that exist towards natural sciences
and mathematics in our society are passed down from generation to generation and
sometimes from teachers to pupils, so they remain present from the pre-school age
to the university enrolment and later occupation choice. The gained data in the
year 2008,/2009 are a clear signpost that a significantly bigger number of pupils
choose social science studies rather than the natural science studies, in spite of the
fact that the labour market requires education experts in the field of mathematics
and informatics. The research results indicate the need for forming teams of ex-
perts who shall motivate pupils and students to direct their interests towards the
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activities needed on the labour market. The results will be helpful in the process of
coordination and renewal of the curriculum of teacher education studies.
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Mathematics learning built on pictures
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Abstract. We studied learning of mathematics in small schools
of remote areas of Hungary. Disadvantage pupils speak other social
dialect than the teachers, that because even the gifted students can not
reach enough good results. We used pictures, ppt presentation to help
for the students to understand the context of the mathematics tasks and
to help for the teachers to use int he classroom relatively new didactics
tools of education, like group work, ICT, narrative elements of learning
process.

(Our teachers knew very well these methodical tools, but they
thought that one can use them only in top10 schools.)

We taught some elements of history of mathematics, too. Egyptian
number writing was one of the best tool to motivate pupils.

We could see that every student reach better results and the gifted
pupils could solve inverse tasks, some of them were hard also for my
students.

Keywords: new methods of mathematics education, visual ap-
proach, “hands-on” activity, historical thinking, gifted pupils, disad-
vantage pupils

Introduction

We studied learning of mathematics in small schools of remote areas of Hun-
gary. Disadvantage pupils speak other social dialect than the teachers, that because
even the gifted students can not reach enough good results. We used pictures, ppt
presentation to help for the students to understand the context of the mathematics
tasks and to help for the teachers to use in the classroom relatively new didactics
tools of education, like group work, ICT, narrative elements of learning process.
(Our teachers knew very well these methodical tools, but they thought that one can
use them only in top10 schools.)

We taught some elements of history of mathematics, too. Egyptian number
writing was one of the best tool to motivate pupils.
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We could see that every student reach better results and the gifted pupils could
solve inverse tasks, some of them were hard also for my students.

First I would like show for you our educational program, which we elaborated
in the frame of international NEMED project. In the second part of my talk I would
like work together with the audians as a computer aided workshop.

The public opinion and part of the literature regards low motivation as the
cause of poorer learning results among underprivileged children. Sociological re-
search provide alternative answers for the problem: the primary causes for school
failure are communication disorders and low motivation is already a consequence
(Tuveng, E. — Wold, A. H., 2005).

There may be significant differences in language use even among those people
who speak the same language. Linguists describe these deviations as diverse social
dialects. Language differences may be significant not only among people from vari-
ous geographical regions but from different social classes as well. Earlier Bernstein
marked a qualitative difference between two ways of language use — elaborated and
restricted codes — but present day sociolinguistics considers different social dialects
equivalent, hence they equally ensure communication between people. In spite of
this children speaking dialects other than the standard used at school face serious
problems. At conventional schools only students are expected to adapt without
being given any help. Children, partly because of their disadvantages, cannot ask
for help; thus the teaching-learning process is constantly disturbed by the mostly
unrecognized communication barriers. We would like help talented pupils to get
possibility to reach specialised education projects (Balogh, 2004, 2007).

Aim

In our research we study how these disorders occur and by what means is it possible
to reduce them.

Metod

Our research method is participant observation. The conventional observation-
based diagostic survey in this field is inappropriate because it is communication that
is mostly disturbed during classroom observation. It is difficult to notice disorders
only by observation; and the solution of occurring disorders are usually postponed
after the observers are gone. That’s why we collaborate with educators on the de-
velopment of the teaching-learning process and we design each step as a reflection
to the observations. With this method we recognize the problems and the possible
solutions at the same time.

To collect information about motivation of the pupils we used OMT test (Kuhl,
1999).

W adapted new results of Hungarian mathematics didactics (Ambrus, 2004,
Czeglédy 1992, Szendrei 2005).
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Learning theory background

In the case of underprivileged children it is a common method to reduce the
curriculum content and the requirements. In contrast to this we wanted to offer
the children an elaborated, high standard curriculum that meets the optimal re-
quirements of the syllabus. We ensure the children’s understanding by providing a
substantial amount of help. Our primary task is to clarify the context of the exercise
without solving the problem on the behalf of the students. In our research we apply
Bruner’s theory of learning (Bruner, 1965 and 1991); or to be more precise we build
upon the idea itself and other achievements resulting from the development of the
same learning theory (Tall, 2005). The principle of our work is that it is required to
bring the whole process of learning into the classroom; not only its third, symbolic
level, but the children’s everyday experiences and the complicated middle class
language use, as well. It is the active pedagogical intervention that bridges the gap
between experience and language. The familiar everyday activities are performed
in the classroom in a way that enables us to easily gain mathematically relevant
experiences and reach conclusions.

Population

Our survey is done in multigrade (mixed age pupils in the same classroom)
schools. Here the research is up-to-date from a sociological perspective, since the
need for the economy of education and the preservation of the population of the
villages would turn the hard situation of the small rural schools into the opposite
direction. From a pedagogical viewpoint the fact that most of the children are
underprivileged makes the situation clearer because there is no stigmatizing effect
which would place certain students in the role of the *bad’ student which actually
happens in the normal majority schools. Therefore emotional conflicts and self-
esteem disorders occur less frequently; there is more opportunity to observe and
shape cognitive processes.

Sample

First part: In the frame of international research project, NEMED we worked
together with 16 schools.

Second part: the work continued with 4 schools.

Learning and development program in mathematics

Our project contains an integrated art program and different afterschool activ-
ities.

Our aims in mathematics education:

o Justifying the existence of communication barriers
e Elaborating and testing the development program
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Principles

e On the course of learning children face problems in a way that they are
expected to use their problem-solving skills (Pdlya) and they are led to the
recognition of higher level mathematic correlations (Varga Tamas).

e Aspects from the history of mathematics is taken into consideration.

e A wide range of mathematic topics are chosen. The topics are connected to
the curriculum but they are set up to allow an insight into deeper mathematic
correlations. Due to the lower level of basic skills the arithmetic, logical
and number theory tasks are moved to a later stage; the children are directed
to the understanding of mathematical correlations by space geometry and
function-related data management problems.

e Image driven learning: during the class the children watch a slideshow; the
methodological instruction focuses on the images, reflects to the activity,
and points forward to the symbolic level.

e Computer use: communication device and information source.
e Group work.
e Profound effects on communication.

Results

e We had to distinguish preparedness for school from preparedness for learn-
ing. Preparedness for school expects a fairly rich vocabulary, basic counting
skills knowledge of the function of reading-writing (experiences on the ba-
sis of which the children know that to write and to read is good and useful),
monotony-endurance — as a basic condition of working together; and which
is characteristic of most of the Hungarian students. Moreover in the case
of middle class circumstances handicap in this field usually cooccurs with
mental injury to a certain degree.

e Preparedness for learning embraces curiosity, the ability to pay attention,
the sufficient state of mental development in order to learn how to write, the
ability to express own experiences (Bruner).

According to the OMT test our students also possess the inner conditions for
learning (in general we knew this, but it can be seen in this case as well), but in
comparison a large percent of them show poor results (e.g. on the basis of their
style of writing)

e often, the students do not understand the words the teacher says but they
still not ask questions

e as the Norwegian research also points out the phrasing of the problem and
its expression would require much better communication skills than we can
expect in this age; in this case lower communication skills are proven

e the word and concept inventory of the children is much smaller than it is
presumed in the curriculum; but if there is sufficient support available they
are curious and have much pleasure in learning new words
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o the children were willing to do the activity-based problem solving tasks in
the playful, fairy tale-like context; the main aids for this were the powerpoint
slides

o their teachers saw through the mathematic content of the teaching process
and applied their experiences in other fields in a reflective way

e every observed student was very uncertain in the meaning of the concepts on
the borderline of mathematics and the everyday life (e.g. edge, face, pick).
In our case study, eventually, as a result of the problem solving embedded in
activities all of the students reached the correct calculation algorithm, while
the most gifted children could even solve difficult inverse problems on their
own, correctly.

e In the school we should stick to the obligatory content of the syllabus; and
during the teaching-learning process find occasions to discuss the occurring
problems in a more profound way, develop the need for these discussions
and find opportunities to take part in extracurricular activities outside the
school.

e the ICT, the group work and the narrative were proven to work

e a community of teachers through direct and virtual relationships was estab-
lished and worked well.

Conclusions

e The children welcomed the program. Their motivation became more con-
crete. Asit was observed previously their personality has a rich motivational
system and a desire to achieve good results. Now this has expanded to class-
room learning, and it was a joyful experience for most of them and they
can’t wait for the program to continue.

e The educators took part readily in the development process, they engaged in
the program in a creative way; they can apply various aspects of their experi-
ence in other fields of their work. According to the teachers some methods
— such as ICT, group work — previously supposed to be as extraordinary
events of teaching are indeed applicable in the given difficult circumstances
and they successfully employ them.

e The long-lasting effects require that the well-chosen parts of the curriculum
should be processed by outsider experts and the educators should be given
the opportunity to consult continually with them to discuss the problems
that occur during their work.



42 K. Munkacsy
References
[1] AMBRUS ANDRAS (2004): Bevezetés a matematika-didaktikdba (Egyetemi jegyzet,

ELTE TTK) ELTE Eotvos Kiadé, Bp.

BALOGH LASZLO (2004): Iskolai tehetséggondozés. Debreceni Egyetemi Nyomda,
Debrecen.

BALOGH LASzZLO (2007). Elméleti alapok tehetséggondozd programokhoz. Tehetség,
2007.1.

BRUNER, J., KENNEY, H. (1965),: Representation and Mathematics Learning, Mono-
graphs of the Society for Research in Child Development, Vol. 30, No. 1, Mathematical
Learning: Report of a Conference Sponsored by the Committee on Intellective Pro-
cesses Research of the Social Science Research Council p. 50-59.

BRUNER, J. (1991): The Narrative Construction of Reality. Critical Inquiry, 18(1), p.
1-21

CZEGLEDY ISTVAN (1992): Képességek, képzettségek adottsdgok szerinti csoport-
bontds problémadi és lehetdségei a matematikatanitdsban, Matematikai-Informatikai
Kozlemények, Nyiregyhaza.

KUHL, J. (1999).: A Functional-Design Approach to Motivation and Self-Regulation:
The Dynamics of Personality Systems Interactions in: M. Boekaerts, P. R. Pintrich
& M. Zeidner (Eds.), Self-regulation: Directions and challenges for future research.
Academic Press.

SZENDREI JULIANNA (2005): Gondolod, hogy egyre megy? Dialdégusok a matem-
atikatanitdsrol. Budapest. TYPOTEX Kiado.

TALL, D. (2005): Theory of Mathematical Growth, through Embodiment, Symbolism
and Proof, International Colloquium on Mathematical Learning from EarlyChild-
hood to Adulthood, organised by the Centre de Recherche sur I’Enseignement des
Mathématiques, Nivelles, Belgium, 5-7 July 2005.
http://www.warwick.ac.uk/staff/David.Tall/pdfs/dot2005e-crem-
child-adult.pdf

TUVENG, E. — WOLD, A. H.: The Collaboration of Teacher and Language-minority
Children in Masking Comprehension Problems in the Language of Instruction: A
Case Study in an Urban Norwegian School. Language and Education, 2005. 6. p.
513-536.

Contact address:

Dr. Katalin Munkécsy

E6tvos university (ELTE)

Budapest, Pdzmany s. 1/c, Hungary
e-mail: katalin.munkacsy@gmail.com



The 2" International Scientific Collogquium
MATHEMATICS AND CHILDREN

Through games into the world of
probability

Mara Coti¢ and Darjo Felda

University of Primorska, Faculty of Education Koper, Slovenia

Abstract. Probability is a mathematical content which school
children of Slovenia started to learn rather late in comparison to other
countries (in secondary schools), which was in addition only on a
formal level in most secondary schools. The new curriculum of mathe-
matics for the nine year primary schools introduces this mathematical
content already in the primary schools.

Today mankind lives in a rapidly changing world and has to face
new and uncertain situations more and more often. We have to make
sure that children, the future adults, get ready for this world in the way
that they shall be able to interpret it critically and act within it. We
therefore need an alphabet of probability which demands a special way
of thinking alien to deterministic way of thinking which is prevailing
in our schools. Also those adults who have gone through that kind
of schooling quite often hit at the difficulties in understanding the
basic concepts of probability, since the two-valiant logic (right/wrong,
true/not true) most often fails. With our research we have come to
a conclusion that school children already at the lower primary school
class level accept and understand very well the most principal concepts
of probability through play at the intuitive and experience level.

Learning of probability in primary schools is not explicit and
formal, but it is rather systematic gathering of experiences, on the basis
of which we can later on much easier teach probability (at secondary
schools). We therefore do not speak of formal definition of probability
within the curriculum of mathematics for primary schools, but rather
prepare pupils for later mathematical analyses of chance events through
didactic games and logically graded other activities. Pupils describe
what they consider possible or impossible; they establish differences
between certain, chance and impossible event; they compare probabili-
ties of chance events among themselves; in simple games of chance they
establish logic hypotheses and try to back them up with experiences. . .
Pupils are supposed to acquire experiences through chance events and
develop capabilities of anticipating them through play. From the aspect
of accepting uncertainty pupils are expected to move from the level of
anticipation of an event to the level of comparing the probability, before
they comprehend the statistical and classical definition of probability
later on (in secondary schools).

Keywords: nine year primary school, didactic games, activities,
learning of probability, certain, impossible and chance event
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Introduction

We do not teach probability in primary schools in an explicit formal way, but
gradually by learning of probability through the acquisition of experiences which
are useful for children later in secondary schools when they learn about formal
contents of probability. From the teaching aspect the area of probability is very
demanding. Despite non-disputable lessons secondary school children and students
have twisted ideas of probability. In the primary school mathematics curriculum
we do not speak of formal definitions of probability during lessons, we do not either
mention its classical or statistical definition. We do not even calculate probability
but we rather prepare school children by using intuition and ludism to help them
know later on in their further education how to mathematically analyse chance
events. As in case of combinations we also here in these contents do not surpass
the level of experience. Pupils are expected to acquire experiences with chance
events by gradually increased activities and this way obtain concepts, principles
and capacities of anticipation in such chance events which is in the today’s world
full of uncertainty and unpredictability a very important objective. People have
to know how “to face” them, how to anticipate them and to know how to make
decisions among various alternatives and eventually know how to solve problems
which cannot be solved by two-valiant logic and as Fischbein says: “to develop
thinking which is different from deterministic thinking” (Fischbein, 1984, p. 35).

Learning objectives for probability in the first triad

At the beginning of their schooling (in the first triad) pupils are expected to
gain through games and various other activities the following objectives:

e to describe, what is for them possible or impossible ;

o to differentiate between certain, chance and impossible event;

e to use by way of practical activities (throw of dice, lot, toss of coin) the
following terms in a logic and consistent way: possible, impossible, don’t
know, maybe, it is possible, it is not possible, accidentally, less probable,
more probable;

e to compare the probabilities of different events among them;

e to set logic hypotheses in games of chance and to try to support them with
experiences;

e to put down the results of chance events (at the throw of the dice, and toss
of the coin) into a table with a histogram (Coti¢, 1998).

Levels which lead to classical definition of probability

It is not enough to explain only why “probability” needs place in the new cur-
ricula of mathematics, but we also have to show in what way it has to be introduced.
The scheme below shows what levels school children should go through in order
to understand the classical and statistical definition of probability in secondary
schools.
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EXPERIMENT
CERTAIN CHANCE IMPOSSIBLE
EVENT EVENT EVENT

‘ ACCEPT UNCERTAINTY ‘

#

‘ ABLE TO ANTICIPATE ‘

¢

‘ COMPARE PROBABILITY ‘

¢

‘ STATISTIC COMPREHENSION OF ‘

USE OF CLASSICAL DEFINITION OF PROBABILITY

PERFORM ELEMENTARY ESTIMATIONS OF
PROBABILITY

DEMONSTRATE SIMPLE COMBINATORIC SITUATIONS
BY DIAGRAMS

COMBINATORIC
SITUATION

Figure 1. Levels of probability.

Accept uncertainty

As a first step into the world of probability children should be led towards
the acceptance of uncertainty without being disturbed: thus towards the concept
of chance event. According to the Piaget’s development theory 6 to 7 years old
children do not only lack a clear idea about the probability of a certain event but
they also do not differentiate between chance and non-chance events, although they
have experienced them by themselves. Children attribute purposefulness also to
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objects and phenomena not only to humans, for instance: “The sun is in the sky
to warm me up; the sea has waves to move ships. .. ” Nothing happens by chance,
everything is intended, planned and determined. The acceptance of a chance event
is not only a cognitive process, but for children also an affectionate problem, as they
accept every uncertainty with anxiety. Children should gradually become aware
that an event is not only certain or impossible but also accidental. The easiest way
to achieve graduality is through various games where an important part is “luck”
(Ludo, Tombola. .. ) and the capability of choosing among different possibilities
the one that gives the biggest probability to win (Spinning Top, Playing Cards. . . ).

Ability to anticipate

LIS

The concepts like “certainly”, “accidentally” and “impossible” should be built
up for school children first of all by way of different activities in which they are
involved themselves. Many experts of mathematical didactics have been describing
this as a subjective probability which is the origin of understanding the empirical
and mathematical probability later on. In their every day lives children correctly
use the words like: for sure, not possible, possible, by chance: “In the afternoon
I may go to the cinema. The capital of Slovenia is most certainly Ljubljana. It is
impossible to be on the planet Jupiter in an hour.”

Figure 2. Possible, impossible.

Those concepts are so simple that the adults can be sure that children understand
them as well, however, they forget that children most often equalise impossible with
wrong, and maybe with certainly or right (Fischbain, 1975).

It is not enough to offer pupils only situations which happened independently
from them (e.g., observing the weather, counting certain types of cars... ), but



Through games into the world of probability 47

above all the situations which schoolchildren can master themselves and which
offer opportunities to be repeated under the same conditions (Throw of Dice, Lot,
Toss of Coin. .. ) in order to be able to make conclusions after several repetitions
(Fischbain, 1985):

o If I throw the dice, I will most certainly “hit” a number lower than seven.

e [t is impossible for me to throw ten.

e [ may possibly throw one.

Take a pencil from the pot.
Will you take a red pencil?

Underline the correct answer.

PERHAPS ‘ IMPOSSIBLE lCERTAINLY PERHAPSI IMPOSSIBLE l CERTAINLY

Figure 3. Perhaps, impossible, certainly.

To accept uncertainty means also to accept the fact that the anticipated event
does not happen. It is therefore necessary for children to perform such activities
which give them a chance to foretell the probability of events in uncertain situations.
They afterwards check their forecasts and find out that it is not necessary that their
forecast comes true. As we have already mentioned before children should accept
a result without being excited regardless, whether what he anticipated, happened
or not. Here are two examples:

Example 1:  You have in your plastic bag 15 black and 6 yellow balls. What colour
may be the ball pulled out of the bag? What colour ball have you
pulled out?

Example 2: In the bag there is 1 yellow, 1 red and 1 blue dice. Forecast what
colour may be the dice when you pull out for the first time; what
colour dice is impossible when you pull out for the second time? And
what colour will the dice most certainly be when you pull out for the
third time? When doing that do not put the dice back into the bag. In
what order have you pulled out the dices?

According to Piaget and Inhelder (1951) children, who are in their operational
and concrete period, are neither capable of separating events between certain and
accidental nor formulating predictions respecting experiences of previous analo-
gous situations. Their criteria are usually based on the criteria of repetition (if
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the last pulled out dice is red, also the next one will be red) and on the criteria
of compensation (the colour of the pulled out dice should be of the colour which
has not yet been pulled out). That type of children’s behaviour is determined by
affectionate motivation, by their trust in the correctness of their choice, by their
need of correctness as well as their need for order and by attributing purposefulness
to the elements (in our case the dices), (Piaget, Inhelder, 1951). It is therefore very
important that school children repeat their attempts several times under the same
conditions because this is the only way they become aware that it is possible to
formulate forecasts which are not subjective (Coti¢, Hodnik, 1995).

Compare probabilities

At the beginning the pupils’ concept of probability develops as the capability of
mastering chance events. Of course this development is based on experience since
children differentiate between certain, chance and impossible event exactly on the
basis of experience. Only after that they will become aware that among chance
events some are more probable and others less probable, or equally probable. This
way pupils are introduced into the qualitative assessment of the probability of a
chance event.

In the case of plastic bag which contains 20 red, 5 white and one black small
balls, there are events which are less probable, however probable (pulling out black
ball) and very probable and yet not certain (pulling out red ball). It is therefore
urgent to propose to children games which offer a chance to compare chance events
having different probabilities to take place. Those are, as we already know, games
with dices, cards, coins... Pupils, of course, build their criteria of forming their
hypotheses slowly and gradually by repeating their attempts for several times un-
der the same conditions. We have to point out that the emphasis in those activities
(attempts) is on team work (consultations, distribution of work, coordination in the
group, communication in the group).

This way they are slowly introduced into the statistical comprehension of

probability.
There are some candies in
the bag. What colour will the
drawn candy be?
ﬁg Most probably the drawn
\ candy will be ;

Least probably the drawn

candy will be
Figure 4. Pupils compare probabilities.
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Statistical comprehension of probability

Teachers should for example bring to the classroom a vessel with sweets (or
tokens, balls or. .. ) of different colours. Pupils are expected to count the sweets
of particular colour before they put them into the vessel. On the basis of their
knowledge on how many sweets of a certain colour are there in the vessel, children
should put hypotheses on the probability of different events. Teachers afterwards
check together with pupils the answers in an empirical way. Not looking, each
pupil should pull a sweet out of the vessel and write down the result into a table.
Pupils then return sweets into the vessel. Pupils should repeat the experiment
several times under the same conditions (for example 100 times). With teachers’
help pupils shall find out that after more and more attempts the relative frequency
of certain event is approaching a certain number. We measure the probability of
the event by that number. Of course, pupils shall formulate their findings in their
own words.

Conclusion

In the area of probability we therefore derive from the subjective probability
in the first triad. It is important to talk to children about the subjective experi-
encing of probability and harmonise the descriptive ways of expressing it. During
the lessons of mathematics of the first triad pupils have to reach their cognition
through reflective experiences, which means that for certain accidental phenomena
certain regulations are true. Hence we transfer to the empirical comprehension of
probability. In later years of schooling pupils should slowly and gradually meet
with slightly more demanding assessments of probability, where first of all a com-
binatoric problem should be systematically solved in order to forecast the result
on the basis of the analysis of combinatoric display and carry out the elementary
assessment of probability already leading towards the classical definition of prob-
ability. Pupils this way slowly and progressively learn about simple rules for the
world of probability which in the beginning seemed to them entirely unpredictable
or even uncertain. While teaching probability, we have to bear in mind that the
concept of probability has in mathematics always occupied a special position, since
it is difficult to determine it by rigour which is required almost by all other mathe-
matical disciplines. Even the great mathematician Laplace wrote about probability
the following: “It is, indeed, unbelievable that the discipline whose roots originate
from the teaching of hazard and games of chance has become one of the most
important mathematical disciplines.”
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Abstract. In Hungary during the first four years of geometry
teaching the basis is laid down and the aim in the initial stage of
primary school is to develop the abilities of learners for being able
to gain knowledge on their own. The basis of learning geometry lies
in inductive cognition gained from experience. Starting out from the
concrete, gathering experience from various activities can lead to the
formulation of general relationships.

The evolvement of some geometrical concepts, such as squares,
rectangles, parallelism, perpendicularity, symmetry have been exam-
ined in an educational development experiment conducted with fourth
class pupils, the aim was to put the van Hiele model of geometry
teaching into practice. In the lesson plans what we aimed at was that
children could be able to discover the geometrical concepts first on the
basis of concrete experience in real games and activities then visually
(drawing) and finally at an abstract level.

The presentation aims at presenting exercises connected to pro-
ducing plane figures and to selecting plane figures. We are going
to outline their working up, as well as some individual solutions and
thoughts. We also intend to draw the attention to several typical
problems and errors that occured in the process of thinking during the
educational development experiment.

Keywords: mathematics teaching, producing plane figures, select-
ing plane figures

In Hungary during the first four years of geometry teaching the basis is laid
down and the aim in the initial stage of primary school is to develop the abilities
of learners for being able to gain knowledge on their own. The basis of learning
geometry lies in inductive cognition gained from experience. Starting out from the
concrete, gathering experience from various activities can lead to the formulation of
general relationships. The third educational principle laid down by Farkas Bolyai
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also emphasizes the importance of starting with the concrete: “(The teacher). ..
should always start with what learners can see and touch, and not with general
definitions (it is not grammar that the first utterance is based on) and he should not
torture prematurely with longwinded reasoning. . . . We should start with geometric
shapes and reading. .. and we also should get out of the sheet. ..”

Among others producing plane figures has been examined in an educational
development experiment conducted with fourth class pupils, the aim was to put the
van Hiele model of geometry teaching into practice.

According to P. H. van Hiele, the process of acquiring knowledge in geometry
can be divided into five stages.

(Level 1) Atthe level of global recognition of shapes children perceive geomet-
rical shapes as integral whole. Children easily recognize various shapes according
to their forms, they also learn the names of shapes however, and they do not see
the connection between the shapes and their parts. They do not recognize the
rectangular prism in a cube, the rectangle in the square, because these seem to be
totally different for them.

(Level 2) At the level of analyzing shapes, children break down the shapes
into parts, and then they put them together. They also recognize the planes, edges
and the vertexes of geometrical forms, and the plane figures of geometric shapes
which are delineated by curves, sections, and dots. At this level a great importance
is attached to observation, measuring, folding, sticking, modeling, laying parquet,
using mirrors etc. By means of these activities children can recognize and list the
properties of the shapes (parallel planes or sides, perpendicular, the properties of
symmetry, right angles, etc), but they do not come up with definition and they do
not see the logical relationship between the properties. Even if children perceive
what squares and rectangles have in common, it cannot be expected that they could
draw the conclusion that squares are actually rectangles. At this level children are
not able to notice the relationships between shapes.

(Level 3) At the level of local logical arrangement learners can see the rela-
tionships between the properties of a given shape or between various shapes. They
can also come to a conclusion from one property of shapes to another. They also
realize the importance of definition. The course of logical conclusions is however
determined by the textbook and the teacher actually. The demand for verification
is being started, although it applies only for shapes. At this level the squares are
considered as rectangles.

Level 4 (aiming at a complete logical setup) and level 5 (axiomatic setup) are
to be reached in secondary and tertiary education.

In the lesson plans what we aimed at was that children could be able to discover
the geometrical concepts first on the basis of concrete experience in real games and
activities then visually (drawing) and finally at an abstract level.
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Activities with concrete objects

L.

A

8.

0.

Cutting the rectangle into two along the diagonal. Producing other plane fig-
ures by fitting the triangles gained in this way, and naming them. Gathering
experience on plane figures and describing them.

Producing plane figures cut out from paper without restriction, and describing
their characteristics.

Producing planes figures from the 2, 3, 4 and 6 regular triangles from the set
of logics, which consists of 48 various plane figures, which can be red, yellow,
blue or green. Their sizes are, small or large, their shape can be circle, square
or triangle, their surface can be smooth or there is a hole in them.

Producing various plane figures from paper strips by one cut. Naming them
and describing their characteristics and shared characteristics.

Cutting general thombus from rectangle, its characteristics.

Cutting general deltoid from rectangle, and its characteristics.

Making rectangles and then the “frame” of a general parallelogram from six
match sticks. Comparing the characteristics of rectangles and parallelograms
and highlighting their differences.

Making squares then general rhombus from four match sticks. Comparing the
characteristics of squares and rhombuses.

Making 2 rectangles, a pentagon and a triangle, a triangle and a quadrangle, 2
quadrangles and 2 triangles from a rectangle by one cut.

10. Selecting plane figures according to given characteristics.

Tasks at visual level

RAREaR i

a

Drawing squares on square grid.

Drawing various quadrangles on square grid.

Drawing various triangles on square grid.

Drawing quadrangles of given characteristics.

Drawing plane figures which have no symmetry axis, and which have exactly
1, 2, 3 and 4 symmetry axes.

Drawing plane figures according to given requirements.

In a task related to polygons Kornél raised the following question:

‘Are polygons which have two angles? *

The teacher asked.

‘Can you draw anything like that?’

‘Yes, I can’, said Kornél and he drew a semi-circle.

Looking at the drawing the teacher asked:

‘Are polygons delineated by curves?’

Kornél thought about it for a while and responded:

‘Not really, only by straight lines. Then this is not a polygon.’
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Abstract level

Twenty questions is one of the favourite games among children, which is
also suitable for racticing the characteristics of solids and plane figures. During a
game what the children had to guess was the symmetrical trapezoid. These are the
questions and answers of a game:

— Is it a quadrangle?

— Yes, it is.

— Are the opposite sides parallel?

— No, they aren’t.

At this point the teacher realized that child need some help.

— We can as the question in another way: Are all the opposite pairs of
sides parallel? And I said no, they aren’t.

— Does it have parallel sides?

— Yes, it does.

— Does it have a right angle?

— No, it doesn’t

— Are its sides of the same form?

— We can also put the question like this, said the teacher. Are all the sides
equal? No, they aren’t.

— Does it have sides of equal length?

— Yes, it does. Anyone, who already knows it, can draw it. Those who
don’t, keep on asking.

— Is it symmetrical?

— Yes, it is.

— Does it have one reflection axis?

— Yes, it does.

Then we drew the plane figure on the board.

In lower primary (grades 1-4) geometry teaching learners can reach the first
two stages of geometric thinking according to the van Hiele levels. It is not feasible
to reach level 3 by the completion of lower primary. Although sets of concepts
are established, but there is no relationship whatsoever between them. Actually
children do not recognize the logical relationships between the characteristics of a
shape and they are not able to draw conclusions from one characteristics of a shape
to another.
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Abstract. During the past few years I invegestigated for several
times the concept of zero among the teacher trainees of Baja, and
typical errors occurred. This academic year I have made investigations
among the pupils of a first, second, third, fourth, fifth and sixth form
class in the Training School of Eotvos Jozsef College. 1 have been
interested in the way the concept of zero developed within the teaching
process, and I intend to compare these results with the data gained
earlier.

A written survey has been done among the pupils of a first, second,
third, fourth, fifth and sixth form class in The Training School of E6tvos
Jozsef College. The test sheets dealt with basic operations in which
one of the terms or factors was zero, pupils were aked to write the sign
of the operation between two numbers that were the same in such a
way as the result should be zero, with true/false statements connected
to zero, and students were asked to write an essay about zero. The aim
of this presentation is to report about the results of the above mentioned
survey.

Keywords: mathematics teaching, zero
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Abstract. This work presents the results of mathematical-
didactical analysis of PISA questions in the field of mathematical
literacy. The analysis is based on 26 publicly available PISA questions
that represent a profile of PISA mathematical questions. The results of
the analysis are furthermore compared to the results of PISA testing in
Croatia in 2006.

The intention of the research is to determine mathematical require-
ments in PISA assessment, as well as to establish the extent in which
these requirements match the requirements of traditional mathematical
education in Croatia. In the light of these findings, an additional goal
is to explain the results of the conducted PISA testing in the field of
mathematical literacy.

The analysis shows that PISA requirements are in many ways
different from the requirements in Croatian mathematical education,
with respect to the content, competences, complexity and in the forms
of questions. Content-wise, PISA questions emphasize fields of math-
ematics such as statistics and probability, but Croatian pupils who took
part in PISA testing in 2006 have not encountered those subjects in any
part of their curriculum. Competence-wise, PISA emphasizes inter-
pretation and argumentation, while Croatian mathematical education is
dominated by operationalization and automatization. We argue that the
differences between requirements in PISA assessment and the Croatian
mathematical praxis have lead to poor results of Croatian pupils on
PISA testing in the field of mathematical literacy. In the conclusion,
we suggest the guidelines on what components of PISA tests could lead
to improvement in the field of mathematical education in Croatia.

Keywords: analysis, PISA questions, PISA testing, mathematical
literacy, mathematical education, mathematical requirements

Introduction

In the past few years we could hear mentioning PISA assessment in the public
and educational circles, mostly in the context of national ranking on the interna-
tional scale. PISA is a Programme for International Student Assessment developed
by the OECD participating countries (Organization for Economic Co-operation
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and Development). The first PISA assessment took place in 2000, after that it
takes place every third year and examines reading literacy, mathematical literacy
and scientific literacy among 15-year-old students (OECD, 2003). Each cycle has
a “major” domain, to which two-thirds of the testing time is devoted. The major
domain in 2000 was reading literacy, in 2003 it was mathematical literacy, and in
2006 it was scientific literacy. In 2009, the major domain will be reading literacy
again and so on. Croatia participated for the first time in the PISA assessment in
2006 and was ranked as 36th on the scale of all 57 participating countries in the
field of mathematical literacy (Bra$ Roth et al, 2008). With respect to the OECD
average (500 points), this result is considered significantly below the OECD aver-
age. The reader can find more information about PISA in Croatia in the book by
Bras Roth et al (2008).

Mathematical literacy is described as “individual’s capacity to identify and un-
derstand the role that mathematics plays in the world, to make well-founded judg-
ments and to use and engage with mathematics in ways that meet the needs of that
individual’s life as a constructive, concerned and reflective citizen” (OECD, 2003).
In order to properly measure mathematical literacy, in the domain of mathemat-
ical literacy three components are distinguished: mathematical contents required
for solving problems successfully, mathematical competencies, and mathematical
context in which the problems are located. The reader can get more information
about PISA mathematical literacy components in OECD (2003), Bra$ Roth et al
(2008) and Glasnovi¢ Gracin (2007a, 2007b).

The reason for the worldwide media interest in PISA assessment and PISA
results lies mostly in international ranking and competition among nations. On the
other hand, experts on mathematics education (De Lange, 2005, Peschek, 2006)
emphasize the importance of deeper research of PISA requirements as well as re-
search of national curricular tasks with the purpose of improvement of mathematical
education.

Methodical analysis of PISA problems

This work deals with methodical analysis of PISA mathematical tasks and it
avoids questions related to competition among nations at PISA assessment. The
goal of this research was to analyze mathematical requirements in the publicly
available PISA items, and to compare them with the requirements of elementary
school mathematical education in Croatia. The analysis examined 26 publicly
available PISA test items (OECD, 2007), which altogether consist of 42 mathe-
matical problems. They include all released PISA examples from 2000, 2003 and
2006 and give examples of unreleased PISA mathematical problems.

The systematization basis is taken from “Bildungsstandards”, i.e. the Aus-
trian educational standards for mathematics (Institut fiir Didaktik der Mathematik,
2007). Every test item is classified according to required mathematical content,
mathematical activities and its complexity. Also, the analysis included questions
about whether a particular task is common for mathematical education in Croatia,
and whether it is common in everyday life, i.e. in natural, social and cultural setting
in which the individual lives.

The content field of this analysis is divided into numbers and measures, vari-
ables and functional dependences, geometric shapes and solids, and to statistic
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representations and parameters. The mathematical activities field is divided into
representations and modeling, calculation and operation, interpretation and of ar-
gumentation and reasoning. The complexity field is divided into applying basic
knowledge and skills, finding connections, and applying reflection knowledge.

Mathematical requirements in PISA assessment

The results show that the analyzed PISA problems greatly differ from the
problems common in mathematics education in Croatia. We find that 22 out of
42 test items are uncommon in Croatian mathematics textbooks. It means that
more than half of the analyzed PISA problems are quite different from the school
mathematics problems. Furthermore, additional 26% of problems are estimated
as partly common for mathematics education (i.e. only according to some com-
ponents). It means that only one-fifth of given PISA test items are common in
Croatian mathematics education.

Deeper analysis showed that some of the PISA problems, which are indicated
as not typical for mathematics classes, are more common for physics classes, ge-
ography classes, technical classes, puzzle-mathematics and so on. This finding
indicates that PISA mathematical literacy exceeds the boundaries of pure math-
ematics education and that it involves other subjects and fields as well. On the
other hand, a high percentage of 95% of analyzed PISA test items are estimated as
common in everyday life. This observation is in accordance with the description
of mathematical literacy as “the ability of students to analyze, reason and com-
municate ideas effectively as they pose, formulate, solve and interpret solutions to
mathematical problems in a variety of situations” (OECD, 2003). This description
evidently puts emphasis on using mathematics in many different situations in life.
Here we find the discrepancy between the main goal of PISA mathematical literacy
and the main goal of “classical” mathematics education. The goal of mathematics
education is not only to apply mathematics in everyday life, but also acquiring
the abstract mathematical knowledge and competencies, while PISA mathematical
literacy assesses only the appliance of mathematics in different life situations. For
example, in PISA assessment in 2003, when the main domain was mathematical
literacy, there were only 3 problems out of 84 from the field of algebra (Schneider
and Peschek, 2006).

As already said, in this paper the PISA mathematical test items are analyzed
according to the content, competencies and complexity. With respect to the content,
it is interesting to remark that 21% of published mathematical PISA tasks repre-
sented the field of statistics and probability. Moreover, PISA assessment in 2006
gave as much as 17 out of 48 problems that represented the field of uncertainty,
which fully covers statistics and probability (Bra$ Roth et al, 2008, p. 161). This
means that in more than one-third of given test items in PISA assessment in 2006,
a student needed to apply the knowledge of statistics and probability. PISA puts
strong emphasis on this field. “This type of statistical thinking should be used by
every individual” (Bra$ Roth et al, 2008, p. 133). But statistics and probability
were introduced to Croatian curriculum for the first time in fall 2006 (MZOS, 2006)
and to a very limited extent. This means that Croatian students who took part in
PISA assessment in the spring of 2006 had not studied those subjects in any part
of their schooling.
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The second big mathematical field, to which PISA gives a lot of attention, is
the field of functions. Croatian students learn in mathematics classes about this
field to a very limited extent and using a fully different approach than it is required
in PISA problems. According to Croatian mathematical program, linear functions
are taught in the 7th grade, in a very strict environment of analytical geometry.
In the 8th grade, the quadratic function and possibly the square root function are
presented. This way of approaching and teaching functions in Croatian elementary
schools should be reconsidered because the initial tests in the secondary math-
ematics education show the worse results exactly in the field of understanding
functions (Daki¢, 2000, Rac Marini¢ Kragic¢ 2007). On the other hand, PISA offers
a completely different approach to functions. The analyzed PISA tasks show that
the function graphs come from the real situations, and this means that they do not
represent only linear relations. Related to this, PISA puts emphasis on the skills of
interpreting graphical representations. Regarding to the school praxis, those PISA
problems are more common to physics than to mathematics classes. The concept of
function is mentioned in our schools only in examples of analytical geometry and in
no other context, but PISA test items offer a different context and concept”, wrote
in their report the Croatian PISA 2006 working group for mathematics (Bras Roth
et al, 2008, p. 161).

We notice a big difference between PISA requirements and the requirements
of Croatian school mathematics in the field of expected students’ mathematical
activities as well. In more than one-third of analyzed tasks students needed the
interpreting abilities, i.e. interpreting given mathematics relationships in particular
context. We can compare this skill with the interpretation of numerous non-linear
functional representations, with pictures of statistical data etc. One half of the
analyzed questions required the competencies of elementary computing and oper-
ating, while the other half required modeling, argumentation, representation and
interpretation. This percentage of required mathematical activities differs a lot
from the Croatian mathematical school praxis, which is mostly dominated by op-
erating and automatization, and where one can barely find any argumentation and
interpretation. These differences can help in understanding why Croatian students
had problems in PISA assessment in 2006.

The required mathematical content and mathematical activities influenced the
complexity of particular problems. 27% of PISA problems in 2006 required re-
flection skills, which consist of posing complex problems, reasoning, original
mathematical approach, generalizations etc. Such approach is very rare in regular
mathematics classes and is neglected because of the domination of operational-
ization and solving procedural problems. Thus, it is not surprising that Croatian
students have showed remarkably poor results in the field of reflection problems,
some of them even significantly below the world’s average. Also, the open-answer
problems made approximately one-fourth of all analyzed problems. This per-
centage matches the percentage of open-answer problems in regular PISA testing
in 2003 (Schneider, Peschek, 2006). Our students found open-answer problems
very difficult because those types of problems require very good understanding of
mathematical content as well as very developed competencies like interpretation,
argumentation, proving and reflection.

It is also important to mention that PISA mathematical test items are often
textually very rich, so they require students’ skills of fully understanding the text,
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distinguishing important and non-important parts in text, reading concentration and
verbal competencies.

Conclusion

The results of this analysis and the report of the Croatian working group for
mathematics of PISA 2006 reveal major differences between PISA problems and
the mathematical school exercises. Those differences surely affect our students’
results on the international PISA scale. The analysis of the published PISA tasks
shows that OECD emphasizes the rich textual mathematical questions which are
situated in everyday situations, and which often require interpretations of graphi-
cal representations, mostly of functional dependences or statistical representations.
Also, it is required to have skills of modeling problems, interpretation of different
mathematical contents, argumentation, and explaining the open-answer problems.
The given characteristics of PISA problems don’t dominate in the primary math-
ematics education in Croatia. In the report by the Croatian PISA 2006 working
group for mathematics it is suggested that we should take from the PISA assessment
those elements which can bring an improvement to Croatian mathematics education
(Bras Roth et al, 2008).

According to the content, PISA program suggests a new approach to func-
tions that could be embedded in our mathematics classes, but also in the physics
education, and any other subject where students use the interpretation of graphical
representations. Also, the probability and statistics field should be more extensively
embedded in the whole mathematics education, so that students would have more
time for data representation and interpretation, starting already in lower school
grades.

According to required mathematical activities and problem complexity, PISA
puts emphasis on problems that require skills of modeling situations or interpret-
ing problems that are often connected with reflexive thinking. Such mathematical
test items are often combined with open-answer problems because they require
argumentation, reasoning etc. This finding can be compared with the estimate
of Croatian working group for mathematics of PISA 2006: “PISA results from
the domain of mathematical literacy point that we should put more emphasis on
interpretations, reflective competencies, argumentations and verbal expressions of
mathematical contents in our school praxis” (Bras Roth et al, 2008, p. 163).

This analysis and described differences between PISA test items and the Croa-
tian mathematical school praxis can hopefully help in concrete discussions and
conclusions about the improvement of quality in mathematical education in Croa-
tia.
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Abstract. Learning outcomes are considered to be a key tool for
student-centered teaching and learning. In implementation of learning
outcomes both the top-down approach and the bottom-up approach
need to be combined. Whereas the former takes into account the overall
study program and the level of study, the latter departs from the level of
a particular unit and course. In devising the instruction of mathematics
for non-mathematics majors it is essential to recognize the role that
mathematical tools and models play in such a study program. In doing
so, students’ pre-knowledge of mathematics should by no means be
disregarded.

In our paper we aim to present a case study of implementation of
learning outcomes in several mathematical subjects within the Informa-
tion and Business Systems study program at the Faculty of Organization
and Informatics of the University of Zagreb. In the first phase, after
the learning outcomes have been recognized, they are harmonized
with students’ pre-competences, teaching methods, student workload
(ECTS), continuous monitoring of students’ achievements and their
assessment, while taking into account different learning and motivation
styles. During the second phase the learning styles evaluation model is
elaborated and the relation and interactions between different elements
of the learning and teaching process are verified.

The entire process is heavily supported by ICT and executed
through blended e-learning and the use of social software such as wiki,
e-portfolio, etc. Such a delivery mode does not only enhance student
motivation for learning mathematics and the availability of teaching
and learning materials but also improves communication between the
student and the teacher, as well as that among the students themselves.
In addition, it enables the teacher to store a lot of students’ artifacts,
which opens many possibilities for the evaluation of learning outcomes.

Keywords: learning outcomes, mathematics, ICT, e-learning, tax-
onomy, e-portfolio
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Learning outcomes and other elements of the curriculum

Institutional level

The prerequisite for the systematic and the consistent introduction of learning out-
comes into the study programme is the project at the institution and the support of
the management and the faculty board of the institution. In this matter, the project
can be internal or it can have an external sponsor (grant). For example, at the
Faculty of Organization and Informatics University of Zagreb the foundations for
the implementation of learning outcomes have been set within the structure of the
project entitled Learning outcomes in interdisciplinary study programmes INTER-
OUTCOMES which were executed at the Faculty of Organization and Informatics
(FOI) of the University of Zagreb in the period from February 2008 to February
2009, and which were financed by The National Foundation for Science, Higher
Education and Technological Development of the Republic of Croatia. Partner
institutions on the project were the Faculty of Science — Mathematical department
of the University of Zagreb and the Faculty of Electrical Engineering and Com-
puting of the University of Zagreb. The leader of the project was BlaZzenka Divjak
from the Faculty of Organization and Informatics in VaraZdin. The objective of the
project was to develop the methodology of learning outcomes and their dissemina-
tion within the framework of the system for quality insurance in higher education
and their implementation with the emphasis on interdisciplinary area of informat-
ics. The three mentioned partner institutions were associated and had the aim to
define, develop and compare the learning outcomes for the study programme of
informatics, which necessarily includes computing science and mathematics. In
this project, teachers were educated in the learning outcomes and this was the
prerequisite for the agreement about methodology and for the implementation of
learning outcomes. First we will continue with the basic theoretical precepts for
the introduction of learning outcomes.

Learning is a complex process which enables the perception and understand-
ing of the world and as such, it encompasses a high spectrum of the activities
that include the mastering of reading and understanding of what has been read, as
well as the understanding of abstract principles and mathematical evidence and the
development of appropriate behaviour for specific situations (Fry and el, 2003).

Modern literature gives us different theories about how one learns. Today a
constructivist theory of learning prevails, which postulates that it is the experience
which leads us to formulate general concepts (constructs) that serve as the mod-
els of our reality. According to constructivism people participate actively in the
development of their knowledge. The most significant representatives of construc-
tivism of the twentieth century are Swiss psychologist Jean Piaget and American
psychologist Jerome Bruner. In professional literature there is a fair number of the
critics of constructivism and parallely some other theories are developing such as
rationalism, behaviorism, cognitive science, etc. (Fry and el, 2003).
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Implementation of learning outcomes

In professional public the topic of recognizing the key principles of teaching in
higher education is widely discussed. Being inspired by (Ramsden, 2003) we give
some more important principles in Table 1.

Principles Instruments ‘

Clear goals and intellectual challenge | Learning outcomes and goals

Interest and understanding Good teaching and appropriate literature

Concern and respect for students and

student learning Appropriate student’s workload (ECTS)

Appropriate assessment and feedback |Implementation of taxonomy

Development of generic skills Learning outcomes

Learning from students Quality assurance and enhancement of teaching

Table 1. Teaching principles in higher education.

In theory, as well as in practice, we distinguish between three basic approaches
to teaching. The first one, often called traditional, is the one in which the teacher is
at the centre of the teaching process. Moreover, the teacher can also appear as the
one who organizes the activities directed to learning. The third approach puts the
student at the centre of the teaching and learning process. In Table 2. we give basic
characteristics of these three approaches. The table has been taken from (Ramsten,
2003, p. 115).

Teaching as making

Teaching as telling | Teaching as organising learning possible

Relation between
student and
subject matter

Teaching techniques that

Focus Teacher and content will result in learning

Engage; challenge;

‘o . |Manage teaching process; |;
Strategy | Transmit information| .o <s “Or epts ;}l}éasgtl&]ge%?ese]f as

Systematically adapted

: : : “Active learning”; :
Actions |Chiefly presentation LY. ng to suit student
yp organising activity understanding

Teaching as a
research-like,
scholarly process

Unreflective; Apply skills to

Reflection | a1en for granted improve teaching

Table 2. Theories of university teaching.

Teaching planning should in fact deal with the organization of the teaching
process. Thus, we should bear in mind the students’ pre-knowledge, the goals of the
study programme and the role of a single subject in the programme. Furthermore,
we should be aware of different learning, organizational-technical possibilities
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which we have at our disposal and also of available teacher resources. In the end,
it should be clear how this affects student workload, i.e. students’ activities should
be expressed in ECTS points. This helps us to formulate learning outcomes for
the study programme or the subject. The constructing of objectives and learning
outcomes calls for conscious decisions about a great number of challenges and
problems in the teaching and learning process on the part of the teacher and the
institution.

Let us emphasize that learning outcomes are statements about what is expected
of the student to know, to understand, to do and to evaluate as a result of the learning
process. They are connected with measurable level descriptors in national and Eu-
ropean qualifications framework. In the literature there are many discussions about
differences between objectives, outcomes and competences. Learning objectives
determine what the teacher wants the student to learn and to understand, so those
who support the studentacentered learning prefer using learning outcomes in the
organization of the teaching process. Lately, in the professional literature there
is more discussion about learning outcomes than teaching objectives, although
the objectives can be formulated in a way that they reflect the modern approach
to teaching. Moreover, by achieving learning outcomes through the process of
studying, the student acquires competences necessary for finding employment and
self-employment.

Consequently, after determining the levels of the study programme and agree-
ing about professional competences, learning outcomes of the study programme are
developed. Learning outcomes at the subject level take into consideration learning
outcomes of the programme obtained in such a way, and their expression is based
on a chosen taxonomy. With this, one should be aware of the specific quality of the
observed subject and initial students’ competences. Afterwards, learning outcomes
at the level of teaching units are detailed and appropriate methods of teaching and
assessment are chosen. Further, we should bear in mind that all the activities in
the subject can be recognized and measured in the student workload expressed in
ECTS points. Finally, in order to reach the system improvement, evaluations of
all parts of the curriculum should be done regularly, as well as those relating of
learning outcomes at all levels, and information obtained in this way should be
integrated in the system (Picture 3).

Learning outcomes [Learning Content and teaching[Evaluation of all
of the study outcomes of the [units parts of the
[programme subject - urriculum and
Teaching methods  |ge qback
|]|:| information
Evaluation methods “tef‘?’rat“’n Into new
versions
Taxonomies ECTS

ol

Figure I. Learning outcomes context.
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Learning outcomes evaluation

Having developed learning outcomes at a certain levels, the regular periodical eval-
uation of their achievement and relevance has to be done. This procedure should
be a part of internal assurance the quality of teaching. On the other side, it shall be
evaluated by external professionals in the framework of external evaluation process.

The validation of learning outcomes should comprise that kind of the evalu-
ation process and it should also consist of regular students’ feedback information
about whether specific outcomes are achieved and whether all the outcomes are
covered. Furthermore, study verification based on learning outcomes is needed.
In this context, the connections between learning outcomes, teaching methods and
knowledge testing should be checked, and one should also assess how set outcomes
influence the student workload. Finally, there is also a question of teaching litera-
ture and e-learning material which will enable students to learn in order to gain set
learning outcomes.

As a result of such evaluations, learning outcomes should be revised at the
end of each year or semester at all necessary levels. The easiest is to introduce
changes at micro levels (teaching units and partially subjects). Unfortunately, in-
novations in the curriculum demand certain verification on the part of the faculty
and university councils, the senate, and often of the National Council for Higher
Education. Periodical repetition of this step leads towards the improvement of
students’ knowledge and employability. We shall continue with presenting a few
examples of learning outcomes implementation and evaluation by using e-learning.
First, we explain how to test efficiently students’ knowledge and pre-knowledge
by using taxonomy. Furthermore, we give some examples of the social software
use, specifically e-portfolio, then how to test students’ understanding and how to
evaluate learning outcomes of the subject. In the end, we shall show the use of
survey and the work diary on the subject in order to get feedback information about
fulfilling learning outcomes and student workload.

Case study of implementation and evaluation of learning outcomes

Blended learning of mathematics and implementation of learning outcomes

At the FOI, for some years, we have been considering e-learning as an unavoidable
and a very important element of the teaching process at our institution and which
essentially contributes to the quality of the teaching process and especially to the
accessibility of the teaching materials. The result of such approach is the acquired
E-learning strategy of the Faculty of Organization and Informatics (the E-learning
Strategy of the FOI), which relies on the E-learning Strategy of the University of
Zagreb (the E-learning Strategy of the UniZg). The fundamental guidelines of the
strategy are:

e E-learning is a legal and a desirable way of learning and teaching at the
University of Zagreb, and also at our faculty
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e The level of e-learning introduction into the teaching process at our faculty
is guided by pedagogical needs, and not exclusively by the imperative of
modern technology application

o Different aspects of e-learning represent the area of scientific research at the
faculty, since they are directly connected with information science.

By introducing and actively using e-learning, FOI intends to improve the qual-
ity of the teaching process and learning outcomes, render students (future citizens
of the society of knowledge) capable for a lifelong learning, enable a widening par-
ticipation to higher education and ensure visibility of the faculty on the international
educational market.

In the framework of the strategy the blended learning has been chosen as the
most appropriate one for the needs of teaching at our faculty, and conforming to
this, three levels of blended learning have been determined.

Students have also recognized the possibilities and advantages of blended
learning in relation to classical learning. In the survey, which was done in the
academic year 2007/2008 and in which 240 students of the first year participated,
we asked: “Do you prefer when teaching is done: a) mostly with the support of a
computer b) in a classical way with oral teacher’s lecture ¢) with a combination of
the first two ways.” 69% of the questioned students prefer blended learning, 24%
classical way, and 7% computer-supported teaching.

Taxonomies in mathematics

In order to construct more successfully the learning outcomes according to “depth
of knowledge”, we observed several taxonomies created for mathematics. All ob-
served taxonomies define the “depth” of the mathematical content, that is, they
do not dwell only on the content defining. Bloom’s taxonomy (Bloom, 1956) is
the most frequently used taxonomy in creating the learning outcomes. It consists
of 6 categories (knowledge, comprehension/understanding, application, analysis,
synthesis and evaluation). The categories are also arranged according to weight.
According to Bloom, the highest level of taxonomy includes a very complicated
level of cognitive thinking. However, Bloom’s taxonomy is not suitable for creating
learning outcomes in mathematics because it is too complicated for everyday use,
especially if the teacher wants to use it to test the students’ knowledge. Moreover,
we studied the following taxonomies: the MATH taxonomy (Smith and others,
1996), the TIMSS (Chrostowski and O’Connor, 2001) and the MATH-KIT (Cox,
2003) and we finally decided for the MATH-KIT. We have to mention that good
results in implementation in mathematics (Chick, 1998) were given by the SOLO
taxonomy (Structure of the Observed Learning Outcomes) which was developed
by Biggs and Collis in 1982, where the evaluation of the students’ progress was
shown in five levels, so it correlates with the grade scale that we use in Croatia
(from 1 to 5). However, for our needs of preparing the data base of questions and
problems, five levels are too much for effective work.

Cox’s taxonomy ensures the creation of the teaching process following the
learning outcomes, it is simple for the classification of the depth knowledge, suit-
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able for assessment purpuses, and especially assessing homework (tests) via web.
Taxonomy defines classification in three categories:

e K (Knowledge) — basic knowledge. It implies concept defining and under-
standing, knowing examples, use of concepts and facts, use of theorems and
formulas in tasks which demand a simpler application, a practical use of
calculation techniques.

e | (Interpretation) — interpretation: comprehension, understanding, analysis
and synthesis. It implies the fact that the student can reproduce the learned
theorem, understand it and know some consequences and limitations, deduce
heuristic evidence, adjust set problem so that the theorem can be applied.

e T (Transfer) — translating knowledge into a new context, application, cre-
ation, synthesis. It implies the fact that the student can apply and observe
the theorem in the new and unfamiliar context, correlate the set material
with other aspects of mathematics, develop new and improve the existing
models, formulate hypothesis.

Task base according to taxonomy

The first example of the learning outcomes implementation by using of e-learning
is given in subjects Mathematics 1 and Mathematics 2 in the first year of under-
graduate study Information and business systems. More about the methodology
of teaching in these subjects is described in (Divjak & Erjavec, 2006). Besides
classical ways of knowledge assessment through preliminary exams, we also use
on-line knowledge self-testing in the e-learning system Moodle.

All forms of testing and knowledge assessment in Moodle and in classical tests
are prepared according to Cox’s taxonomy. For example, self-testing in Moodle is a
test in electronic way that a student does individually and the moment he hands the
test he gets the information about his success. Having finished the test each student
not only gets an insight into the correct answers but also feedback information
about the solution, especially if the self-test consists of the tasks of the highest level
in terms of taxonomy (type T).

In the subjects Mathematics 1 and Mathematics 2 we have created a number of
self-tests and homework tasks in Moodle that have been done according to Cox’s
taxonomy. For each homework or self-test we have created the data base of ques-
tions that has three groups (K, I and T). For example, in homework associated with
determinants in each of the three groups there are 30 tasks, totally 90 tasks for each
homework. To each student Moodle generates his set of questions/tasks by taking
out predetermined number of questions/tasks from each group. In this way we
have achieved that each student gets a test of a defined knowledge width and depth
in advance. For Mathematics 1 we have a base of totally 300 questions and tasks,
and for Mathematics 2 a total of 532 questions and tasks. The reason for greater
number of tasks in Mathematics 2 is that its material deals with calculus (func-
tions, limits, derivations, integrals) so it is easier to do more calculation tasks than
in Mathematics 1, which mainly includes linear algebra (matrices, determinants,
linear equations systems). However, Cox’s taxonomy is not the only key according
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to which categories of questions within the task base for these two subjects have
been developed. Single self-tests have been created so that they are mainly graphic
or geometrical. The objective of this kind of testing is to strengthen the sense for
geometrical cognition of a problem, to encourage interest for mathematics and to
popularize topics which are not popular among our students (relations and sets
in Mathematics 1, or derivations and integrals in Mathematics 2), but which are
important for their professional competences.

It should be emphasized that on-line tests do not have a big influence on form-
ing a pass grade (D), since students do them mainly in uncontrolled conditions but
they have a motivational role in the teaching process.

Students’ pre-knowledge

It is important to evaluate initial students’ competences (pre-knowledge) in every
subject and to compare them with output competences, in order to evaluate the stu-
dents’ progress in a specific subject. It is clear that this evaluation is not an easy or
unambiguous procedure. Initial competences are described through a prerequisite
in the form of whole subjects, but also as a set of necessary pre-knowledge that
should be acquired through the previous formal, non-formal and informal learning.
In the first year of the undergraduate study initial competences for some subjects
are tested by an entrance exam, but it is also necessary to conduct a test of pre-
knowledge for individual study groups in order to prepare the teaching process more
effectively, but also to give students usable feedback information about possible
deficiency in their competences. For this purpose, in the subjects Mathematics 1
and 2 we do the pre-knowledge testing and we use taxonomy for classifying tasks
and students’ success.

The test at the beginning of the second semester consists of 12 questions di-
vided in three groups (according to K, P and T taxonomy) in a way that each
of the four units (quadratic equation, Pythagoras’ theorem, logarithmic function,
trigonometric functions) expands through these three levels. The objective of this
testing is to determine the pre-knowledge which is necessary in order to follow the
lectures in Mathematics 2, not only in width but also in depth.

Since we have been following students’ pre-knowledge for the last three years,
it has been determined that all three generations lack in knowledge and that some
tasks are rarely or never solved. These are mainly graphical or geometrical tasks
which relate the function to the practical problem, or the graph of a function with
properties of the function. In order to lessen these lacks in the pre-knowledge,
tutorial classes have been organized where older students help those attending spe-
cific subject classes, then frequent teacher consultations (6 hours per an assistant
and 4 per a professor) and extra material for revision in the e-learning system. To
stimulate students to do graphic tasks and to achieve better results we have created
a great number of self-testing tasks in Mathematics 1 and 2, with graphical tasks
and problems, for example the self-test 3 in Mathematics 2 (Table 3).

Table 3 shows the tasks solubility for groups (K, I, T) in Moodle for two
self-tests and for the test which is done at the beginning of the second semester in
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the last three academic years. In the academic year 2008/09, 240 students did the
test at the beginning of the semester, and the analysis of solubility was based on
two seminar groups, i.e. on totally 62 students. The test analysis in 2006/2007
was also based on two seminar groups (i.e. on 80 students out of total of 324 who
did the test that year).

In the academic year 2008/2009, 234 students did the self-test 3 in Mathe-
matics 1, and 146 students in the year 2006/2007 (Table 3). We should note that
one of the reasons for such a low response in self-testing in 2006/2007 was the
fact that, in that year, e-learning was introduced for the first time in the subjects
Mathematics 1 and 2 and all self-tests and tasks show a low students’ response
than in later years. This self-test includes linear algebra material (determinants
and systems of linear equations) and these are the types of questions: true-false,
multiple answer questions, linking, short answer (the student needs to write the
correct answer). All questions are put in groups K, I and T (each group has 17
questions). The distribution of tasks solubility in these self-tests confirms the good
distribution of tasks according to depth (K, I, T) and the justification of introducing
taxonomy in subjects. One of the reasons why similar distribution of solubility
does not occur in the test done at the beginning of the semester lies in the fact
that it examines pre-knowledge from secondary school, and self-testing examines
acquired knowledge during the semester and this is also an indicator that students
who come to our faculty do not have some basic knowledge which we consider that
they should have upon finishing secondary school.

The self-test 3 in Mathematics 2 (Table 3) is a test that has graphical and
geometrical tasks from the area of function derivations and derivation application.
In the year 2006/2207, 244 students solved the test and this academic year the test
will be done only in the second part of the semester. The results from the year
2006,/2007 show that students solve geometrical tasks better than those algebraic
(self-test 3 in Mathematics 1), which we did not expect, if we consider the results
from the beginning of the semester in which graphical and geometrical tasks were
poorly done.

| [2006/07|2008/09|

64.8% |82.73%
52.7% | 67.03%
40.6% |43.82%
79.95% | 48.79%
23.1% |16.33%
28.3% | 18.68%
73.9%
64.3%
44.3%

Mathematics 1, Self-test 3 in Moodle

Mathematics 2, Test at the beginning

of the 2nd semester

Mathematics 2, Self-test 3 in Moodle

= R = R = = A

Table 3. Results of self-testing in Moodle and the test from the beginning of the semester.
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Learning outcomes evaluation by using e-portfolio

We introduced e-portfolio in the subject Selected chapters of mathematics (4th
semester of the undergraduate study) in order to monitor students and evaluate
the learning outcomes. The portfolio represents systematic, multidimensional and
organized collection of evidence about students’ knowledge, skills and attitudes.
With e-portfolio this collection is available in electronic way or on-line. “In a
nutshell, portfolio assessment is considered an effective means of measuring the
change sin students’ cognition and learning process, involvement and interaction,
and assessing higher-order cognition abilities and attributes.” (Frankland (ed),
2007). We use the open source e-portfolio system Mahara.

For each chapter (out of 6) the students have to make one artefact (homework,
test, presentation exercise, model, to describe a possible application, systematized
lecture notes) and reflection on learned material, acquired skills and their entire
progress.

Therefore, the e-portfolio role in the subject Chosen mathematical chapters is
dual.

e Reflection on the subject, the students’ activities in the subject and their ex-
ecution. The subject is described by its role in the programme, application,
learning outcomes and etc. Moreover, there is a discussion about difficulties
and success, explanation of the subject concepts and their correlation with
other subjects as well as opinion on mathematical modelling and its role in
the ICT profession. On one side, the activity related to e-portfolio represents
a contribution to the use of technology in teaching, and on the other side,
it serves to raise students’ awareness of their own work and progress on
the subject. This progress is monitored by the means of emphasizing the
personal choice of the best artefacts on the subject and reflecting about the
material and progress that is written in a free form.

e Evaluation of learning outcomes of the subject. This activity will mainly be
done by the teachers on the basis of students’ e-portfolio. The results of such
evaluation will give valuable information for the analysis of learning out-
comes achievement, but also about the subject role in the study programme.
Since there are more than 300 students on the subject, and more than 200 of
them have chosen e-portfolio activity as a part of constant monitoring, we
believe that the sample will be statistically significant.

Learning outcomes evaluation by using the survey and the diary

The last example we give is related to the subject Project cycles in research
and development which is taken in the postgraduate doctoral study program of
Information sciences. The subject has been delivered for three years consecutively
and the total of 45 students took it. We have to mention that these were very serious
and mature students, and therefore the methodology of work and monitoring of
students’ progress had to be done very cautiously and in an elaborated way. You
can find more about the learning outcomes and teaching methodology of the subject
in (Divjak & Kukec, 2007).
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With the purpose of learning outcomes evaluation two methods were used.
The first one is the survey method in which we ask students, among other things, to
what extent set learning outcomes have been achieved. The answers showed that
90% of students assessed that the learning outcomes were completely achieved and
the remaining 10% answered that the learning outcomes were achieved rather well.
Since these are very responsible students, their quantitative and qualitative answers
can be considered relevant.

The second method of evaluation of learning outcomes, which is at the same
time estimation of student workload during subject execution and exam preparation,
is through a learning diary that is written by students in the e-learning system. The
qualitative analysis of these artefacts shows to what extent a single student, with
given initial competences, has managed to achieve required learning outcomes and
how much effort he/she needed to fulfil specified learning goals. Average diary
has a length between one and two A4 pages and contains very useful information
for improvement of quality of teaching and learning as well as data on students’
pre-knowledge and motivation for the study.

Conclusion

Information and communication technologies (ICT) and the need for the life-
long learning represent an unavoidable reality of the present age. Our task is to
use the technology with the purpose of improving the teaching process quality
and insuring the accomplishment of the learning outcomes, bearing exclusively
in mind the pedagogical needs and not the imperative of the application of mod-
ern technologies. In this article we have presented some new examples of the
e-learning use with the purpose of better implementation and evaluation of the
learning outcomes. First, we described the use of the data base for testing created
in the taxonomy in order to serve the needs of self-testing, and afterwards, the
use of taxonomy to determine the students’ initial competences. The example of
the e-portfolio use follows, and on one hand, it serves for students’ reflection on
their own progress in the subject, and on the other hand, it enables the teacher to
evaluate the learning outcomes achievement. In the end, we showed the example
of learning outcomes evaluation and student workload by keeping the learning
work in the subject. We conclude that it is very important to adjust methods of
evaluation of learning outcomes to the study level, to the specific subject as well as
to the students’ characteristics and combine them with the evaluation of the other
elements of the teaching and learning process.
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Abstract. Unsatisfactory results in mathematics at all levels of
education suggest a need to review all the factors that can influence
such results. Elementary school teachers are the first experts who are
entrusted with the development of children’s basic systems of mathe-
matic concepts, processes and terminology as well as with creating the
very attitude towards mathematics.

Competencies we expect the teachers to have can be defined as
an in-depth conceptual knowledge and understanding of contents of
mathematics, understanding of pedagogic concepts and psychological
characteristics of children along with a positive attitude towards math-
ematics. Some of the above mentioned competencies can be and are
developed and improved at teaching colleges, but many are expected
to be inherent in the personality and the attitudes of the teachers to be.
This idea prompted a study of mathematic competencies of students
interested in the teaching career. To that purpose an analysis of the
results of a very simple mathematics entrance exam was carried out.
The exam was taken by 123 students in the year 2008. The results
of the analysis show a thorough lack of knowledge and undersatnding
of the basic concepts of mathematics, many of which are encountered
already at the very early stages of teaching mathematics.

Keywords: mathematics, elementary school teachers, mathematic
competencies, teachers colleqes
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Abstract. Development of spatial ability is one of the key goals
of mathematics education in primary and secondary school. Being
an important aspect of geometric thinking, it can be defined as an
intuition about shapes and the relationships among shapes, that is, as
the ability to generate, retain, retrieve, and transform well-structured
visual (mental) images. Individuals with spatial ability have a feel
for the geometric aspects of their surroundings and the shapes formed
by objects in the environment. The most widely recognized model
for the development of geometric thinking is described by the Van
Hiele theory (P. Van Hiele and D. Van Hiele-Geldorf, 1959). The
theory identifies five hierarchical levels of individuals’ understanding
of spatial ideas, visualization, analysis, informal deduction, deduction
and rigor, respectively. A pilot study was carried out to identify the
Van Hiele levels among students of mathematics teacher education
programmes at the Department of Mathematics, University of Zagreb.
The analysis of the study will be presented and discussed in relation
to the expected learning outcomes in geometry taught in primary
and secondary school as well as in preservice mathematics teacher
education. Gender analysis of the results will also be presented.

Keywords: geometric thinking, spatial ability, Van Hiele theory,
pilot study, students — prospective mathematics teachers
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Abstract. Educational research worldwide has identified several
fundamental mathematical concepts and skills that pose particular
difficulties to students and that are significant both in mathematics and
physics. Some of these are graph interpretation, vectors, proportionality
and interpretation of mathematical symbols and expressions.

In this talk we will discuss the expected learning outcomes related
to the mentioned concepts and skills in the context of mathematics
and physics education. Furthermore, we will present the analysis of
a pilot study of student understanding of graphs in mathematics and
physics that has been carried out on a sample of students in Croatian
gymnasiums.

Keywords: mathematics education, physics education, graph in-
terpretation
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Abstract. As it is well-known, in the usual chess game we have
N = 32 figures. (The following game can be carried out not only with
chess figures, but with stones and other tools, moreover with paper
and pen, etc.). Two players, the beginner B and the second player S,
consecutively take off the figures, each at least a = 1 piece, at most
A = 4 pieces.

The winner is the one who takes off the last figure.

We can ask several questions: E.g. is it true that B always wins?
If yes, what is his strategy? How to modify the game rules, e.g. A or
N, so that S has the winning strategy?

Similar questions probably make clear some important concepts
in game theory, and also in elementary number theory, hopefully in an
amusing form.

Keywords: game with numbers, subtraction with a given rule,
division with remainder (rest), primes

Reformulation of the game

Just at the beginning we reformulate our game for a paper-pen version for
two children, or even more for a blackboard-chalk version between the lecturer
and a member of the audience, as here at a conference. Or, between the teacher
and a pupil of the class in a primary school, as this happened to me when I was a
teacher-candidate (more than 40 years ago).

We start with the number (N =)32, written in the blackboard. The beginner
pupil B has to write the next number, smaller than 32 at least by 1(= «) but at most
by 4(= A). Then comes the teacher as second S with the last number by the same
rules, and so on. The winner is the one who writes 0 (zero) at the end.
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Let us say that the pupil writes first the number 29, and the teacher S follows
with the number 28 , which is, again, less than 29 by a number between 1 and 4.
And so on, B: 24,

S:20,B: 16, S:15,B: 12, S: 10, B: ?

1. Soon comes the endgame, and the pupil notices that he will lose. That is,
he can write any number out of 9, 8, 7, 6, S will write 5, and next time S can write
0 for any choice of B: from among 4, 3, 2, 1. Now comes the critical questions to
the game documentation in the blackboard. Where did B lose, or S won the game?

2.That means that the game analysis is carried out in the opposite direction
from the end to the beginning. It turns out that S won the game when he wrote down
20, since then he could write down 15, 10, 5, 0 in a consequent way. Of course, B
could have won if he had written 25 and earlier 30, just at the beginning.

3. Then the beginner pupil B can formulate his winning strategy. He starts
with writing down 30, then 25, 20, 15, 10, 5, 0, and he can proceed like this,
because of the game rules

a=1,A=4,A+a=>5and 32 = 6 x 5+ 2 by division with remainder. The
rest is 2, as a result of successive subtractions of 5 = A + a from N = 32.

4. Of course, the second player S has a winning strategy, if N = 30 was the
starting number. Or with N = 32, if the maximal subtrahend A was 7 (or 3, 15,
31),since 32 =4 x 8

(8 x4,2x 16,1 x 32).

5. We can summarize the essence of the game by the numbers N,A,aEg
(natural numbers) N > A > a > 0 from the rules, and assume that

N=kx(A+a)+r(rnk Eg,0<r<A+a)
by division with remainder (i.e. with successive subtraction).

i) Bwins, ifa < r < A. In this case, he can write down first N—r = kx (A+a),
andsoon...,A + aand 0, as a winning strategy.

ii) S wins (i.e. B loses), if r = 0.

iii) If 0 < r < aor A < r < A+ a, then neither B nor S has a winning
strategy, but both can reach draw (remis, in French) for the best play of the partner.
Namely, B decreases with a, if 0 < r < a (and A + a < N); and decreases with A
if A < r < A+ a. Similarly does S when it is his turn. If somebody fails, the other
may win, although there are more draw positions, if 1 < a is large enough.

Some remarks regarding elementary number theory

Of course, the game rules can be changed, by the teacher S or by the pupil B,
as we indicated above.
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If the beginner B fixes the values of N > A > a > 0, then he wins. If first B
says N, S fixes A and a, then S wins.

To exclude draw, we fix a = 1. To exclude trivial play, we assume N >> A,
i.e. N is much bigger than A. Then prime numbers play a special role. If B fixes a
prime for N, e.g. 31, then S can not say a convenient A for winning the game, since
A = 30 obviously is not a fair rule.

And so on, this game is clear now.

Other games, chess

We can conclude some general consequences which can be applied to games
between two players, e.g. to chess; but also to some single-player games, e.g.
playing with a Rubik-cube which is not our topic now.

In chess, the well-known game rules are more than a thousand years old.
They need some abstractions with the chess-board and with the moving rules of the
chess-figures, just as in our starting game with the numbers N, A, a and an operation
(subtraction) with them. These rules are the same for the beginner B (with white
figures in chess) and for the second player S (with black figures).

1. The endgame is the most important part of the game, in chess as well.

2. We have to understand the essence of the game from the end in the opposite
direction. In chess, the chess-mate procedures are fundamental (e.g. with King
and Queen against the other King, etc.). In general, the known winning positions
in the endgame determine the former strategies.

3. A winning strategy from the beginning in chessz/, if it exists at all, has not been
known and not realistic. It is the same with draw strategies. These facts provide
the wonder, beauty, art, science, . . . of the chess game.

4. But endgames with 5 figures have already been solved by computers (it is my
last information). That means, for any chess position with 5 figures the com-
puter decides, whether the beginner wins, loses, or the party finishes with draw.
Of course, only if both players give their best, that means, two perfect computer
programs play against each other.

The axiomatic method as a game, concluding remarks

Some parts of modern mathematics which are axiomatized enough can be
considered as individual games. Mathematician(s) as player(s) represent human
society. The basic concepts like numbers, geometric objects (points, straight lines,
planes, space itself), etc., with their basic relations, operations, logical thinking
rules, etc., have been created as game rules, based on experiences, discoveries,
agreements of human society by its excellent persons, scientists, etc. These game
rules are collected in axioms for some restricted fields of mathematics, but also for
physics and other sciences, perhaps even for social sciences as well.
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A mathematical result with its proof can be considered as a product of a game
procedure on the base of game rules. The steps are similar as illustrated above. We
can start with an analysis of the endgame in the opposite direction to find a winning
strategy if it exists at all. We have already learned that such a strategy does not
exist in general. Activities of David Hilbert, Kurt Godel, the Hungarian John von
Neumann, as instances, are related with our topic. Human history, culture, science
and art show our conclusion: “Life is a game”.

We have reached far from our above mentioned game now. As far as I remem-
ber, I learned playing chess from my mother, then my father, and I play chess also
today. Father, Erné Molndr (1912-1994) taught me the game that we analysed in
the lecture, just with chess figures. Before that time he had just solved this game as
a problem appeared in the journal for teachers Teaching Mathematics of the Janos
Bolyai Mathematical Society and of the Hungarian Ministry of Education and Cul-
ture. This journal still exists now. Enthusiastic teachers can solve mathematical
problems for training their ability and for entertainment.

I thank my colleagues Gabor Molnar Saska and Zsolt Langi for their kind
suggestions.
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Abstract. In all the reforms in the teaching of mathematics so
far, there was a search for a more contemporary way of knowledge
acquisition, a better way of learning transmitting certain new ideas
from science to the subject. A more modern approach to the teaching
of mathematics, decreasing the burden on the students, can be achieved
in different ways. The article discusses one of the new ways of teaching
leading in this direction — amusing mathematics.

Keywords: mathematics, amusement, amusing mathematics, re-
lief

The first impression created by the students and teachers of mathematics by
the above title is: mathematics and amusement! The common idea of mathematics
is that it is a difficult subject, demanding a lot of time, effort and hard work. This
is true. No doubt, mathematics belongs to more difficult subject in the curriculum,
and the students feel a certain psychological pressure when acquiring new material.
Traditional forms still prevail in the teaching of mathematics, and its essential aim
is the mere acquisition of knowledge prescribed by the curriculum, and the acqui-
sition of knowledge based on a number of rules, formulas and the skill of solving
standard exercises. A successful mastering of the curriculum often means only the
acquisition of new information and can result in further burden on the students.
This is not good. Instead of burdening the students to memorize a great number of
facts, we should stimulate and motivate their thinking and try to make them acquire
a considerable part of new knowledge by their own efforts and abilities. A constant
modernization in the teaching of mathematics is necessary to achieve this.

All the reforms in the education of mathematics so far required the students
to acquire a better way of knowledge acquisition, a better way of learning and
transmission of the knowledge into the school subject. Modernization, especially
in the teaching of mathematics in primary school, can be primarily achieved by a
more frequent variation of familiar teaching methods and their improvement. But
this is not enough. It is necessary to introduce new forms of work, to change
the conventional ideas about mathematics and demonstrate that mathematics can
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be easy and amusing. Naturally, the introduction of new ways of work requires
serious preparation and additional effort on the part of the teacher of mathematics.
All this, however, should not compare to the satisfaction of the mathematics teacher
when seeing the interest of the students and their acquisition of new knowledge
without psychological pressure and coercion.

The students have already been faced with unusual mathematical exercises in
mathematical magazines and other periodicals, and from time to time teachers of
mathematics in some schools work in a different way, introducing new forms of
work, with interesting and amusing mathematical contents which relieve the burden
of the subject. In this way we realized that mathematics can really be easier and
amusing in itself. The students with the inclination to mathematics already find
it interesting and amusing in itself. Mathematics can become more interesting to
other students if the teaching of mathematics is imbued with different contents.

Here are some interesting modern possibilities:

Production of panels with interesting mathematical contents, production of ge-
ometrical solids, mathematical quizzes, mathematical games, mathematical cross-
words, mathematical projects, computer aided mathematical discoveries, mathe-
matics in the nature, school mathematical magazine, amusing mathematical exer-
cises, entertaining lessons, etc.

Each of these forms of work contains an element of amusement. Thus, the
production of panes is a creative act which reveals a satisfaction of creative work
to the students. Beside a definite educational effect, this activity has a certain
entertaining character: getting knowledge through fun. Mathematical crosswords
are an interesting form of work which enables students to relax, rest and prepare to
continue new hard work. Like all crosswords, mathematical crosswords are fun, but
they have an educational character, especially as a means of checking the acquired
knowledge. Computer aided mathematical discoveries can inspire enthusiasm in
students, which is the highest level of interest. An enthusiastic student is amused
rather than burdened by mathematics! Both the role and the education affect of
other new forms of work could be mentioned in a similar way.

All these entertainment element can be integrated into a unique whole known
as amusing mathematics. The objective of this paper is precisely this mathemati-
cal discipline. Amusing mathematics can best be recognised by amusing exercises.
The choice of amusing exercises is great. A series of exercises dealing with the
subject in an amusing way can be found for any topic, any teaching unit, for any
mathematical idea. An amusing exercise can nice introductory motivating example
before dealing with a certain idea or as a refreshment of a sometimes rigid teaching
situation.

What are amusing exercises in fact? Here is a list of main features distinguish-
ing these exercises:

1) Amusing exercises are mathematical miniatures requiring minimum knowledge
in arithmetic, algebra and geometry.

2) Formulation of exercises is simple and clear to everybody.
3) The texts are written in the form of shot, amusing stories from everyday life.
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4) Greater previous knowledge of mathematics does not always guarantee quick
solution.

5) The problems are not always easy, many of them require considerable mental
effort, logical reasoning and especially ingenuity in finding the way to solve
them,

6) Amusing illustrations often play an important role in the beauty of such exer-
cises.

7) Basic values: development of logical reasoning and ingenuity, stimulating an
interest in mathematics, making mathematics popular.

Areas of amusing mathematics: unusual properties of numbers, number and
letters in figures, games with numbers, geometrical solids, same digits, one draw of
a pencil, combinatory problems, figures, logical miniatures, magic squares, mathe-
matical games, figure covering, cryptograms, cutting up figures, composing figures,
matches, sticks, tests, etc.

A few words on immediate purpose of amusing exercises. Amusing mathe-
matics is intended for EVERYONE: students, teachers of mathematics, parents and
all other enthusiasts! For there is something interesting and amusing for everyone.

The problems in amusing mathematics are firstly designed for primary school
pupils with specialized teachers (age 11-15), as well as students in the lower forms
of secondary schools (age 15-17) because of different levels of complexity.

Amusing exercises are not always amusement. The can be a supplement to the
mathematics curriculum because it introduces elements in the learning and teaching
of mathematics, for which there is not enough time in regular teaching: an amusing
short story, humour, ingenuity, mental relief.

The mathematics teacher should pay special attention to the difficulty of exer-
cises because it is not irrelevant, for instance, whether we speak of prime numbers
in primary school or in secondary school. Even not in an amusing way. An
amusing exercise does not always mean an easy exercise. The solution of need
not always be complete. They should be sufficient for understanding, but they
should provide enough space for thinking. The objective of amusing mathematics
is not painstaking computation, but rather the idea and satisfaction of discovering
something interesting and unusual. Sometimes, even a look at the solution of an
unusual problem refresh and amuse.

Suitable moments for application:

Beginning of school year (teaching of mathematics is still not useriouso; amus-
ing exercises are a very suitable means to give an impetus and stimulate the interest
of the students for learning mathematics; exercises from the area pf MEASURE-
MENT, WEIGHING, POURING, are very suitable for the purpose).

Regular teaching (amusing exercises can be used as introductory motivating
examples, refreshment, games).

Homework (selection of examples for homework should be periodically en-
riched by some example of extraordinary contents and amusing character; such
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homework could also be an occasion for the whole family to come together and
participate).

Dealing with less advanced students (atiring and exhausting atmosphere; more
advanced students are neglected).

Amusing lessons.

End of school year (last days of the school year should be a natural end to
an educational period without coercion, tension, major testing; the end should be
amusing, but still educational; MATHEMATICAL CROSSWORDS are especially
suitable for the purpose.
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Abstract. Mathematics is considered to be one of the most impor-
tant subjects learned in school. Yet, many students face considerable
difficulties in studying mathematics (e.g., TIMSS, PISA). Such evi-
dence points to the need of developing effective instructional methods
that have the potential to promote mathematics knowledge and rea-
soning. The NCTM (National Council of Teachers of Mathematics)
emphasizes that meaningful mathematical teaching has to enhance
knowledge construction via problem solving, building connections,
developing mathematical communication, and using various kinds
of mathematical representations. In particular, the NCTM (2000)
enhances the importance of developing students’ metacognition as
a means for improving students’ mathematical problem solving and
reasoning. The present study is rooted in this approach, aiming to
elaborate the importance of metacognitive instructional method, as
well as selfregulation on students’ mathematical reasoning and on their
general and domain specific meta-cognitive knowledge.
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Abstract. Fifty years ago Stanko Bilinski (1909.-1998.) wrote
his article “Shall we study mathematics?”” The aim was to encourage
future math students. Here we discuss and analyse the article, cited in
its entirety.
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Math teachers’ perceptions of mathematics
education in elementary and secondary
schools in Croatia

— results of an empirical research

Branislava Baranovi¢ and Marina Stibrié¢

Institute for Social Research, Zagreb, Croatia

Abstract. The presentation presents the results of an empirical
research which investigates math teachers’ perceptions of mathematics
education in elementary and secondary schools in Croatia. The sam-
ple included 292 participants of The Third Congress of Mathematics
Teachers’ held in Zagreb in 2008. The applied questionnaire consisted
of mainly closed questions which measured teachers’ opinions on a
4-point Likert scale, and a few open-ended items.

Research results show that the traditional approach and traditional
teaching methods prevail in Croatian elementary and secondary schools.
For instance, when defining mathematical competence, the teachers
emphasize solving mathematical tasks, learning basic mathematical
facts and applying mathematical knowledge. In teaching mathematics,
they put the biggest emphasis on solving mathematical tasks and the
development of logical thinking, while the application of mathematics
in everyday life and critical thinking about mathematical concepts
and procedures they consider less important. Teachers’ responses
indicate that they mostly develop students’ skill of asking questions
and seeking information, concept understanding, and students’ interest
in mathematics, while not spending a lot of effort on developing
students’ skill in written communication of ideas and results, and
skills in learning mathematics. If we exclude the usual assigning and
examining homework, the most common teaching methods are dia-
logue (94.8%), demonstration of procedures for solving mathematical
problems (93.6%), and lecture when introducing a new mathematical
concept (86.2%). According to teachers’ estimates, during mathemat-
ics lessons students most often listen and copy from the board (87.8%),
solve mathematical tasks on their own (87.8%), and comment on a
previous or upcoming test (87.8%). Activities that require autonomous
students work, like writing of their own ideas about mathematical
concepts (4.1%), autonomous research and experiments (17.0%), and
autonomous learning from the textbooks, are the least often used
students’ activities. Teachers say that, on average, they spend 34.8%
of time on teaching mathematical concepts, and most of the time they
teach solving mathematical tasks.
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The results reveal that critical reflection on mathematical concepts,
autonomous thinking and concluding about mathematical concepts and
procedures aren’t developed enough in Croatian mathematics educa-
tion, and that inquiry based method and problem solving are rarely
used. However, these methods are essential for the development of
mathematical competence.

Keywords: mathematics education, math teachers, mathematical
competence, math teaching methods and procedures, students activities
in class
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Predgovor

U monografiji Ishodi uc¢enja autori predstavljaju rezultate svojih istraZivanja i
navode primjere iz nastavne prakse usmjerene podizanju kvalitete nastave matem-
atike.

Matematika je jedno od devet akademskih podruc¢ja koja su opisana u pro-
jektu Uskladivanje obrazovnih struktura u Europi (Tuning educational structures
in Europe). Nastava matematike (kako za udenika tako i za studenta) orga-
nizira se u skladu s nacionalnim kurikulom matemati¢koga podrucja. U na-
cionalnome kurikulu matematickoga podrucja definirani su ciljevi (engl. objec-
tives), ishodi uéenja (engl. learning outcomes) i kompetencije (engl. competences)
uCenika/studenta na kraju svakoga obrazovnoga ciklusa.

U znanstvenim i struénim krugovima posebno se naglasava briga o pripremi
uCenika/studenta za svakodnevni Zivot, zaposljivost i cjeloZivotnu izobrazbu.

Skole (sredista za izobrazbu ucenika) i fakulteti (sredista za izobrazbu stude-
nata) povezuju se s civilnim drustvom i gospodarstvenicima u partnerski odnos s
ciljem podizanja kvalitete nastave, o Cemu se govori u prvome poglavlju knjige.

U pristupima poucavanju tijekom povijesti nalazimo dva suprostavljena sta-
jalista, ovisno o tome je li ucitelj ili ucenik u srediStu pozornosti procesa ucenja
i poucavanja. Danas smo bliZi stavu da je ulitelj organizator aktivnosti koje su
usmjerene ucenju ucenika/ucitelja. Stoga se organizacija nastave matematike (i ne
samo nje) promislja u terminima ishoda ucenja. (U ovom tekstu rabit c¢emo termin
ucitelj za osobu koja poucava, a iz konteksta ¢e se razumjeti govori li se o ucitelju
u $koli ili sveucilisnome nastavniku).

Ishodi uéenja tvrdnje su koje opisuju §to ucenik /student treba — znati, razum-
Jjeti 1 mo¢i uciniti nakon §to je uspjeSno zavrSio pojedini obrazovni ciklus. Ishodi
uCenja povezani su s mjerljivim pokazateljima razina (engl. level descriptors) u na-
cionalnim i europskim okvirima. UCenje i poucavanje (matematike) uspjesnije je
ako ucitelj poznaje razliCite teorije, modele i stilove ucenja pa je u stanju promisljati
o “svojem stilu poucavanja” kako bi ga prilagodio razlicitim stilovima ucenja svojih
uCenika/studenata. Najpoznatiji model u€enja temeljen na iskustvu (pokusu) jest
Kolbov model uéenja (1984) koji istiCe Cetiri glavne aktivnosti uspjeSnoga uenja:
konkretno iskustvo, promatranje i promisljanje, stvaranje apstraktnih koncepata i
aktivno eksperimentiranje, §to je blisko najmladim ucenicima. O ishodima ucenja
i stilovima poucavanja ucenika izlaze se u radovima iz drugoga poglavlja.

Danas nailazimo na veliki broj modela o stilovima ucenja kao $to su Stern-
bergov (Sternberg, 2003), Gardnerov i Felder-Silvermanov model viSestrukih in-
teligencija te Honeyjev i Mumfordov model ucenja. Napretkom ICT-a i razvojem
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inteligentnih sustava u obrazovanju povecavaju se moguénosti pracenja razvojnih
razina u procesu ucenja. Jedna takva opéeprihvaéena teorija, Van Hieleova teorija
(P. Van Hiele i D. Van Hiele-Geldorf, 1959.), spominje se u radu iz treéega poglavlja
ove knjige. U treem poglavlju predoCeni su rezultati istraZivanja o ishodima ucenja
studenata.

U cetvrtome poglavlju govori se o utjecaju strategija u¢enja i poucavanja na
ishode ucenja.

U petome poglavlju raspravlja se o studiju i nastavi matematike s gledista
onih koji poucavaju. Prvim radom autor nas prigodno podsjeca na obiljeZavanje
stogodiSnjice rodenja akademika Stanka Bilinskog. U radu se komentira ¢lanak
S. Bilinskog, objavljen u Matematicko-fizickome listu prije pedeset godina sa
svrthom poticanja upisa na studij matematike. TadasSnji se stavovi usporeduju s
danasnjim stavovima prema matematici. U posljednjem ¢lanku navode se rezu-
latati istrazivanja o miSljenju ucitelja matematike u osnovnim i srednjim $kolama
u Hrvatskoj o ishodima uc€enja svojih ucenika.
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Organizacije civilnoga drustva kao
partner u matematickom obrazovanju

Sanja Rukavina

Filozofski fakultet, Sveuciliste u Rijeci, Hrvatska

SaZetak. Organizacije civilnoga drustva, posebice strukovne or-
ganizacije, odnosno razli¢ita udruzzenja matematicara, partner su na
¢iju su se prisutnost i djelovanje obrazovne institucije odavno navikle.
Aktualne promjene u drustvu i obrazovnom sustavu daju novu dimen-
ziju tom partnerstvu. Uz komentar novonastale situacije dat ¢emo
i primjer dobre prakse te se posebice osvrnuti na program “Razvoj
prirodoznanstvene i matematicke pismenosti aktivnim uc¢enjem”.

Kljucne rije¢i: matematicko obrazovanje, organizacija civilnoga
drustva

Uvod

Matematika je, kao nastavni predmet prisutan na svim razinama obrazovanja,
cesto predmetom diskusija u okviru kojih se postavljaju brojna pitanja; od pitanja
zaSto je u sustavu obveznoga obrazovanja toliko negativnih ocjena iz matematike,
preko pitanja kompetencija nastavnika matematike, pa sve do pitanja treba li nam
uopée toliko matematike. U konacnici se vrlo ¢esto kao srediSnji problem pokaZe pi-
tanje opéega stava prema matematici, pa se briga o razvoju pozitivnoga stava prema
matematici pokazuje klju¢nim zadatkom u matemati¢kom obrazovanju. Ukljuce li
se u rjeSavanje toga problema, uz one koji su za kvalitetu matemati¢koga obrazo-
vanja formalno nadlezni i one koji su izborom svojega zanimanja preuzeli na sebe
odgovornost za kvalitetno matematicko obrazovanje ucenika, i svi ostali koji pos-
jeduju odgovarajuca znanja i kompetencije, moguce je posti¢i odredene pomake.

Drustveni kontekst

Svjedoci smo da se na svim razina obrazovnoga sustava u Republici Hrvatskoj
dogadaju procesi koji za cilj imaju promijeniti postoje¢i nacin ucenja i poucavanja.
Deklarirani cilj svih tih promjena jest da onaj koji uci treba postati srediStem
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cjelokupnoga procesa, pa se od svih ostalih o¢ekuje da svoje razmisljanje i djelo-
vanje usklade s tim ciljem. ViSe no prije govori se o aktivnom ucenju, ishodima
ucenja, kompetencijama... S druge strane, poznato je da je obrazovni sustav po
svojoj prirodi trom sustav i nije realno ocekivati da se znacajne promjene unutar
sustava obrazovanja dogode “preko noci”, ma koliko bile podrZane i forsirane od
strane nadleZnoga ministarstva. Kako bi se pomak ipak $to brze dogodio, potrebno
je da Sto veéi broj nastavnika bude ne samo upoznat s novim zahtjevima procesa
obrazovanja, ve¢ da, koliko god je to moguce, bude u neposrednom doticaju s meto-
dama poucavanja za koje se o¢ekuje da ih primjenjuje u svom radu. Ovaj se zahtjev
nastoji zadovoljiti organiziranjem razlicitih seminara i radionica za nastavnike, $to
je zadatak kojim se preteZito bavi Agencija za odgoj i obrazovanje.

U matematic¢ko su obrazovanje ucenika uvijek u odredenoj mjeri bila ukljucena
i strukovna udruZzenja matematicara koja su se prvenstveno posvecivala radu s
nadarenim ucenicima (organizacijom ljetnih $kola za nadarene, sudjelovanjem u
organizaciji matematiCkih natjecanja i kvizova, izdavanjem razli¢itih publikacija
za mlade matematicare i sl.). Kako smo svjedoci da je interes za bavljenje matem-
atikom prisutan kod sve manjega broja ucenika, takav se angaZman pokazao ne-
dostatnim. S druge strane, promjene u hrvatskom obrazovnom sustavu i prepoz-
navanje potencijala izvaninstitucionalnoga odgoja i obrazovanja su omogucili da
se u obrazovanje opéenito, pa i u matematicko obrazovanje, intenzivnije ukljuce
organizacije civilnoga drustva. Takva mogucnost posljednjih je godina dodatno
potaknuta i Cinjenicom da Ministarstvo znanosti, obrazovanja i Sporta (MZOé)
jednom godiSnje raspisuje natjecaj za raspodjelu financijskih potpora projektima i
programima udruga u podrucju izvaninstitucionalnoga odgoja i obrazovanja.

Primjer dobre prakse

U nastavku ¢emo navesti primjer ukljucivanja organizacije civilnoga drustva
u matemati¢ko obrazovanje ucenika osnovnih skola u Rijeci u suradnji s Gradom

Rijeka kao osnivatem $kola te uz potporu MZOS-a.

Organizacija civilnoga drustva o kojoj se u konkretnom slucaju radi jest udruga
Zlatni rez, osnovana 2004. godine sa sjediStem u Rijeci te podru¢jem djelovanja
u cijeloj Republici Hrvatskoj. Udrugu ¢ine visokoobrazovani strucnjaci koji su
svojim stru¢nim i znanstvenim radom aktivno ukljuceni u problematiku odgoja i
obrazovanja te u aktivnosti popularizacije prirodnih znanosti i matematike. Od
svoga je osnivanja udruga Zlatni rez organizator Festivala znanosti u Rijeci. Za-
pravo se mozZe reci da je i samo osnivanje Udruge proizaSlo iz iskustva Festivala
znanosti i saznanja da uz potrebu za brojnim popularizacijskim aktivnostima kada
su u pitanju matematika i prirodoslovlje postoji i potreba za implementacijom
modernih obrazovnih standarda u hrvatski obrazovni sustav, posebice u podrucju
prirodnih znanosti i matematike.

Tijekom proteklih je Festivala znanosti u Rijeci, koji se organiziraju od 2003.
godine, udruga Zlatni rez organizirala brojne radionice za ucenike, nastavnike i
ucitelje razredne nastave. Pokazalo se da je potraznja za tim sadrzajima mnogo
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veca i da nadilazi okvire Festivala znanosti te je, uz podrSku Odjela za odgoj i
Skolstvo Grada Rijeka, na natjecaj za raspodjelu financijskih potpora projektima
i programima udruga u podrucju izvaninstitucionalnoga odgoja i obrazovanja, sto
ga raspisuje MZOS, prijavljeno nekoliko programa i projekata, od kojih su neki
realizirani, a neki su u realizaciji. Medu njima istaknut ¢emo trogodisnji program
“Razvoj prirodoznanstvene i matematicke pismenosti aktivnim ucenjem”, koji se u
rijeCkim osnovnim S$kolama provodi od Skolske godine 2007./2008.

Ciljevi su programa “Razvoj prirodoznanstvene i matemati¢ke pismenosti ak-
tivnim uenjem” usmjereni na podrSku u€enicima i nastavnicima u aktivnom ucenju
i poucavanju.

Aktivnosti su programa usmjerene:

1) naizvodenje nastavnih sati ¢iji je cilj u redovnoj nastavi poticati aktivno uenje
koje izaziva interes, motivaciju i dugotrajno paméenje sadrZaja iz matematike i
fizike, te

2) na davanje potpore nastavnicima u primjeni aktivne nastave kroz izvodenje
nastavnih sati i izradu priru¢nika koji ¢e sluZiti nastavnicima i ucenicima kao
potpora pri ovakvom nacinu rada.

U okviru programa izvodi se Sest razlicitih sadrzaja iz matematike za uzrast
ucenika od Cetvrtoga do osmoga razreda. Autori su edukacijskih sadrzaja koji se
prezentiraju u okviru ovoga programa sveuciliSni nastavnici te njihovi studenti nas-
tavnickoga smjera od kojih su mnogi ve¢ ukljuceni u redovni sustav obrazovanja.
Nakon svakoga se izvedenoga sadrzaja provodi anketa kako bi se po zavrSetku
programa dobio daljnji uvid u prihvacenost ovakvoga nacina rada, a objedinjeni ¢e
rezultati ankete biti prikazani u publikaciji Ciji se tisak planira u posljednjoj godini
izvodenja programa.

Program “Razvoj prirodoznanstvene i matematicke pismenosti aktivnim uce-
njem” nalazi se u svom srediSnjem dijelu i do sada je u svakoj osnovnoj $koli Grada
Rijeka u okviru toga programa predstavljen barem jedan matematicki sadrzaj.
U njemu je do sada sudjelovalo viSe od 500 ucenika od cetvrtoga do osmoga
razreda te njihovi nastavnici. Znacajka je ovog programa da nije namijenjen samo
odredenoj kategoriji ucenika, ve¢ svim u€enicima odredenoga uzrasta. Nacinom se
prezentacije sadrZaja Zeli potaknuti dubinski pristup ucenju koji proizlazi iz potrebe
za smislenim angaZziranjem na zadatku, pri ¢emu se teZi razumijevanju temeljnih
ideja i principa te razvijanju pozitivnih osjeaja prema nastavi i ucenju: razvi-
janju interesa, osjecaja za vaznost, odusevljenja i zadovoljstva u ucenju. Do sada
provedene ankete pokazuju pozitivne reakcije ¢ak i kod onih ucenika koji ne vole
matematiku. Zadovoljstvo sudjelovanjem u programu iskazuje i veéina nastavnika
koja je prisustvovala izvodenju matematic¢kih sadrZaja. Mnogi su od njih prihvatili
to kao primjer dobre prakse, $to smatramo izuzetno vaznim, pogotovo u slucaju
kada se radi o nastavnicima razredne nastave, s obzirom na poznatu Cinjenicu da
taj poziv odabiru mnogi koji prema matematici nemaju pozitivan stav.
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Zakljucak

Iz svega reCenoga mozemo zakljuciti da organizacije civilnoga druStva mogu
biti pouzdan i respektabilan partner u matematickom obrazovanju ucenika. No, za
uspjeh je njihova djelovanja svakako izuzetno bitna podrska kako lokalne zajed-
nice, tako i nadleZnoga ministarstva. Prikazani program sasvim sigurno ne bi bilo
moguce realizirati bez podrSke Grada Rijeka (osnivaca osnovnih $kola u kojima se

provodi program) i potpore MZOS-a. Kada je matemati¢ko obrazovanje u pitanju,
postoji potreba i moguénost za ukljucivanjem organizacija civilnoga drustva, a na
organizacijama civilnoga drustva je da ponude programe matematickoga obrazo-
vanja odgovarajuce kvalitete.
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Ucitelj matematike v vlogi raziskovalca
poucevanja in ucenja

Tatjana Hodnik Cade?

Faculty of Education, University of Ljubljana, Slovenia

Povzetek. Poulevanje matematike je zelo zahtevnanaloga. Matem-
atika je za ucence eden tezjih predmetov v Soli, ucenci ne prepoznajo
uporabne vrednosti matematike v vsakdanjem Zivljenju, abstraktni
matemati¢ni pojmi so jim veckrat nerazumljivi oz. imajo z njimi
tezave...Po drugi strani pa poznamo veliko raziskav s podrocja
poudevanja in udenja matematike in zdi se, da rezultati (ki so na-
jveckrat zelo spodbudni z vidika raziskovalcev) nimajo nobenega
vpliva na delo v razredu. Zakaj je temu tako? Prepricani smo, da
ucitelji tezko spremenijo svoje subjektivne teorije o poucevanju in
ucenju matematike in najveckrat so rezultati raziskav zanje nerealni,
nekoristni. . . Prispevek predstavlja pomen raziskovanja za ucitelja, e je
sam v vlogi raziskovalca. Povabili smo ucitelje v projekt Partnerstvo, v
katerem so sodelovale Pedagoska fakulteta Univerze v Ljubljani in Sole
v Sloveniji, ki so se odlocile za sodelovanje. Temeljna ideja projekta
je bila medpredmetno povezovanje matematike z drugimi predmeti,
raziskovalna metoda, ki smo jo Zeleli podrobneje predstaviti uciteljem,
pa akcijsko raziskovanje. Ucitelji so imeli nalogo razviti uéni pristop,
ki je temeljil na medpredmetnem povezovanju in ga evalvirati v praksi
z vidika doseganja ciljev izbranih vsebin in u¢encevega napredovanja
v uporabnem znanju. UCcitelji so uporabili akcijsko raziskovanje, ki
je potekalo v treh korakih: ugotavljanje predznanja ucenceyv, izvajanje
novegaucnega pristopa ter ugotavljanje napredovanjaucencev v znanju.
Prispevek prikazuje poglobljeno analizo raziskovanja uciteljev in nekaj
primerov dobre prakse.

Kljucne besede: akcijsko raziskovanje, matematika, medpred-
metno povezovanje, ucni pristop
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Matematika i informatika izvan obvezne
nastave u odabiru ucenika i ponudi
njihovih ucitelja

Margita Pavlekovi¢, Ana Mirkovi¢ Mogus i Diana Moslavac

Uciteljski fakultet, Sveuciliste Josipa Jurja Strossmayera u Osijeku, Hrvatska

SaZetak. U Hrvatskoj predstoji prvo uskladivanje i prinavljanje
kurikula uciteljskih studija nakon odobravanja integriranih prediplom-
skih i diplomskih petogodisnjih sveucilisnih studija 2005. odnosno
2006. godine. U Zelji da se ishodi ucenja studenata uciteljskih studija,
posebice kada se radi o izvannastavnim aktivnostima unutar skupine
predmeta iz podrucja matematika — informatika, definiraju u skladu
s interesom djece u primarnom obrazovanju, ali i potraznji na trzistu
rada, proveli smo istraZivanje.

U clanku se raspravlja o rezultatima istraZivanja provedenog u
prosincu 2008. godine u Sest osnovnih Skola u Osijeku kojim je
obuhvaceno 107 u€enika/ca Cetvrtoga razreda i 21 njihov uditelj/ica.
Cilj istraZivanja bio je uvidjeti koliko je uciteljeva ponuda u naSem
okruzenju uskladena s ucenikovim izborom aktivnosti izvan nas-
tave u Cetiri podrucja, i to: jezi€no-umjetnickom, podrucju tjelesne
i zdravstvene kulture, prirodoslovlju i ekologiji te matemati¢ko-
informatickom podrucju, od kojih prva dva pripadaju drustvenim,
a druga dva prirodnim znanostima. U ¢lanku se takoder analizira omjer
broja studenata u Hrvatskoj upisanih na studij drustvenih odnosno
prirodnih znanosti u akademskoj 2008./09. godini te ga se dovodi
u vezu s manjkom stru¢njaka sa znanjima i vjeStinama iz podrucja
matematike i informatike na trZistu rada. Nalazi istrazivanja povecali
su sigurnost i samopouzdanje autora Clanka pri definiranju ishoda
ucenja studenata uciteljskih studija za skupinu predmeta iz podrucja
matematika — informatika. Kreatore Skolskoga odgoja i obrazovanja,
uprave skola i uditelje iz svoga okruzenja autori Clanka potaknut ce
na usmjeravanje interesa u¢enika onim zanimanjima i vjeStinama koja
potraZuje trZiSte rada.

Kljucne rijeci: aktivnosti izvan obvezne nastave, primarno obra-
zovanje, ishodi ucenja studenata, trziste rada

Uvod

S obzirom na Cetiri desetljea dugu tradiciju izvannastavnih aktivnosti u os-
novnoj Skoli u Hrvatskoj, pozornost koja im se pridaje jo$ uvijek nije dostatna
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(Jurci¢, 2008.). Povecanjem zaposlenosti obaju roditelja dolazi do problema
zbrinjavanja ucenika nakon nastave. Time se stvara potreba za organiziranjem
aktivnosti nakon redovne nastave kako bi se ispunilo slobodno vrijeme koje u€enici
imaju do povratka roditelja s posla. Medutim, glavna uloga izvannastavnih ak-
tivnosti jest osiguravanje pravilnoga psihofizickog razvoja ucenika, odgovarajuce
socijalizacije, razvijanje potrebe sadrzajnog iskoriStavanja slobodnog vremena,
poboljsanje kvalitete Zivota ucenika te njegova priprema za uklju€ivanje u drustvo
rada.

U Republici Hrvatskoj trenutno se oblikuje novi nacionalni kurikul pa je
potrebno obratiti pozornost i na ovaj oblik odgojno-obrazovne djelatnosti u os-
novnoj Skoli. Gledajuéi nastavni plan i program za ucenike od prvoga do Cetvrtoga
razreda osnovne Skole, moze se uociti da jedan sat dopunske i dodatne nastave,
koliko je predvideno vaZeéim planom, ne ispunjava u potpunosti slobodno vrijeme
ucenika nakon nastave te ne zadovoljava njihove potrebe za dodatnim aktivnos-
tima ([9]). ViSestruke su prednosti i korist izvannastavnih aktivnosti pa je problem
njihove potpune ugradnje u obrazovni sustav jo$ vazniji i poprima Sire razmjere.
Na osnovi izvjeStaja Ministarstva pravosuda i ministarstva obrazovanja SAD-a iz
lipnja 1998. moZe se donijeti zakljucak o prednostima i koristima kvalitetnoga
organiziranog vremena nakon nastave. One se odnose na sljedece:

e poboljSanje ucenickog uspjeha u skoli

e redovitije pohadanje nastave i smanjen broj djece koja prijevremeno odus-
taju od Skole
uspjesnije 1 ucestalije pisanje domade zadace
poboljsanje ucenickog vladanja u skoli
znacajno povecanje broja ucenika s planovima za buduénost
smanjenje nasilja i maloljetnickog kriminala te Skolskog vandalizma, zlouporabe
droge i alkohola. (Siljkovié i dr., 2007.)

Radi optimalne organiziranosti izvannastavnih aktivnosti potrebna je odgo-
varajuéa edukacija ucitelja ve¢ na fakultetima kako bi mogli pravovremeno prepoz-
nati u€enicke sposobnosti i sklonosti te ih razvijati na odgovarajuci nacin. Dakako,
ne smije se zanemariti ni uciteljevo zadovoljstvo i motivacija u vodenju aktivnosti.

Obiljezja i podjela izvannastavnih aktivnosti

Izvannastavne aktivnosti obuhvadaju razliite programske sadrZaje kojima se
ucenici bave izvan nastavnih obveza u organizaciji Skole i u njezinim prostori-
jama. Njima Zelimo zadovoljiti individualne i stvarne potrebe ucenika, interese i
sposobnosti ucenika, prosiriti i produbiti njihova motoricka znanja, razvijati uljudne
odnose medu ucenicima te zbliZavati uCenike i ucitelje.

Izvannastavne aktivnosti moZemo podijeliti, primjerice, prema nastavnim po-
dru¢jima, po namjeni, po mjestu odrZavanja itd.

Prema nastavnim podru¢jima izvannastavne aktivnosti moZzemo podijeliti na
sljede¢a podrucja: tjelesna i zdravstvena kultura, jezicno-umjetnicko podrudje,
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matemati¢ko-informaticko podrucje, prirodoslovlje i ekologija. Prva dva podrucja
pripadaju drusStvenim znanostima, a druga dva prirodnim znanostima. Nadalje,
moZemo ih podijeliti prema mjestu odrZavanja na one koje se odrZavaju u Skolskim
prostorima i one koje se odrZavaju izvan njih.

Neki autori (Jurci¢, 2008.) predlazu jo§ i podjelu izvannastavnih aktivnosti na
umjetnicke, obrazovne i informativnopoucne.

Izvannastavne aktivnosti organiziraju se za ucenike od prvoga do osmoga
razreda na pocetku Skolske godine. Izbor aktivnosti prepusten je svakom uceniku
prema vlastitom interesu, potrebi i mogucnostima, ali je djelomicno ogranicen
uciteljevom ponudom izvannastavnih aktivnosti. Roditelje ucenika potrebno je
obavijestiti o svrsi, vremenu, mjestu i nacinu rada aktivnosti u kojima njihova djeca
sudjeluju. Cilj izvannastavnih aktivnosti jest obuhvatiti Sto veéi broj ucenika i
usmjeriti ucenike na odgovarajuéu aktivnost u skladu s njegovim Zeljama i sposob-
nostima. Izvannastavnim aktivnostima Zelimo omoguditi i stvoriti uvjete uenicima
da se ukljuce u razne organizacijske oblike u kojima ¢e naéi smisao i zadovoljstvo.

Od ucenika se oCekuje da bude aktivni sudionik izvannastavnih aktivnosti,
tocnije, trebao bi sudjelovati u poticanju ponude aktivnosti, oblikovanju programa
i sadrzaja samih aktivnosti te njihovog tijeka i znacaja. Osim toga, vazno je
omoguciti uceniku redovno pohadanje izvannastavnih aktivnosti te nastojati is-
puniti njegova ocekivanja.

Ponuda i odabir izvannastavnih aktivnosti izmedu uéitelja i u€enika

Utitelji su organizatori izvannastavnih aktivnosti te njihova odluka o odabiru
aktivnosti izravno utjece na samu ponudu. Oni naj¢esée odabiru samo jednu iz-
vannastavnu aktivnost, a rijetko dvije ili viSe. Njihova odluka o ponudi djelomi¢no
ogranicava ucenikov izbor. Motivacija i prikladni radni uvjeti vazni su ¢imbenici
koji utje¢u na uciteljev odabir izvannastavne aktivnosti. UcCiteljev je zadatak pre-
poznati ucenicke sposobnosti i sklonosti na temelju kojih Ce, takoder, donijeti svoju
odluku o tome koju ée izvannastavnu aktivnost ponuditi. Dakako, ucitelj treba biti
odgovarajuée i dovoljno educiran kako njegova ponuda izvannastavnih aktivnosti
ne bi ukljucivala njegove subjektivne aspekte. Posebice se to odnosi na uliteljeve
predrasude i ucenicke predrasude prema odredenim izvannastavnim aktivnostima.
Najcesée predrasude vezane su upravo uz izvannastavne aktivnosti iz prirodnih
znanosti, posebice iz matematike i njoj srodnih predmeta. Predrasude se proteZu od
predskolske do studentske dobi. Cesto se uoava podjela izvannastavnih aktivnosti
prema spolu pa je uvrijezeno misljenje kako su djevojCice uspjesnije u izvannas-
tavnim aktivnostima iz druStvenih znanosti, a djecCaci aktivnostima iz prirodnih
znanosti. Tako, od 1998. do 2008. godine na Uciteljskom fakultetu u Osijeku
studenti prve godine imaju mogucénost odabira medu trima usmjerenjima daljnjeg
Skolovanja oblikovanih po modulima: modul A-razvojni smjer, modul B-smjer
informatika i modul C-smjer strani jezik. Ponuda modula usmjerena je potraznji
na trzistu rada, posebno modula vezanog uz matematicko-informaticko podrucje.
Tijekom navedenoga razdoblja uocava se pojava da studenti u najmanjem postotku
odabiru modul vezan uz matematicko-informaticko podrucje. Jos uvijek dakle nije
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razvijena svijest studenata o potrebama na trZiStu rada unato¢ postoje¢im poticajima
fakulteta.

Ucenicki odabir trebao bi biti nezavisan od uciteljeve ponude jer bi mu
odabrana izvannastavna aktivnost morala pruZati osjecaj zadovoljstva i Zelju za
istraZivanjem i stvaranjem. Takoder, na u€enicki odabir znacajno utjece opéi us-
pjeh, a posebno ocjena iz predmeta vezanog uz izvannastavnu aktivnost koju ¢e
odabrati. Iz naSeg istraZivanja vidljivo je da u€enici preteZzno odabiru izvannastavne
aktivnosti prema predmetima iz kojih imaju odli¢nu ocjenu.

Treba teZiti tomu da izabrana izvannastavna aktivnost bude rezultanta u¢enickih
Zelja, u01teIJeV1h sposobnosti te potreba na trZiStu rada. NuZno je kontinuirano
obrazovati i usavrSavati ucitelje kako bi se ostvario Zadovoljava]um sklad izmedu
uciteljeve ponude, ucenickog odabira izvannastavne aktivnosti i trZiSne potraZnje.
Obveza Skole jest osigurati uciteljima radne uvjete za ostvarenje izvannastavne
aktivnosti (vremenske, materijalne, prostorne) te potporu u cjelozivotnom us-
avrSavanju.

Metodologija istrazivanja i rezultati

U prosincu 2008. provedena je anketa o sudjelovanju ucenika i ucenica Cetvr-
tih razreda u izvannastavnim aktivnostima te o uciteljevom odabiru izvannastavnih
aktivnosti. Anketa je provedena u Sest osnovnih $kola u Osijeku, na uzorku od 107
ucenika i 21 ucitelja.

Cilj istraZivanja bio je utvrditi postoje li razlike izmedu izvannastavnih ak-
tivnosti koje izabiru ucenici i izvannastavnih aktivnosti koje nude ucitelji te
moguce uzroke i posljedice njihovih izbora. Aktivnosti smo grupirali u Cetiri po-
drucja: jezi¢no-umjetnic¢ko, podrucje tjelesne i zdravstvene kulture, prirodoslovlje
i ekologija te matematicko-informaticko podrucje. U analizu rezultata istraZivanja
ukljuceni su i podatci o upisanim studentima na fakultete prirodnih i drustvenih
znanosti te podatci o stanju potraZnje stru¢njaka za znanjima i vjeStinama iz po-
dru¢ja matematike i informatike na trzZistu rada. Time smo htjele uvidjeti postoji
li povezanost izmedu ucenickog odabira izvannastavnih aktivnosti iz odredenih
podrucja te kasnijeg izbora fakulteta i zanimanja. Takoder osvrnule smo se i na
razliku u odabiru izvannastavnih aktivnosti prema spolu ucenika.

Analizom podataka vezanih uz ucliteljevu ponudu izvannastavnih aktivnosti
(Slika 1) dosli smo do zakljucka da su najéesce ponudene izvannastavne aktivnosti
iz podrucja:
e jezi¢no-umjetnickog (aktivnosti: recitatorska, dramska, likovna, scenska,
tamburaska), 46,15%

e matematicko-informatickog (aktivnosti vezane uz matematiku i informatiku),
26,92%

e prirodoslovlja i ekologije (aktivnosti vezane uz ekologiju te prirodu i
drustvo), 15,38%

e tjelesne i zdravstvene kulture (aktivnosti: ritmika, granicar, mali nogomet),
11,54%
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1z slike 1 vidljivo je da ucitelji najviSe vode aktivnosti iz jezicno-umjetni¢kog
podrucja, znacajno manje iz matematicko-informatickog te prirodoslovlja i ekologije,
a u najmanjom postotku iz podrucja tjelesne i zdravstvene kulture. UCitelji dakle
veéinom nude izvannastavne aktivnosti koje se mogu svesti u podruc¢je druStvenih
Znanosti.

Physical
education
11,54%

Language and
arts
46,15%

Science and
ecology
15,38%

Mathematics’

and

informatics
26,92%

Slika 1. Uciteljeva ponuda izvannastavnih aktivnosti po podrucjima.

Analizom podataka vezanih uz ucenicki odabir izvannastavnih aktivnosti dosle
smo do sljedeéih podataka:

e jezicno-umjetnicko, 38,04%

e tjelesna i zdravstvena kultura, 36,26%

e matematicko-informaticko, 19,94%

e podrucje prirodoslovlja i ekologije, 5,76%

Mozemo zakljuciti (Slika 2) da uenici najvise odabiru aktivnosti iz jezi¢no-
umjetnickog podrucja te podrucja tjelesne i zdravstvene kulture, znacajno manje
iz matematicko-informatickog podrucja, a najmanje iz podrucja prirodoslovlja i
ekologije. Ucenici dakle takoder u veCem postotku odabiru izvannastavne ak-
tivnosti iz drustvenih znanosti.

U odnosu na spol takoder smo uocile neke razlike u odabiru izvannastavnih
aktivnosti prema podrucjima. Ucenici CeSée biraju izvannastavne aktivnosti iz po-
drucja tjelesne i zdravstvene kulture te matematicko-informatickog podrucja dok
ucenice ¢eScée biraju izvannastavne aktivnosti iz jezi€no-umjetnickog podrucja. Os-
vrtom na odabir podrucja po znanostima ucenici odabiru izvannastavne aktivnosti
iz prirodnih znanosti za 6,42% viSe u odnosu na ucenice.

Promatrajuéi ucenicki odabir izvannastavnih aktivnosti po podrucjima i razred-
ima primjetna je oscilacija u njihovom zanimanju za odredena podrucja. Po razred-
ima, najvise se razlikuje uc¢enicko zanimanje za izvannastavne aktivnosti iz podrucja
prirodoslovlja i ekologije, tj. postoji negativna korelacija.
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Slika 2. Ucenikov odabir izvannastavnih aktivnosti po podrucjima.

Prelaskom u viSe razrede ucenicko zanimanje za izvannastavne aktivnosti iz
podrudja prirodoslovlja i ekologije znacajno opada (Slika 3).

45,00%

40,00%

35,00% H

W Language and arts
30,00% H
B Matematics and

25,00% I informatics

20,00% || |OScience and
ecology

15,00% I |0 Physical education

10,00% H

5,00% I

0,00% - — . L L1
1.grade 2.grade 3.grade 4.grade

Slika 3. Ucenicki odabir izvannastavnih aktivnosti po razredima.

S obzirom na spol provele smo istu analizu u¢enickog odabira izvannastavnih
aktivnosti po razredima. Kod ucenica rezultati pokazuju pozitivnu korelaciju u
odabiru izvannastavnih aktivnosti iz jezi¢no-umjetni¢kog podrucja, a negativnu
korelaciju u odabiru izvannastavnih aktivnosti iz podrucja tjelesne i zdravstvene
kulture te prirodoslovlja i ekologije. Prelaskom u vise razrede interes ucenica po
navedenim podrucjima raste, tj. opada, redom.

Kod ucenika rezultati pokazuju pozitivhu korelaciju u odabiru izvannastavnih
aktivnosti iz podrucja tjelesne i zdravstvene kulture, a negativnu korelaciju u od-
abiru izvannastavnih aktivnosti iz svih ostalih podrucja. Prelaskom u vise razrede
interes ucenika raste jedino za podrucje tjelesne i zdravstvene kulture.

Usporedbom odnosa ponude i potraznje izvannastavnih aktivnosti mozZe se
uociti nesklad izmedu uciteljeve ponude izvannastavnih aktivnosti po podrucjima
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i uCeniCkog odabira izvannastavnih aktivnosti po podrucjima (Slika 4). Uditeljeva
ponuda izvannastavnih aktivnosti iz podrucja prirodoslovlja i ekologije veca je za
9,62% u odnosu na ucenicku potraznju iz tog podrucja. S druge strane, ucenicka
potraznja izvannastavnih aktivnosti iz podrucja tjelesne i zdravstvene kulture veca
je za 24,72% u odnosu na uiteljevu ponudu iz tog podrucja.
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Slika 4. Odnos ponude i odabira aktivnosti (ucitelji/ucenici).

Mozemo zakljuciti da je jos uvijek ucenikov odabir izvannastavnih aktivnosti
djelomicno uvjetovan uciteljevom ponudom. Ucenik dakle nema dovoljan utjecaj
na ponudu izvannastavnih aktivnosti i ne moZe u potpunosti slobodno odabrati
Zeljene izvannastavne aktivnosti.

Nadalje, opéenito mozemo dovesti u vezu slab u€enicki odabir izvannastavnih
aktivnosti iz matematicko-informatickog podrucja,, negativne stavove prema osob-
nim racunalima i matematici srodnim predmetima s odabirom Zeljenog fakulteta
prirodnih odnosno drustvenih znanosti, ali i odabirom onih zanimanja koja ne za-
htijevaju znanja sloZene i viSe matematike. Ukupni proces kruzno se ponavlja jer
je nekadasnji uciteljev odabir izvannastavnih aktivnosti takoder kreiran analogno
nac¢inom kako danas ucenici odabiru izvannastavne aktivnosti pa kasnije fakultete
i buduéa zanimanja. Slika 5 prikazuje postotak upisanih studenata na fakultete
prirodnih i drustvenih znanosti u akademskoj 2008./09. godini u Hrvatskoj.

MoZemo zakljuciti da je znaCajna razlika u odabiru fakulteta prirodnih i
drustvenih znanosti u korist fakultetima drustvenih znanosti (92,94% od ukupno
upisanih studenata) ([6]).

Situacija se odraZava i na trZiSte rada gdje je posljedicno tomu nedostatak
struénjaka iz prirodnih znanosti, a posebno onih sa znanjima i vjeStinama iz
matematicko-informati¢kog podrucja. Prema podatcima dobivenim od Hrvatskog
zavoda za zaposljavanje, broj trazenih stru¢njaka iz matematicko-informatickog
podrucja 2008. godine iznosio je 830 Sto Cini 47,6% od ukupnog broja ponudenih
radnih mjesta iz obrazovanja ([7]). Gotovo polovica dakle ponudenih radnih mjesta
iz obrazovanja odnosi se na strucnjake iz matematicko-informatickog podrudja.
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Universities of natural sciences
7,06%

Universities od social sciences
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Slika 5. Postotak upisanih studenata na fakultete prirodnih i drustvenih znanosti 2007./08.

Zakljucak

Rezultati istraZivanja potvrdili su naSu pretpostavku da uciteljeva ponuda iz-
vannastavnih aktivnosti nije u potpunosti uskladena s ucenickim Zeljama. Odredenije,
promatrajuci odabir aktivnosti ucitelja i uenika iz podrucja tjelesne i zdravstvene
kulture te podrucja prirodoslovlja i ekologije rezultati provedenog hi kvadrat testa
pokazali su da s 95%-tnom sigurnos¢u mozemo tvrditi da postoji statisticki znacajna
razlika u odabiru aktivnosti. Takoder, uliteljeva ponuda i u€enicki odabir izvan-
nastavnih aktivnosti nije uskladen s potraZznjom na trZiStu rada

Rezultati hi kvadrat testa pokazuju da postoji statisticki znacajna razlika u
odabiru aktivnosti iz prirodnih i drustvenih znanosti kod ucenika na svim razi-
nama pouzdanosti. Vidljivo je da uCenici daju prednost aktivnostima iz drustvenih
znanosti dok su aktivnosti iz prirodnih znanosti jo§ uvijek nepravedno zanemarene.
To upuéuje na zakljucak da se predrasude koje vladaju prema prirodnim znanostima
i matematici u naSem drustvu prenose svakodnevno s roditelja na dijete te ponekad i
s ucitelja na ucenika pa time ostaju neprestano prisutne od predskolske dobi do upisa
na fakultete i kasnijeg izbora zanimanja. Dobiveni podatci iz akademske 2008./09.
godine jasan su pokazatelj da studenti u znacajno veéem postotku odabiru studije
drustvenih znanosti nego studije prirodnih znanosti unato¢ ¢injenici $to na trZistu
rada postoji najveca potreba za stru¢njacima iz obrazovanja na podru¢ju matem-
atike i informatike. Rezultati istraZivanja ukazuju na potrebu oblikovanja timova
strunjaka koji ée potaknuti interese ucenika i studenata prema onim aktivnostima
koje potrazuje trZiSte rada. Dobiveni rezultati pomo¢i ¢e u procesu uskladivanja i
prinavljanja kurikula uditeljskih studija.
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Képekre épiilo matematikatanulas

Katalin Munkacsy

Eo6tvos university (ELTE), Budapest, Hungary

Osszefoglalé. Vizsgdlatainkat nehezen megkdzelithetd magyar
kisiskoldakban végeztiik. Azt tapasztaltuk, hogy a hatranyos helyzetd
tanulék mas tarsadalmi nyelvvaltozatot beszélnek, mint tandraik, ezért
még a tehetséges tanulék sem tudnak elég j6 eredményeket elérni.
Képeket, vagyis PowerPoint prezentdcidkat hasznaltunk, amelyek
egyrészt segitettek megérteni a tanuléknak a feladatokat, masrészt
segitettek a pedagdgusoknak, hogy viszonylagosan dj pedagdgiai
mobdszereket alkalmazzanak. Ezeket a moddszereket mar kordbban
is jol ismerték, de ugy gondoltdk, hogy azok csak a legkivalébb,
jol felszerelt iskolakban hasznalhat6ak, mint példaul a csoportmunka,
az informatikai eszk6zok és a tanuldsi folyamat elbesz€l§ elemei,
parhuzamosan a logikailag szervezett ismeretekkel.

Tanitottunk néhany érdekességet a matematikatorténetbdl is. Az
egyiptomi szamiras volt az egyik legjobb motivald eszkoz.

Azt tapasztaltuk, hogy minden tanulé a kordbbindl jobb eredmény-
eket ért el, a legtehetségesebbek pedig olyan inverz feladatokat is meg
tudtak oldani, amelyek koziil néhdny az egyetemi hallgatéimnak is
gondot okozott.

Kulcsszavak: A matematikatanitds Gj mddszerei, szemléltetés,
targyi tevékenység, torténeti gondolkoddsmdd, tehetséges tanuldk,
hatranyos helyzeti tanulok

A nyelvi hatrany és a matematikatanulas

Gyakran el6fordul, hogy gyerekeknek nem az anyanyelviikon kell elkezdeniiik
iskolai tanulményaikat. Ennek nehézsége nyilvanvalé. Azonban az azonos nyelvet
beszEl6k kozott is jelentds nyelvhasznélati kiilonbségek lehetnek. Ezt az eltérést
a nyelvészek eltérd regiondlis és tarsadalmi dialektusként irjék le. Tapasztalataink
és a nemzetkozi szakirodalom szerint is az eltér nyelv és az eltérd nyelvvaltozat
is hasonl6 tanulasi akadalyokat okozhat.

Sokan tgy vélik, hogy a matematikatanulast befolyasolja legkevésbé a nyelvi
kiilonbség.
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Ezt a nézetet sok tapasztalat erGsiti meg, pl. ha egy tanuld, néhdny év otthoni
tanulds utan kiilfoldre, idegen nyelvi kornyezetbe keriil, akkor gyakran el6fordul,
hogy nyelvi hitranyai ellenére & lesz a legjobb matematikus az osztdlydban.

Erdemes azonban felfigyelni arra, hogy ebben az esetben a tanuld biztos
anyanyelvi alapokkal és j6 matematikai el6képzettséggel rendelkezve éri el a sik-
ereket az 1ij nyelven matematikdbdl. Egészen mads a helyzet, ha a kisdidk agy keriil
be az iskoldba, hogy sem a hétkdznapi beszélgetés szavait, szitudcidit nem érti
pontosan, sem azokat a matematikailag relevins tapasztalatokat nem szerezte meg
a csalddjaban - pl. tablés tarsasjatékokat jatszva, sziileinek a kertben, konyhédban,
bevasarlaskor segitve, kozben sokat beszélgetve - amelyekben szerencsésebb tarsai
részesiilhettek. Szakszerd iskolai segitség nélkiil még az okos gyerekek is isko-
lai kudarcokra vannak itélve. A tanitok és a tandrok nagy része taldl megoldast
a problémdkra. A pedagégiai kutatds feladata az, hogy ne kelljen mindenkinek
sajat meganak kitaldlnia eszkozoket és mddszereket, hanem alljon a pedagdgu-
sok rendelkezésére a lehetdségek széles valasztéka, amit az adott koriilményeknek
megfelelden lehet alkalmazni.

Cél

Kutatdsunkban azt vizsgaljuk, hogyan jelentkeznek a kommunikicids zavarok a
matematikatanuldsban és hogyan lehet azokat csdkkenteni.

Moédszer

Kutatdsi médszeriink a résztvevé megfigyelés. A hagyomdanyos, megfigyelésen
alapuld, diagnosztizald helyzetfelmérés ebben a témaban nem valt be, mivel az
6ramegfigyelések éppen a kommunikaciés folyamatokat zavarjak leginkabb (Tu-
veng, 2005). A hospitdlasok sordn a zavarok nehezen vehetdk észre, valamint az
esetleg mégis felmeriil§ zavarok megoldasat a pedagégusok késGbbre, a vendégek
tdvozasat kovetd id6re halasztjak. Ezért a pedagdgusokkal egyiittmiikodve dolgo-
zunk a tanuldsi-tanitdsi folyamat fejlesztésén és a munka kozben felmeriilé tapasz-
talatokra reflektdlva tervezziik meg a kovetkezd 1épéseket. Igy egyszerre kapunk
képet a problémdkrdl és a lehetséges megoldasi médokrol.

Tanulaselméleti hattér

Hatranyos helyzetben a leggyakrabban alkalmazott didaktikai megoldas a tananyag
és akovetelmények csokkentése, ami érthetd, hiszen sok, a tobbségitdl eltérd csaladi
helyzetbdl szdrmaz6 tanulé nem, vagy alig tud irni, olvasni, szdmolni még 8-10
éves kora utin sem.

Mi ennek ellenére igényes, a tantervi kovetelmények optimumat megcélz6 tana-
nyagot kivanunk a gyerekeknek nyujtani. A feladatok megértéséhez jelentSs
segitséget adunk. Az elsédlegesen megoldand6 feladatunk, hogy ugy tegyiik
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vilagossa a feladat kontextusét, hogy kézben a problémadkat ne oldjuk meg a tanulék
helyett. A kutatdsunk sordn Bruner (1965, 1966) tanuldselméletét alkalmazzuk,
pontosabban arra, valamint a tovabbfejlesztésébdl ereds egyéb tanuldselméleti, és
kiilonosen a specidlis matematikatanitasi eredményekre épitiink (Tall, 2005).

A magyar matematikatanits tjabb kori hagyomanyaiban igen nagy jelentGségi
Varga Tamas életmtive. Eredményei beépiilnek a magyar egyetemeken és féiskola-
kon tanitott matematika tantargypedagégidkba (Ambrus A. /2004/., Czeglédy
/2005/, Szendrei /2005/)

Munkank alapgondolata, hogy a tanuldsi folyamat egészét be kell vinniink
az iskoldba, nemcsak annak harmadik, szimbolikus szintjét, mert a gyerekek
hétkoznapi tapasztalatai és az iskoldkban alkalmazott k6zéposztalybeli, bonyolult
nyelvhaszndlat kozott a hidat aktiv pedagdgiai beavatkozassal kell kiépiteni. A
gyerekek szamara ismerds tevékenységeket a tanteremben is elvégezve azokat tigy
alakitjuk, hogy azokbdl kénnyen lehessen matematikailag relevans tapasztalatokat
szerezni, majd kovetkeztetéseket levonni.

Ujdonsagot jelent munkéankban, hogy a nyelvi problémék csokkentése érdeké-
ben egyrészt képekkel, a gyerekek szdmadra ismerGs szitudcidk felelevenitésével
segitjiik a matematikai feladatok megértését, ugy, hogy a szoveg szerepét minimalisra
csokkentjiik, ugyanakkor az 6rdk fontos részét jelentik a beszélgetések, amelyek
keretében a tanul6k elmesélhetik, s6t még azt is megkérjiik, hogy irjak le a matem-
atikatanulas soran keletkezett élményeiket. Meggy6z8désiink, hogy amit Bruner
altaldban a tanulds narrativ jellegér6l mond, az a matematikatanulésra is jellemzd
(Bruner, 1991) A tanulas hatdsara matematikai ismeretek szervezGdése természete-
sen dontSen logikai lesz, de a tanuldsi folyamatban, a matematikdban éppen tugy,
mint az egyéb teriileteken igen nagy szerepe van a torténeteknek és torténéseknek

A hatranyos helyzetd gyerekek kozott a matematikatanuldsban, akar a nyelvi
hatranyt, akar az egyéb tarsadalmi hatranyokat tekintjiik, egyarant vannak nagyon,
atlagosan és annal kevésbé tehetséges tanuldk, igy a tehetséggondozds modern
elveinek (Balogh, 2004, 2007) megfelelGen egyszerre forditunk figyelmet a gy-
erekek k6zos munk4jara, egységes foglalkoztatdsara és a kiemelkedGen tehetségesek
specidlis fejlesztésére (Czeglédy, 1992). A matematikatanuldson beliill Mag-
yarorszagon ma mar tobbféle tehetséggondozd program mikodik, feladatunk, hogy
a 6-10 éves tanuloknak olyan inditast adjunk, ami lehet6vé teszi szdmukra a felsd
tagozattdl kezdédden a bekapcsolddast ezekbe a programokba.

Az empirikus vizsgalat

A vizsgalatokat az ELTE TTK Multimédiapedagdgiai és Oktatastechnolégiai
Kozpontja és a Matematikatanitasi és Modszertani Kozpont végzi, a program
iranyitéja Karpati Andrea, a matematikai részprogramot Munkacsy Katalin
vezeti. A Kkutatok és a pedagogusok egyiittmiikodésének keretét a mentoralt
innovaciés program jelenti. A program f6 teriiletei az Integrélt esztétikai nevelés, a
Matematika, a komplex tanulményi verseny, az Aranysiiveg verseny, valamint sok
iskolan kiviili tevékenység voltak.



124 K. Munkéacsy

Populacio

Vizsgélatainkat 6sszevont tanulécsoportos iskoldkban végezziik.

Itt a kutatdsok szocioldgiai szempontbdl aktudlisak, mert az oktatds gaz-
dasagossaganak igénye €s a telepiilések népességmegtartd képességének megtartasa
ellentétes irdnyokba mozditana a kistelepiilések kisiskoldinak sorsat.

Pedagdgiai szempontbdl egyszeriibbé, jobban atlathatéva teszi a helyzetet,
hogy ezekben a kisiskoldkban a gyerekek tobbsége hatranyos helyzet(, ezért en-
nek az iskoldn beliil nincs stigmatizal6é hatdsa, a gyerekek nem kényszeriilnek be
a rossztanulé szerepébe, ahogyan ez a tobbségi, “normdlis” iskoldkban gyakran
el6fordul. fgy az érzelmi konfliktusok, onértékelési zavarok el6fordulasa ritkabb,
tobb lehet8ség van a kognitiv folyamatok megfigyelésére és alakitdséra.

Minta

Az orszag minden nagyobb régidja képviselve van, a részt vevo iskolak a
kovetkezo telepiiléseken talalhatok: Alsoszentivan, Debrecen (SNI), FelsGpetény,
Hasznos, Keszeg, Kolontér, Nogradkdvesd, Nogradsipek, Pogany, Sarhida, Som-
ogyhdarsagy, Szarfold, Székesfehérvar (SNI), Vezseny, Vadna, FelsGkelecsény. Az
iskolak egy felkéré levélre, amit kozel 800 iskoldba kiildtiink ki vélaszolva 1éptek
be a programba, a késébbi beszélgetésekbdl megtudtuk, hogy a taniték motivécidja
igen eltérd volt, néhanyan koziiliik gyakorlott palyazok voltak, masokat az iskolak
vezetGi kiildtek, hogy ezéltal is csokkentsék hidnyossdgaikat, voltak, akik jo in-
formatikai elGképzettségiiket akartdk az iskolai gyakorlatban is kamatoztatni, de
tobbségiik most akart megismerkedni az informatika alapjaival, ezért mintankat -
az onkéntes jelentkezés ellenére is - kvazi véletlennek tekinthetjiik.

A két nagyvarosi iskoldbdl sajatos nevelési igényd (SNI) csoportok kapc-
solédtak be a munkaba, igy bar a minta nem reprezentativ ebbdl a szempontbdl
sem, de képet kaphattunk az eltérd képességl tanuldk eltérd lehetdségeirdl is, de
arrdl is, hogy a feladatok egy része minden tanul6é szaimara élményt jelentett, mas
részébe pedig az egyes tanulok nagyon kiilonboz48 szinten tudtak bekapcsolddni.

Matematikatanulasi vizsgalat és fejleszté program
ceél

A kommunikdciés akadalyok meglétének igazolésa.
Fejleszt6 program kialakitisa és kiprébalasa.

Lebonyolitas

A 2006-2007-es tanév masodik félévében négy kéthetes szakaszban tartottak rend-
hagy6 matematikadrakat a tanitok.
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A 2007-2008-as tanévben a tanulasi folyamat mikrétorténéseit feltard vizsgalat
folyt, valamint megkezd&dott a tapasztalatok alapjan kiegészitS tantervi anyagok
és terjesztésre oktatasi eszkozok készitése.

Elvek

A tanulds sordn a gyerekek olyan problémakkal és gy taldlkoznak, ame-
lyek problémamegoldast varnak el tdliik (Pdlya) és elvezetnek a magasabb
matematikai Osszefiiggések felismerése felé (Varga Tamds)

Szerepet kapnak a torténeti aspektusok

A matematika széles korébdl valogatjuk a témdkat. Kapcsolédunk a tantervi
anyaghoz, de a témakat gy épitjiik fel, hogy azéltal kitekintést nyerhessenek
a tanuldk a mélyebb matematikai 6sszefiiggésekre. Az alapkészségek alac-
sonyabb szinvonala miatt az aritmetikai, szamelméleti és logikai jellegd fe-
ladatokat késGbbre helyezziik, és térgeometriai, fiiggvényekkel 0sszefiiggd,
adatkezelési problémakkal vezetjiik el a gyerekeket a matematikai 6sszefii-
ggések megértéséhez.

Képekkel iranyitott tanulas: az érdkon a gyerekek diasorozatot néznek, és
a maédszertani dtmutaté is a képekre épit, visszahat a tevékenységre, elére
mutat a szimbolikus szintre

Szamitégéphasznalat: kommunikacids eszkdz és informacidforras
Csoportmunka
Gazdag kommunikdacids hatdsok

A k6z6s munka szerkezete (online és face-to-face taldlkozasok keretében):
— A kisérleti tananyag kivélasztisa és elemzése

— A kivélasztott tananyag mddszertani feldolgozasa PowerPoint prezentacidk
formajaban, médszertani dtmutatdk elkészitése

— Az iskolai alkalmazds utdn a taniték beszdmoldja az orai tapasztalatokrdl, azok
megvitatdsa
— Elo6késziiletek az 1j szakaszra.

Tananyagkivélasztas

Olyan tantervi anyagokat vélasztottunk ki, amelyek a tanit6k szerint a tanuldk
szamara nagy nehézséget jelentenek, ezek

Meérés, mértékegységvaltas

Térbeli tdjékozddas

Szamolas, tizes-atlépés

Szoveges feladatok

Ervelés, allitdsok megvizsgalasa, a dontések indoklasa

A felsorolds tapasztalati lista, igen kiilonb6zd jellegd tanuldsi problémaékat
takar, ennek ellenére alkalmasnak l4tszott a négy szakasz tananyagdnak megter-
vezésére.
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A PowerPoint bemutaték diafilmszerdek voltak. E mtfaj kivalasztdsdban a
gyerekpszicholégusuk javaslataira tdmaszkodtunk, akik a gyerek képzelGereje és
gondolkodasi folyamatainak intenzivebb fejlesztése érdekében a mozgdképeket
csak kivételes esetekben javasoljik.

A diafilmek egy macicsaldd egyszerd kalandjai révén mutattdk meg azokat a
kontextusokat, amelyek érthet6vé teszik, jelentéssel telitik a gyerekeknek szént fe-
ladatokat. A diafilmek mintakat nyujtottak a targyi tevékenységre, pl az trtartalom
mérése sordn eldszor a macik mérték meg a kancsokat és a poharakat, majd a gy-
erekeket biztattdk ugyanerre, aminek a feltételeit a pedagégusok meg is teremtették.
A diak iigyességi jatékokra, pl. az egyenstlyi jatékra is példat mutattak. A képek
altal kivaltott élmények alapjan a tanitok beszélgettek a tanuldkkal, s6t révid, par
szavas irdsos beszdmoldkat is kértek téliik.

A forgatékonyvek MK dllitotta 6ssze, a szeretnivald, ugyanakkor erds, karak-
teres macifigurakat egy féiskolai hallgat6, Schlosszer Akos tervezte meg, és rajzolta
meg a didk kiilonboz$ valtozatait. Ezeket CD-re gytjtottiik és be fogom mutatni
az el6adas keretében.

A prezentéciok

A diafilmek tartalmat a kutatashoz késébb kapcsolédé pedagdgus igy irta le:

e A macko csaldd az étkezbasztalndl tedzik. Az asztalon van egy kancso, a
macké apuka nagy pohara, és a kismacké kis pohara. Macko apuka zavart
tekintettel széttdrja a kezét: “Vajon hdny kis pohdr viz fér a kancsoba? Tip-
peljétek meg!” A mackok teletoltik a kancsot. “Tiz pohdr viz fér a kancséba.
Es szerintetek?” Méricskélés, majd dsztonzés a sajdt kezii kisérletezésre.
Ezutdn oOsszegezziik a mért adatokat: “10 kispohdr viz = 1 kancsé viz,
5 nagypohdr viz = 1 kancso viz”, majd Osszefiiggéseket dllapitunk meg.”
“A kismackok szerint pontosan két kispohdr viz fér a nagyba.” “Mds po-
harakkal 18 kicsi, vagy pedig 6 nagy pohdrral lehetett megtolteni a kancsot.
Most hdny kispohdrral lehet teletolteni a nagyot?”

e Maciék Erdélyben, Kézdivdsdrhelyen nyaraltak és elutaztak a legkozelebbi
nagyvdrosba, Brassoba. Vonattal mentek. Maciéknak “nagyon tetszett az
utazds, ezért elhatdroztdk, hogy utazdsi iroddt fognak jdtszani. Jdtsszatok
Ti is! Nektek mennyibe keriil a jegy? Kik utaznak egyiitt?” A mackocsaldd
dobokockdval, véletlenszeriien donti el, hogy kik fogjdak alkotni a turistacso-
portokat. A neveket és a jegydrakat tabldzatba irjdak. Tippelnek, hogy kinek
mennyibe keriilnek a teljes, féldru és egyéb kedvezményes jegyek. Ezutdn ki
is szamoljdk.

e A mackdcsaldd kirdndulni megy, eziittal gyalog. Egymds szorakoztatdsdra
macko apuka kiilonbozo furmdnyos kérdéseket eszel ki. “Az it melyik
oldaldn van a fa?” Kismaci topreng, majd igy szol: “A menetirdny szer-
inti bal oldalon”. Egy titkeresztezddéshez érnek. “Macipapa uj feladvdnyt
eszelt ki. Ti meg tudjdtok oldani?” Feliilrdl ldtjuk a keresztezodést. Két
auto érkezik egymdssal szemben és egy irdnyban kanyarodnak el. Vajon
melyik kanyarodik jobbra?
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o Misem természetes, a mackocsaldad eziittal a szomszéd erddben lévd idokerék

felé veszi az iranyt, hogy “régmuiilt idokbe kirdnduljanak”. “Az okori Egyip-
tomban érdekes jeleket vettek észre”. Szerencséjiikre "segitségiikre sietett
egy irnok, aki elmagyardzta a jeleket". Beavatnak az okori egyiptomi
szdmirdsba, majd az irnok teszteli, hogy le tudjuk-e irni jol megszokott arab
szamainkat hieroglifdkkal. Szerencsére a megolddst is eldrulja, majd az
érdeklodoknek a szorzdst is megmutatja.

Mackoék az idbkerékbe pattanva Gorogorszdgba is elutaztak. Egy nagy és
két kis kocka csokirol macko apukdnak eszébe jutott a Pitagorasz-tétel. “Ha
van ez a két kicsi csoki meg ez a nagy, akkor mindegy, melyiket vdlasztom,
ugyanannyi csokit fogok kapni. Elhiszitek?” “A kismaci sajdt szemével
akarta ldmi, hogy tényleg igy van. Kapott macipapdtol papirnégyzeteket.
Macko apuka egyik datloja mentén félbevdgta a négyzeteket. "A macigyerek
meg addig tigyeskedett, amig kirakta a nagyot. Ti is megprobdljdatok?”

Ez utébbi feladathoz kapcsolva mutatok példat egy tanitéi beszamolora:
“Egyiitt néztiik tovabb a ppt-t a négyzetekrél. Nem akartdk elhinni, hogy
igaz az allitds. Csoportokban iiltek, megkaptak a 14 cm-es és a 10 cm-es
négyzeteket. Tették-vették, forgattdk, majd egyre tobben dllitottdk, hogy el
kellene vagni a kicsiket. Kaptak ollét, persze igy sem sokra mentek, mert
senki sem vagta atlésan. Konyorogtek, hogy ‘szabad a gazda’, aruljam mar
el a megoldast. Megmutattam.”

A gyerekek beszamoloikat igen tomoren fogalmaztak meg, most néhany olyan
példat idézek, amelyek a csoportban végzett matematikatanulas élményét elevenitik

fol, az 6romokkel és a konfliktusokkal egyiitt.

“Amikor Erik tonkretette a hdromszogemet, akkor mérges voltam. Nekem

sem volt j6 az Erikkel jatszani, hanem a Petivel.”
“Szégyen volt a csapat, mert Nilla és Zsolti veszekedtek.”
“Ugyesek és tiirelmesek voltak a tobbiek.”

“J6 volt Z-val dolgozni. Megbesz£€ltiik, amit csinaltunk.”
“J6 volt, hogy nem kellett egyediil dolgoznom.”

Matematikabdl tehetséges tanuldk megtalalasa

A program masodik részében a poliéderfogalom épitését kezdtiik meg. Minden
tanul6 sokat fejlédott, de a legtehetségesebbek képessé valtak igazan nehéz inverz

feladatok megoldésara is. Ezekre példat az el6adas keretében fogok mutatni.

Eredmények, tapasztalatok

e Tanulasi késziiltség

Meg kellett kiilonboztetni az iskolakésziiltséget €s a tanulasi késziiltséget.
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Az iskolakésziiltség elvar elég gazdag szdkincset, elemi szdmol4si is-
mereteket, az irds-olvasds funkcidjdnak ismeretét (olyan tapasztalatokat,
ami alapjan a gyerekek tudjdk, hogy irni-olvasni j6 €s hasznos), monotdniatii-
rést — hiszen a kozos munkdnak ezek jo feltételeit jelentik és a tanuldk je-
lentSs része ezeknek az igényeknek képes is megfelelni.

A tanulédsi késziiltség Bruner szerint mast jelent, jelenti a kivanc-
sisagot, a figyelem képességét, az értelmi képességek elégséges fejlettségét
az {rds megtanuldsdhoz, a sajat élmények megfogalmazasinak képességét
(Bruner, J. Kenney, H., 1965). A nyelvi hatranyokkal kiizd gyerekek
e téren altaldban nincsenek lemaradva, ezért tudtak a cselekvésbe dgya-
zott, az e korosztaly szamara egyébként nehéz problémakat is megoldani,
pl. KRESZ vizsgdhoz hasonld kérdéseket az titkeresztez6désekben kan-
yarodé autdkrol.

Az alkalmazott motivéacids vizsgdlat, az OMT (Kuhl, 1999) teszt alapjan
az egyébként gyengén teljesits tanuldk nagy része is rendelkeznek a tanulas-
hoz sziikséges belsd feltételekkel, de az intellektualis technikdkban, iras-
olvasés-szdmolds gyakorlatlanok
A tanul6k gyakran nem értik a pedagégusok szavait, mégsem kérdeznek.
A norvég kutatissal, amelyben norvég és bevandorlé gyerekek, 9 évesek
matematikatanuldsat vizsgaltak, egyezd tapasztalat, a problémak megfogal-
mazdsdhoz és a kérés kimonddsidhoz az ebben az életkorban elvarhaténal
joval fejlettebb kommunikacids képességre volna sziikség, itt pedig éppen
annak alacsonyabb szinvonala bizonyosodott be.

A gyerekek szd- és fogalomkészlete a tantervekben feltételezettnél joval
alacsonyabb, ez kiilon segitség nélkiil tanuldsi kudarchoz vezet, viszont
tdmogatds esetén a gyerekek kivancsiak és nagy orommel tanulnak uj
szavakat, épitenek fel 4j fogalmakat.

A tanulok nagy tobbsége 6rommel fogadta a matematikatorténetet. Szivesen
ismerkedtek az egyiptomi hieroglifakkal, nagyon biiszkék voltak rd, hogy
6k ilyen kiilonleges dolgokat is tanulnak. A tanitok egy része a felkésziilést
az atlagosndl nehezebbnek tartotta, de a gyerekek aktivitisdval mindenki
meg volt elégedve.

A gyerekek szivesen végezték a cselekvéses problémamegoldast a jatékos,
meseszerd keretben, ennek f6 segédeszkoze a ppt volt, pl. a mértékegységek
szivesen valtottak 4t, mértek, ugy, hogy el6tte megbecsiilték az eredményt,
majd Osszehasonlitottdk a mért és a becsiilt értéket. A csoportmunka
csokkentette a fesziiltségeket.

A tanitoik atlattak az oktatisi folyamat matematikai tartalmat, és reflektiv
médon mas teriileteken is alkalmaztak tapasztalataikat, pl. az anyanyelv
ordk utin is megkérték a gyerekeket, hogy sajét szavaikkal meséljék el, mit
tanultak az 6ran..

A matematika és a hétkoznapi élet hatdrteriiletén taldlhat6 szavak, pl. él-
lap-cstics esetében szinte minden vizsgalt tanulé esetében nagy volt a bi-
zonytalansdg. A cselekvésbe dgyazott problémamegoldéds esetében eset-
tanulmanyunkban, végiil minden tanul6 eljutott a j6 leszdmoldsi algorit-
mushoz, a legtehetségesebbek pedig nehéz inverz feladatot is képesek voltak



Képekre épulé matematikatanulas 129

onélléan, j6l megoldani. A tehetséges tanuldk szdméra a pedagégusokkal
egyiitt kerestiik a fejlesztés lehetSségét az adott feltételek kozott. (Iskolan
beliil érdemes a kotelezd tananyag keretein beliil maradni és kozben al-
kalmat taldlni a felmeriil6 problémak alaposabb megbeszélésére, ennek
igényének fejlesztésére és keresni kell a lehetGséget iskoldn kiviili pro-
gramokban vald részvételre.)

e Bevilt az IKT, vagyis az informécidés és kommunikdcids eszkozok alka-
Imazésa. Szamit6gép és internet nélkiil nem is tudtunk volna egyiittmikodni,
de a kisérleti 6rakon is nélkiilozhetetlen volt legalabb egy kisteljesitményd
2ép.

o Kialakult és mikodott a tanitok virtudlis és kozvetlen kapcsolatokon ala-
puld kozossége.

Kovetkeztetések

o A gyerekek szivesen fogadtdk a programot. Konkrétabba vilt a motivacidjuk.
Mig korabban is tapasztalhat6 volt a személyiség gazdag motivacios rend-
szere és a j6 tanulmdanyi eredmény irdnti vagyuk, most ez kiterjedt a tandrai
tanulasra is, 6romteli élményt jelentett tobbségiik szamara is varjak a foly-
tatést.

e A pedagdgusok szivesen vették részt a fejlesztési folyamatban, kreativ
médon bekapcsolddtak, a tapasztalataik sok elemét képesek alkalmazni
munkdjuk mas teriiletein is. A korabban csak {innepinek tartott mddsz-
ertani megoldasokat, IKT, csoportmunka, részben kotott beszélgetése az
adott nehéz koriilmények kozott is alkalmazhaténak tartjak és sikeresen
alkalmazzk is.

e hatédsok tartdssaga és elterjeszthetGsége megkivanja, hogy a tananyag jol
kivalasztott részeit kiils§ szakemberek dolgozzak fel €s a tanitok folyamatos
konzulticids lehetGséget kapjanak a munka kozben felmeriil§ problémék
megbeszélésére.

Osszefoglalva

Szivesebben és jobban dolgoztak a didkok, mint kordbban — ez szinte barmi-
lyen oktatdsi kisérletben igy van, ami a munkdnkat mégis megkiilonbozteti:
felszinre keriiltek a kommunikacids problémak €s vilagossa valt, hogy a tarsadalmi
hatrdnyokbdl szarmazé akadalyok csokkentésére nincsenek kidolgozott matem-
atikatanitasi médszerek. Az értelmi sériiltek szamara Osszedllitott fejlesztS pro-
gramok nem alkalmazhatéak, hiszen a probléma alapvetden mas. Az egészségesen
fejléds, de tanulasi akadalyokkal kiizd§ gyerekeknek sajatos, a szoveg €s a sz-
itudciok megértését segits, de intellektudlisan nagy kihivést jelentS feladatokra
van sziikségiik. Az 6rai kommunikacids folyamatok elemzésével és az arra €piilé
modszertanok kidolgozédsdval segithetjiik, hogy a tanuldk eljussanak a matematikai
fogalmak és 0sszefiiggések mély megértéséhez, a legtehetségesebbek pedig a nehéz
problémék megoldasahoz is.
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Z. igro v svet verjetnosti

Mara Cotic i Darjo Felda

Univerza na Primorskem, Pedagoska fakulteta Koper, Slovenia

Povzetek. Verjetnost je matematicna vsebina, ki so se jo ucenci v
Sloveniji glede na vecino drugih drzav zaceli uciti razmeroma pozno
(v srednji Soli), in Se to v vedini srednjih Sol le na formalni ravni.
V novem ucnem nacrtu matematike za devetletno osnovno $olo je ta
vsebina vpeljana Ze v osnovni $oli.

Danasnji Clovek zivi v hitro spreminjajoem se svetu in se mora
vedno pogosteje soocati z novimi in negotovimi situacijami. Otroka,
bodocega odraslega, moramo pripraviti na ta svet tako, da ga bo znal
kriti¢no interpretirati in zavestno delovati v njem. Zato je potrebna
abeceda verjetnosti, ki zahteva poseben nacin miSljenja, tuj deter-
ministiénemu na¢inu misljenja, prevladujo¢emu v nasih Solah. Tudi
odrasli, ki so bili delezni taksne Solske izobrazbe, velikokrat naletijo
na teZave pri dojemanju osnovnih pojmov iz verjetnosti, saj dvova-
lentna logika (narobe/prav, je res/ni res) odpove. Z raziskavo smo
prisli do zakljucka, da ucenec Ze na razredni stopnji na intuitivnem
oziroma izkustvenem nivoju preko igre dobro sprejema in usvaja
najelementarnejSe koncepte verjetnosti.

Ucenje verjetnosti v osnovni Soli ni eksplicitno in formalno,
ampak je zgolj sistemati¢no pridobivanje izkuSenj, na podlagi katerih
bomo kasneje (v srednji $oli) uéinkoviteje poucevali verjetnost. Zato
v osnovnoSolskem programu pri pouku matematike ne govorimo o
formalni definiciji verjetnosti, ampak ucenca pripravljamo na kasnejSo
matemati¢no analizo slucajnih dogodkov z didakti¢nimi igrami in s
smiselno stopnjevanimi drugimi dejavnostmi. Ucenec opiSe, kaj se
mu zdi mogoce oziroma nemogoce; razlikuje med gotovim, slucajnim
in nemogocim dogodkom; primerja med seboj verjetnosti sluc¢ajnih
dogodkov; pri preprostih igrah na sreo postavlja smiselne hipoteze in
jih skuSa podpreti z izkuSnjami. .. Ucenec naj bi namre¢ pridobival
izku$nje s slu¢ajnimi dogodki in razvijal sposobnosti predvidevanja le-
teh predvsem preko igre. Z nivoja sprejemanja negotovosti naj bi preko
nivoja predvidevanja dogodka presel do nivoja primerjanja verjetnosti,
preden bi kasneje (v srednji Soli) dojel statisti¢no in klasi¢no definicijo
verjetnosti.

Kljucne besede: devetletna osnovna Sola, didakti¢na igra, de-
javnosti, ucenje verjetnosti, gotov, nemogo¢ in slucajen dogodek.
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Uvod

V osnovni $oli ne poucujemo verjetnosti v eksplicitnem in formalnem smislu,
pac pa je postopno ucenje verjetnosti zgolj sistemati¢no pridobivanje izkuSenj,
ki bodo otroku koristile zlasti v srednji Soli, ko bo spoznaval formalne vsebine
verjetnosti. Podrocje verjetnosti je namre¢ z vidika poucevanja in ucenja zelo
zahtevno. Kljub dejansko neopore¢nemu pouku imajo srednjeSolci in Studen-
tje pogosto izkrivljene predstave o verjetnosti. V osnovnosolskem programu pri
pouku matematike ne govorimo o formalni definiciji verjetnosti, ne omenjamo ne
klasi¢ne ne statisticne definicije verjetnosti. Verjetnosti niti ne raCunamo, ampak
ucence na podlagi intuicije in ludizma pripravljamo, da bodo na kasnejSi stopnji
Solanja znali matemati¢no analizirati slu¢ajne dogodke. Podobno kot pri kombi-
natoriki torej tudi pri teh vsebinah ne preseZemo izkustvenega nivoja. Uenec naj
bi s smiselno stopnjevanimi aktivnostmi pridobival izku$nje s slu¢ajnimi dogodki
in si pri tem pridobil koncepte, principe in sposobnosti predvidevanja pri sluc¢ajnih
dogodkih, kar je v danasnjem svetu, ki je poln negotovosti in nepredvidljivosti, zelo
pomemben cilj. ¢lovek se mora namre€ znati “spopasti” z negotovimi situacijami,
jih znati predvideti in se znati odlociti med razli¢nimi alternativami ter na koncu
znati reSiti probleme, ki ne morejo biti reSeni z dvovalentno logiko, oziroma kot
pravi Fischbein: “razviti miSljenje, ki je druga¢no od deterministi¢nega misljenja”
(Fischbein, 1984, str. 35).

Ucni cilji pri verjetnosti v prvem triletju

Ucenec naj bi na zacetku Solanja (v prvem triletju) preko igre in razli¢nih
drugih dejavnosti dosegel naslednje cilje:

— opise, kaj je zanj mogoce oziroma nemogoce;

— razlikuje med gotovim, sluc¢ajnim in nemogoc¢im dogodkom;

— v okviru prakti¢nih aktivnosti (met kocke, Zreb, met kovanca) smiselno in
dosledno uporablja izraze: mogoce, nemogoce, ne vem, morda, je mozno, ni
mozno, slu¢ajno, manj verjetno, enako verjetno, bolj verjetno;

— primerja med seboj verjetnosti raznih dogodkov;

— pri preprostih igrah na sreco postavlja smiselne hipoteze in jih skuSa podpreti
z izku$njami;

— zapisuje izide slu¢ajnih dogodkov (pri metu kocke, kovanca) v preglednico in
s histogramom (Cotic¢, 1998).

Nivoji, ki vodijo do klasi¢ne definicije verjetnosti

Ni dovolj samo razloziti, zakaj mora “verjetnost” dobiti prostor v novih pro-
gramih za matematiko. Pokazati moramo tudi, na kakSen nacin jo vpeljemo.
Spodnja shema nam prikazuje, katere nivoje naj bi u¢enec prehodil, da bi v srednji
Soli dojel klasi¢no in statisticno definicijo verjetnosti.
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POSKUS

GOTOV SLUCAJEN NEMOGOC
DOGODEK DOGODEK DOGODEK

‘ SPREJETI NEGOTOVOST ‘

¢

‘ ZNATI PREDVIDETI ‘

!

‘ PRIMERJATI VERJETNOST ‘

!

‘ STATISTICNO POJMOVANJE ‘

UPORABLIJATI KLASICNO DEFINICIJO VERJETNOSTI

IZPELJATI ELEMENTARNE OCENITVE VERJETNOSTI
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Slika 1. Nivoji pri verjetnosti.

Sprejeti negotovost

V prvem koraku v svet verjetnosti vodimo otroka, da sprejme brez vznemirjenja
negotove situacije: torej h konceptu slucajnega dogodka. Po Piagetovi razvojni
teoriji 6- do 7-letni otrok ne samo da nima jasne predstave o verjetnosti nekega
dogodka, ampak tudi ne razlikuje med slucajnimi in neslu¢ajnimi dogodki, cetudi
jih je sam doZivel. Otrok teZi k temu, da pripisuje namernost tudi predmetom in
pojavom, ne samo ljudem; na primer: “Sonce je na nebu zato, da me greje; morje
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valovi zato, da bi premikalo ladje...” Ni¢ se ne zgodi slucajno, vse je hoteno,
nacértovano, doloceno. Sprejeti slu¢ajen dogodek ni torej samo kognitiven, ampak
za otroka tudi afektiven problem, saj vsako negotovost sprejme s tesnobo. Otrok
naj bi se pocasi zacel zavedati, da neki dogodek ni samo gotov ali nemogo¢, ampak
da je lahko slucajen. Najbolj postopno lahko ta naredimo z razli¢nimi igrami,
pri katerih je pomembna “sreca” (¢lovek ne jezi se, Tombola. .. ) in sposobnost
znati izbrati med razli¢nimi moZnostmi tisto, ki nudi najvecjo verjetnost za zmago
(Vrtavka, Igralne karte. . . ).

Znati predvideti

LEENT)

Pojme “gotovo”, “slucajno” in “nemogoce” pri ucencu najprej gradimo z ra-
zlicnimi dejavnostmi, v Katerih je sam udelezen. Veliko didaktikov matematike
to opisuje kot subjektivno verjetnost, ki je izhodiS€e za kasnejSe razumevanje
empiri¢ne in matemati¢ne verjetnosti. Otrok pri vsakdanjih dogodkih pravilno
uporablja besede zagotovo, ni mogoce, nemogoce, mogoce, slu¢ajno: “Popoldne
bom Sel mogoce v kino. Prestolnica Slovenije je zagotovo Ljubljana. Nemogoce
je, da bi bil ez eno uro na planetu Jupiter.”

Ti koncepti so tako preprosti, da je odrasel ¢lovek preprican, da jih tudi otrok
razume, vendar pa pri tem pozablja, da otrok najveckrat nemogoce enaci z narobe,
mogoce pa z zagotovo in prav (Fischbain, 1975).

Slika 2. Mogoce, nemogoce.

Ni dovolj, da u¢encu ponudimo samo take situacije, ki se zgodijo neodvisno od
njega (npr. opazovanje vremena, Stetje dolo¢enih znamk avtomobilov. . . ), ampak
predvsem situacije, ki jih uenec obvladuje, in ki nudijo moZnost, da jih lahko
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veCkrat ponovimo pod enakimi pogoji (met kocke, Zreb, met kovanca. .. ), da bo
lahko po veckratnih izku$njah npr. zakljucil (Fischbain, 1985):

— Ce vrzem kocko, zagotovo "pade" Stevilo, manjSe od sedem.

— Nemogoce je, da vrZzem deset.

— Mogoce vrZzem ena.

Izvleci barvico iz longka.
Ali bo$ izviekel rdeto?
Podertaj pravilni odgovor.

MOGOCE | NEMOGOCE |ZAGOTOVO |

Slika 3. Mogoce, nemogoce, zagotovo.

Sprejeti negotovost pomeni tudi sprejeti dejstvo, da se predvideni dogodek ne
zgodi. Zato je nujno z ucencem izvajati take aktivnosti, ki mu nudijo moZnost, da
napoveduje verjetnost dogodkov v negotovih slucajih. Svoje napovedi nato preveri
ter ugotovi, da ni nujno, da se njegova napoved uresni¢i. Kot smo omenili, naj
bi ucenec sprejel izid brez razburjenja, ne glede na to, ali se je zgodilo, kar je
predvidel, ali ne. Povejmo primera:

Primer 1: 'V vrecki imas 15 ¢rnih in 6 rumenih Zogic. Kaksne barve je lahko
izvledena Zogica? Katere barve Zogico si izvlekel?

Primer 2: Vvrecki je 1 rumena, 1 rdeca in 1 modra kocka. Napovej, kaksne barve
Jje lahko kocka, ko vlecCes prvi¢; kaksne barve ne more biti kocka, ko
vileces drugic; in kaksne barve bo zagotovo kocka, ko vieces tretjic. Pri
tem izvleCene kocke ne vracas v vrecko. V kaksnem vrstnem redu si
izvlekel kocke?

Po Piagetu in Inhelderjevi (1951) otrok, ki se nahaja v operativno-konkretnem
obdobju, ni sposoben lociti med gotovimi in sluc¢ajnimi dogodki in niti formuli-
rati napovedi upoStevajo€ izkuSnje prejSnjih analognih situacij. Njegovi kriteriji
velikokrat temeljijo na kriteriju ponavljanja (Ce je zadnja izvleCena kocka rdeca,
bo tudi naslednja rdeca) oziroma na kriteriju kompenzacije (barva izvlecene kocke
mora biti take barve, ki Se ni bila izvle¢ena). To otrokovo ravnanje je determini-
rano z afektivno motivacijo, z zaupanjem v pravilnost njegove izbire, s potrebo po
pravilnosti in redu in z dodelitvijo namernosti elementom (v nasem primeru kock)
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(Piaget, Inhelder, 1951). Zelo pomembno je torej, da u¢enec ponovi poskus veckrat
pod enakimi pogoji, saj se bo samo na tak nacin zavedal, da je mozno formulirati
napovedi, ki niso subjektivne (Coti¢, Hodnik, 1995).

Primerjati verjetnosti

Pojem verjetnosti se torej na zaCetku pri u€encu gradi kot sposobnost ob-
vladovanja slucajnih dogodkov. Seveda ta razvoj bazira na izkusnji, saj bo ucenec
prav preko izkusnje najprej lo¢il med gotovim, sluc¢ajnim in nemogoc¢im dogodkom.
Nato pa se bo zacel zavedati, da so med sluc¢ajnimi dogodki nekateri bolj verjetni,
drugi manj verjetni ali pa enako verjetni. Ucenec je tako vpeljan v kvalitativno
ocenitev verjetnosti slucajnega dogodka.

V primeru vrecke, v kateri je 20 rdecih, 5 belih in 1 ¢rna kroglica, obstajajo
dogodki, ki so malo verjetni, ampak verjetni (izvleka ¢rne kroglice) in zelo ver-
jetni, ampak ne gotovi (izvleka rdece kroglice). Nujno je torej u¢encem predlagati
igre, ki nudijo moZnost, da primerjajo take slucajne dogodke, ki imajo razlicne
verjetnosti, da se zgodijo. To so, kot Ze vemo, igre s kockami, kartami, kovanci. . .
Ucenec seveda kriterije za postavljanje svojih hipotez gradi pocasi in postopno,
tako da poskus velikokrat ponovi pod enakimi pogoji. Poudariti moramo, da je
pri tovrstnih aktivnostih (poskusih) poudarek na delu v skupinah (dogovarjanje,
razdelitev dela, koordinacija v skupini, komuniciranje v skupini).

Tako ga pocasi vpeljujemo v statisticno pojmovanje verjetnosti.

There are some candies in
the bag. What colour will the
drawn candy be?

Most probably the drawn
candy will be

Least probably the drawn
candy will be

Slika 4. Uc€enec primerja verjetnosti.

Statisticno pojmovanje verjetnosti

Ucitelj naj v razred prinese na primer posodo z bonboni (Zetoni, Zogicami. . . )
razliénih barv. Ucenci naj preStejejo bonbone posameznih barv, preden jih dajo
v posodo. Na osnovi vedenja, koliko bonbonov dolocene barve je v posodi, naj
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ucenci postavljajo hipoteze glede verjetnosti razlicnih dogodkov. U¢itelj naj nato
z ucenci na empiri¢en nacin preveri odgovore. Ne da bi gledal, naj vsak ucenec
izvleCe iz posode bonbon, in izid zapise v preglednico. Nato bonbon vrne v posodo.
Poskus naj u€enci pod enakimi pogoji velikokrat (na primer 100 krat) ponovijo.
Ucenci bodo z uciteljevo pomocjo ugotovili, da se pri neprestanem povecevanju
Stevila poskusov relativna frekvenca dogodka Cedalje bolj bliza nekemu Stevilu.
S tem Stevilom merimo verjetnost dogodka. Seveda bodo uenci to ugotovitev
povedali s svojimi besedami.

Sklep

V prvem triletju torej pri verjetnosti izhajamo iz subjektivne verjetnosti. O sub-
jektivnem doZivljanju verjetnosti je potrebno z otroki govoriti ter uskladiti opisne
nacine njenega izrazanja. Pri pouku matematike v prvem triletju morajo ucenci
z reflektiranimi izkusnjami priti do spoznanja, da tudi za slucajne pojave veljajo
dolocene zakonitosti. Tako preidemo na empiricno pojmovanje verjetnosti. V
kasnejsih letih Solanja pa naj bi se ucenci pocasi in postopoma srecali Ze z neko-
liko zahtevnejSimi ocenitvami verjetnosti, kjer moramo najprej sistematic¢no reSiti
kombinatori¢ni problem, da lahko na podlagi analize kombinatori¢nih prikazov
napovemo izid oziroma izpeljemo elementarno ocenitev verjetnosti, ki Ze vodi h
klasi¢ni definiciji verjetnosti. Ucenec tako pocasi, ampak progresivno, spoznava
preproste zakonitosti iz sveta verjetnosti, ki se mu je zdel na zacetku popolnoma
nepredvidljiv in celo negotov. Pri poucevanju verjetnosti se moramo zavedati,
da je pojem verjetnosti v matematiki vedno zavzemal posebno mesto, saj je zelo
tezko opredeljiv s strogostjo, ki jo zahtevajo vse druge matematicne discipline.
Celo veliki matematik Laplace je o verjetnosti zapisal: “Zares je neverjetno, da je
disciplina, katere korenine izhajajo iz proucevanja hazarda oziroma iger na sreco
postala ena najpomembnejSih matemati¢nih disciplin.”
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Sikidomok alkotasa, valogatasa
4. osztalyban

Szilagyiné Szinger Ibolya

Eo6tvos Jozsef Foiskola, Matematika és Szamitastechnika Tanszék, Baja, Hungary

(Poszter)

Osszefoglalé. A magyar geometriaoktatds az elsé négy évfolya-
mon alapozé jellegd, célja az altalanos iskola kezd$ szakaszan azon
képességek fejlesztése, melyek segitségével a tanuldk felkésziilnek az
0nall6 ismeretszerzésre. A geometria tanuldsanak alapja a tapasztalat-
szerzésbdl kiinduld induktiv megismerés. A konkrétb6l val6 kiindulas,
a sokféle tevékenységbdl szarmazo tapasztalat 6sszegydjtése vezet el
az ltaldnosabb Osszefiiggések megfogalmazasaig.

Néhany geometriai fogalom (téglalap, négyzet, parhuzamossag,
merGlegesség, szimmetria) fejlGdését vizsgaltuk egy negyedik osztélyos
fejleszt§ oktatdsi kisérlet soran, amelynek célja a van Hiele-modell
szerinti geometriaoktatds megvaldsitdsa. Az Ordk tervezésekor azt
tartottuk szem elGtt, hogy a gyerekek el6bb konkrét tapasztalatok
alapjan, valésagos jatékok keretében, targyi tevékenykedés kozben,
majd vizuélis sikon (rajzolds), végiil absztrakt, nyelvi sikon fedezzék
fel az elsajdtitand6 geometriai fogalmakat.

Az elGadasban kiilonb6z8 sikidomok alkotdsaval, valogatasaval
kapcsolatos feladatokat mutatunk be. Vazoljuk ezek feldolgozasit,
ismertetiink egyéni gondolatokat, megoldasi modokat. A tanitasi
kisérlet alatt ebben a témdaban felmeriil6 néhany tipikus problémara,
gondolkodasi hibara is ravilagitunk.

Kulcsszavak: matematikatanitas, sikidomok alkotdsa, sikidomok
véalogatdsa

A magyar geometriaoktatds az els§ négy évfolyamon alapozé jellegd, célja az
altalanos iskola kezdd szakaszan azon képességek fejlesztése, melyek segitségével
a tanulok felkésziilnek az 6nall6 ismeretszerzésre. A geometria tanuldsanak alapja
a tapasztalatszerzésbdl kiindulé induktiv megismerés. A konkrétbdl valé kiindulas,
a sokféle tevékenységbdl szarmazd tapasztalat 6sszegydjtése vezet el az altalanos-
abb Osszefliggések megfogalmazasaig. Bolyai Farkas harmadik nevelési féelve is a
konkréttal valé kezdés fontossagat emeli ki: ,,mindég azokon kezdje, a’mit l4that,
foghat, nem generalis definitickon (nem grammatican kezdddik az elsd szollds); ’s
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ne kinozzon idd el6tt hiaba, hosszu soru okmutatassal. ... Geometriai formakon s
az olvaséason kell kezdeni . .. ki kell a lapbdl is menni . .. "

Egy negyedik osztélyos fejlesztd oktatasi kisérlet soran foglalkoztunk - tobbek
kozott - kiilonbozd sikidomok alkotasaval, amelynek célja a van Hiele-modell szer-
inti geometriaoktatds megvaldsitdsa. Az 6rdk tervezésekor azt tartottuk szem eldtt,
hogy a gyerekek el6bb konkrét tapasztalatok alapjan, valésdgos jatékok keretében,
targyi tevékenykedés kozben, majd vizuélis sikon (rajzolds), végiil absztrakt, nyelvi
sikon fedezzék fel az elsajititandé geometriai fogalmakat.

P. H. van Hiele a geometriai ismeretszerzés folyamatat 5 szintre tagolta.

Az alakzatok globdlis megismerésének szintjén (1. szint) a gyerek a geome-
triai alakzatokat mint egységes egészet fogja fel. Konnyen felismeri a kiilonb6zd
alakzatokat a formdjuk alapjan, megtanulja az alakzatok nevét, nem fogja fel azon-
ban az alakzatnak €s részeinek kapcsolatat. Nem ismeri fel a kockaban a téglatestet,
a négyzetben a téglalapot, mert szamara ezek egészen kiilonb6z6 dolgok.

Az alakzatok elemzésének szintjén (2. szint) a gyermek az alakzatokat részeire
bontja, majd Osszerakja. Felismeri a mértani testek lapjait, éleit, csicsait. A
mértani testek lapjaiként a sikidomokat, amelyeket gorbék, szakaszok, pontok
hatarolnak. Fontos szerepet kap ezen a szinten a megfigyelés, a mérés, a ha-
jtogatds, a ragasztds, a rajzolds, a modellezés, a parkettizas, a tiikorhasznalat
stb. Ezen konkrét tevékenységek segitségével a tanulé megallapitja, felsorolja az
alakzat tulajdonsagait (lapok, illetve oldalak parhuzamossdga, merdlegessége, sz-
immetriatulajdonsagok, van derékszoge stb.), de nem definidl és a tulajdonsdagok
kozotti logikai kapcsolatokat még nem ismeri fel. Ezen a szinten még nem veszi
észre a gyerek az alakzatok kozotti kapesolatokat.

A lokdlis logikai rendezés szintjén (3. szint) a tanuld mar Osszefliggéseket
lat meg egy adott alakzat tulajdonsdgai kozott illetve kiilonbozd alakzatok kozott.
Megjelenik a kovetkeztetés lehetGsége az alakzatok egyik tulajdonsdgardl a masikra.
Megérti a meghatdrozds, a definicié szerepét. A logikai kovetkeztetések menetét
azonban a tankonyv (illetve a tandr) hatdrozza meg. Megkezdddik a bizonyitasi
igény kialakitdsa, de ez csak az alakzatokra terjed ki.

A negyedik (torekvés a teljes logikai felépitésre) és 6todik (axiomatikus
felépités) szinteknek megfeleld oktatds a kozépiskola és a felsGoktatds feladata.

Az 6rék tervezése sordn azt tartottuk szem el6tt, hogy a gyerekek el6bb konkrét
tapasztalatok alapjan, valésagos jatékok keretében, targyi tevékenykedés kozben,
majd vizudlis sikon (rajzolds), végiil absztrakt, nyelvi sikon fedezzék fel az el-
sajatitandé geometriai fogalmakat.

Feladatok konkrét targyi tevékenységre:

1. Téglalap kettévagasa az dtl6jamentén. Azigy kapott haromszdgek dsszeilleszté-
sébdl djabb sikidomok alkotdsa, megnevezésiik. Tapasztalatgytjtés a sikidomo-
krél, megfigyelések megfogalmazasa.
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Papirbdl szabadon kivagott sikidomok eldallitdsa. Tulajdonsdgaik megfogal-
mazasa.

A logikai készlet 2, 3, 4, illetve 6 szabalyos haromszogébdl sikidomok alkotasa.
Papircsikbdl egy-egy vagassal kiilonbozs sikidomok elGallitdsa. Megnevezésiik.
Tulajdonsagok, kozos tulajdonsagok megfogalmazasa.

Téglalapbdl altalanos rombusz kivagasa. Tulajdonsagai.

Téglalapbdl éltaldnos deltoid kivagdsa. Tulajdonsédgai.

6 gyufaszdlbdl téglalap, majd altaldnos paralelogramma , keretének” elkészitése.
A téglalap és a paralelogramma tulajdonsigainak 0sszehasonlitdsa.

4 gyufaszalbdl négyzet, majd 4ltaldnos rombusz ,keretének” 1étrehozdsa. A
négyzet és a rombusz tulajdonsagainak 6sszehasonlitdsa.

Téglalapbdl egy vagédssal 2 téglalap, egy oOtszog és egy haromszog, egy

ps

haromszog és egy négyszog, 2 négyszdg, 2 hairomszog eldéllitasa.

10. Sikidomok valogatasa adott tulajdonsagok alapjan.

Feladatok vizualis sikon:

AR B

6.

Pontracson négyzetek rajzoléasa.

Pontréacson kiilénb6z8 négyszogek rajzolasa.

Pontracson kiilénb6zé haromszogek rajzolasa.

Adott tulajdonsagu négyszogek rajzolésa.

Sikidomok rajzoldsa, amelyeknek nincs, pontosan 1, 2, 3, illetve 4 szimmetri-
atengelye van.

Adott feltételeknek megfeleld sikidomok rajzolasa.

Egy sokszdgekkel kapcsolatos feladat sordn tette fel Kornél a kdvetkezd kérdést:

,»A sokszogekhez tartoznak azok is, amelyeknek két szoge van?”
A tanité megkérdezte:

,» Tudsz olyant rajzolni?”

. Igen tudok.” - valaszolta Kornél €s rajzolt egy félkort.

A tanité a rajz lattan a kovetkezGt kérdezte.

,»A sokszogeket hatdrolhatja gorbe vonal?”

A tanit6 ezen felvetésére elgondolkodott, majd azt vilaszolta:

., Hdt nem! Csak egyenes vonal, akkor ez nem is sokszog.”

Absztrakt, nyelvi sik

A gyerekek kedvelt jatéka a barkéba, amely - tobbek kozott - a testek,

sikidomok tulajdonsagainak gyakorlaséra, rogzitésére is alkalmas. Egy ilyen jaték
sordn a szimmetrikus trapézt kellett kitalalniuk. A tanuldk kérdései és a jatékvezetdi
véalaszok igy kovették egymadst:

— Négyszog?
— Igen.
— Szemben levd oldalai pdrhuzamosak?
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— Nem.

Itt a tanit6nd érezte, hogy segitenie kell:

— Ezt a kérdést mdsképpen is megfogalmazhatjuk: mindegyik szemben
levd oldalpdrja pdrhuzamos? Erre mondtam, hogy nem.

— Vannak pdrhuzamos oldalai?

— Igen.

— Van derékszoge?

— Nincs.

— Oldalai egyformdk?

— Ezt ugy is kérdezhetjiik — segitett ismét a tanitond —, hogy mindegyik
oldala egyenld? Nem.

— Vannak egyenld hosszi oldalai?

— Igen. Aki mdr tudja, rajzolja le! Aki még nem, kérdezzen!

— Szimmetrikus?

— Igen.

— 1 tiikortengelye van?

— Igen.

Ezek utdn a tabléra is felrajzoltuk a keresett sikidomot.

Az alsé tagozatos (1-4. osztdly) geometriaoktatidsban a geometriai gondo-

lkodas van Hiele-féle szintjeinek els§ két fazisa valésithaté meg. A harmadik szin-
tre nem lehet 4tlépni az alsé tagozat végére. Kialakulnak ugyan fogalomosztalyok,
de nincs kiilonosebb kapcsolat koztiik. Egy alakzat tulajdonsidgai kozotti logikai
kapcsolatokat még nem ismerik fel a gyerekek. Nem tudnak kovetkeztetni az
alakzatok egyik tulajdonsagardl a masikra.

Kontaktus cim:

Dr. Szilagyiné Szinger Ibolya, fGiskolai adjunktus
Eotvos Jozsef Féiskola

Matematika és Szamitdstechnika Tanszék

H - 6 500 Baja, Szegedi tt 2., Hungary

e-mail: szilagyine.szinger.ibolya@ejf.hu
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A nulla fogalma 7-12 éves korban

Eva Kopasz

Eoétvds Jozsef Féiskola, Baja, Hungary

(Poszter)

Osszefoglalé. Az elmiilt években tobb alkalommal vizsgdlédtam
anulla fogalmaval kapcsolatban a bajai tanitoképzds hallgatok korében.
Jelentkeztek tipushibdk.

Azidei tanévben altalanos iskolas gyermekek korében vizsgalddtam.
Arra voltam kivéncsi, hogyan fejlédik az iskolai tanitds keretében a
nulla fogalma. Ezt 6sszevetem a korabbi informacidkkal.

Irasbeli felmérést végeztettem a bajai Eotvos Jézsef Féiskola

Gyakorlé Altaldnos Iskoldjanak egy-egy mdsodik, harmadik, ne-
gyedik, 6todik és hatodik osztdlydban. A feladatlapokon kiilonb6zé
alapmiveletek szerepeltek, amelyekben valamelyik tag vagy tényezd
nulla volt., azonos szdmok kozé miveleti jel kirakasa, hogy az
eredmény nulla legyen, nulldval kapcsolatos allitdsok igaz — hamis
voltanak eldontése, esszé a nullar6l. Ennek tapasztalatairdl szeretnék
beszdmolni.

Kulcsszavak: matematikatanitds, a nulla fogalma

Kontaktus cim:

Eva Kopasz, féiskolai docens
Matematika és Szamitastechnika Tanszék
Eotvos Jozsef Féiskola

Szegedi iit 2, H— 6 500 Baja,

e-mail: kopasz.eva@ejf.hu
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Matematicki zahtjevi u PISA zadacima

Dubravka Glasnovi¢ Gracin

Uciteljski fakultet, Sveucilite u Zagrebu, Hrvatska

SazZetak. U radu su prikazani rezultati metodiCke analize PISA
zadataka iz podru¢ja matematicke pismenosti. Analiza je provedena
na 26 objavljenih PISA zadataka iz podru¢ja matematicke pismenosti,
koji predstavljaju ogledni presjek testnih PISA matematickih zadataka.
Rezultati analize nadalje su povezani s ishodom PISA testiranja
hrvatskih u€enika 2006. godine.

Istrazivanjem su se nastojali utvrditi matematicki zahtjevi u ob-
javljenim PISA zadacima te u kojoj mjeri ti zahtjevi odgovaraju
zahtjevima nastave matematike u Hrvatskoj. U svjetlu ove tematike
cilj je takoder bio rastumaciti ishod PISA testiranja hrvatskih ucenika
iz podrucja matematicke pismenosti 2006. godine. Analiza podataka
pokazala je da se PISA zahtjevi u mnogocemu razlikuju od zahtjeva
u nastavi matematike u Hrvatskoj, i to u sadrZajnom smislu, sposob-
nostima, stupnju sloZenosti te formulaciji pitanja. Sadrzajno, PISA
zadaci naglaSavaju podrucja matematike poput statistike i vjerojatnosti,
a hrvatski ucenici koji su 2006. godine pristupili PISA testiranju nisu
uopce imali ovo gradivo u programu svojeg matematickog skolovanja.
Gledano po sposobnostima, PISA zadaci naglaSavaju interpretaciju i
argumentaciju dok u hrvatskoj nastavi matematike viSih razreda os-
novne Skole dominira operacionalizacija do automatizacije. To se
vidi i u obliku pitanja a u nasoj nastavi dominiraju zadaci zatvorenog
tipa koji zahtijevaju samo toCan rezultat bez ikakve interpretacije i
argumentacije dok su u PISA programu Cesti i zadaci otvorenog tipa.

Ovakve razlike izmedu PISA zadataka i hrvatske nastavne prakse
mogu se povezati s loSim rezultatima hrvatskih ucenika na PISA
testiranju iz podruc¢ja matematicke pismenosti.

U radu se predlazu smjernice koje bi mogle dovesti do poboljSanja
u matematickom obrazovanju hrvatskih ucenika, a proizlaze iz
odredenih komponenata PISA testiranja.

Kljucnerijeci: analiza, PISA zadaci, PISA testiranje, matematicka
pismenost, matematicki zahtjevi, nastava matematike
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Uvod

U posljednjih nekoliko godina u javnosti i stru¢nim krugovima ¢esto se spominje
PISA istrazivanje, uglavnom u kontekstu nacionalnog plasmana na medunarod-
noj rang-listi. PISA (Programme for International Student Assessment) pred-
stavlja program medunarodnog procjenjivanja znanja i vjestina ucenika koji su za-
jednicki razvile zemlje ¢lanice organizacije OECD (Organisation for Economic Co-
operation and Development). Prvo medunarodno PISA istrazivanje organizirano
je 2000. godine, a nakon toga se provodi svake treCe godine i ispituje Citalacku,
matematicku i prirodoslovnu pismenost kod petnaestogodi$njaka (OECD, 2003.).
Dvije tre€ine svakog ispitivanja posveéuju se tzv. “glavnoj” domeni. Tako je glavna
domena u 2000. godini bila ¢italacka pismenost, u 2003. to je bila matematicka
pismenost, a u 2006. godini prirodoslovna pismenost. Zatim se krece opet s
CitalaCkom pismenos$éu kao glavnim podrucjem, i tako redom. Hrvatska je prvi
puta nastupila na PISA testiranju 2006. godine kada je rezultat naSih ucenika
iz podru¢ja matematicke pismenosti smjeSten na 36. mjesto u rangiranju svih 57
zemalja (Bra$ Roth i dr., 2008.), Sto Hrvatsku smjesta statisticki znacajno ispod
prosjeka OECD-a. Detaljnije informacije o PISA natjecanju mogu se naci u knjizi
M. Bras Roth i dr. (2008.).

OECD opisuje matematicku pismenost kao “sposobnost pojedinca da pre-
pozna i razumije ulogu koju matematika ima u svijetu, da donosi dobro utemeljene
odluke i da primjenjuje matematiku na nacine koji odgovaraju potrebama Zivota
tog pojedinca kao konstruktivnog, zainteresiranog i promisljajuceg gradanina”
(Bras Roth i dr., 2008., str. 124.). Da bi se matematicka pismenost $to preciznije
“izmjerila”, razvijena je teoretska osnova PISA matematicke pismenosti koja se
sastoji od triju komponenata: matematickog sadrzaja koji petnaestogodi$nji ucenik
treba poznavati, skupine kompetencija koje ucenik treba imati razvijene te situacija
(konteksta) u koje je smjesten zadatak. O komponentama matematicke pismenosti
detaljnije se moZe Citati u Bra§ Roth i dr. (2008.) te Glasnovi¢ Gracin (2007. a,
2007. b).

Velika pozornost medija diljem svijeta skrenuta je na PISA istrazivanje i na
PISA rezultate upravo zbog medunarodnog usporedivanja i natjecanja medu naci-
jama. Struénjaci, medutim, naglasavaju (De Lange, 2005., Peschek, 2006.) da je
potrebno Ciniti dublje metodicke analize kako PISA zadataka tako i nacionalnih
obrazovnih sustava sa svrhom poboljsanja kvalitete suvremene nastave matematike.
Takoder se u istim izvorima naglasava da bi se takvim analizama trebalo posvetiti
vise paznje od medunarodne kompeticije, koja danas, ocito, zaokuplja najveci dio
paznje javnosti.

Metodicka analiza PISA zadataka

Ovaj rad se ne bavi pitanjima vezanim uz medusobna natjecanja medu nacijama
kod PISA testiranja, ve¢ se bavi metodickom analizom PISA zadataka iz podrucja
matematicke pismenosti. Cilj istraZivanja bila je analiza matematickih zahtjeva
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objavljenih PISA zadataka te njihovo usporedivanje sa zahtjevima osnovnoskolske
nastave matematike u Hrvatskoj. Analiza je obavljena na skupini od 26 objavljenih
PISA zadataka (OECD, 2007.) koji s podzadacima ¢ine ukupno 42 matemati¢ka
problema. Oni obuhvaéaju sve objavljene zadatke iz PISA testova iz 2000., 2003.
1 2006. godine i ogledno prikazuju neobjavljene PISA zadatke.

Osnova za analizu po sadrZaju, vjeStinama i kompleksnosti uzeta je iz sistem-
atizacije Austrijskog obrazovnog standarda (Institut fiir Didaktik der Mathematik,
2007.). Svaki zadatak u ovom radu klasificiran je prema potrebnom matematickom
sadrZaju, vjeStinama i svojoj kompleksnosti. Osim toga, analiza je obuhvacala pi-
tanja je li pojedini zadatak uobicajen za matemati¢ku nastavnu praksu u Hrvatskoj
po istim komponentama te je li svojim sadrZajem, kontekstom i traZzenim kompeten-
cijama uobicajen u svakodnevnom Zivotu, tj. u prirodnom, drustvenom i kultural-
nom okruZenju u kojem pojedinci Zive. SadrZajna podrucja analize su podijeljena
na: brojeve i mjerne jedinice, varijable i funkcijske ovisnosti, geometrijske oblike
i tijela te na statistiCke prikaze i veliCine. Vjestine su podijeljene na: prikazivanje
i modeliranje, raCunanje i operiranje, interpretiranje te na argumentiranje i dokazi-
vanje. Kompleksnost zadatka u analizi podijeljena je na primjenu osnovnih znanja
i vjestina, izradu veza te na primjenu refleksivnog misljenja.

Matematicki zahtjevi u PISA zadacima

Rezultati analize pokazuju da se analizirani PISA zadaci uvelike razlikuju od
zadataka koji su uobicajeni za matematicku nastavnu praksu u Hrvatskoj. Od
42 pitanja njih ¢ak 22 procjenjujemo kao potpuno neuobiCajenima za hrvatske
matematicke udzbenike. Dakle, vise od polovice analiziranih PISA zadataka pot-
puno se razlikuje od zadataka zastupljenih u nastavi matematike. Nadalje, dodatnih
26% zadataka samo je djelomi¢no uobiCajeno za nastavu matematike (tj. samo po
nekim komponentama). To znaci da je tek petina danih PISA zadataka uobicajena
za nastavu matematike u Hrvatskoj. Dubljom analizom uoceno je da neki od
zadataka koji nisu tipi¢ni za nastavu matematike pripadaju vise nastavi fizike, ge-
ografije, tehniCke kulture, zabavne matematike i drugih podrucja. To ukazuje da
matematicka pismenost kako je PISA opisuje prelazi okvire samo nastave matem-
atike te obuhvaca i druge predmete i podrucja.

S druge strane, visoki postotak od 95% analiziranih PISA zadataka procijenjen
jekao vrlo uobicajen ili uobi¢ajen za svakodnevne Zivotne situacije. Taj podatak po-
dudara se s opisom matemati¢ke pismenosti kao sposobnos¢u “pojedinca da anal-
izira, logicki zakljucuje i ucinkovito komunicira prilikom postavljanja, rjesSavanja i
interpretiranja matematickih problema u mnostvu razlicitih situacija” (Bra$ Roth
i dr., 2008., str. 122). U danom se opisu ocito naglaSava primjena matematike u
raznim Zivotnim situacijama. Na ovom mjestu dolazimo do razilaZenja u glavnim
ciljevima PISA ispitivanja u odnosu na ciljeve nastave matematike. Cilj nastave
matematike u Skoli nije samo primjena matematike u svakodnevici veé i stjecanje
matematickog znanja i sposobnosti vezanih uz apstraktne pojmove, dok je cilj
PISA matemati¢ke pismenosti usmjeren samo na ispitivanje primjene matematike
u raznim Zivotnim situacijama. Tako je, primjerice, na PISA natjecanju 2003. kada
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je glavna domena bila matematika, od 84 matematicka zadatka bilo njih samo 3 iz
podrucja algebre (Schneider i Peschek, 2006.).

Kako je rec¢eno, PISA zadaci analizirani su s obzirom na sadrzaj, vjestine i
kompleksnost. Gledano po sadrzaju, zanimljivo je da se 21% objavljenih zadataka
odnosilo na sadr7aje iz statistike i vierojatnosti. Stovise, u PISA testiranju provede-
nom 2006. godine bilo je u opticaju ¢ak 17 zadataka od ukupno 48 iz matematickog
podrucja Neizvjesnost, koje odgovara statistici i vjerojatnosti (Bra§ Roth i dr.,
2008., str. 161). To znali da je na PISA testiranju 2006. u vise od treine za-
dataka trebalo koristiti znanje iz statistike ili vjerojatnosti. PISA naglaSava ovo
matemati¢ko podrucje kao vrlo vazno. “Ovakav tip statistickog misljenja trebao bi
koristiti svaki gradanin” (Bra$ Roth i dr., 2008., str. 133). No, statistika i vjerojat-
nost su uvedene u Hrvatski nastavni program tek od jeseni 2006. godine (MZOS,
2006.), i to u vrlo malom opsegu. To znaci da nasi ucenici koji su u proljeée 2006.
godine pristupili PISA testiranju u svom matematickom obrazovanju uopcée u Skoli
nisu ucili ove sadrzaje.

Drugo veliko matemati¢ko podrucje kojem PISA pridaje dosta paznje i pros-
tora, a koje se na potpuno drugaciji nacin i U mnogo manjem opsegu poucava na
nastavi matematike, odnosi se na funkcije. Prema nastavnom planu i programu
u nastavi matematike funkcije se uce u 7. razredu, i to samo linearna funkcija
u vrlo naglasenom okruzenju analiticke geometrije. U osmom razredu spomene
se 1 kvadratna funkcija te eventualno funkcija korjenovanja. Ovakvo poucavanje
funkcija u nastavi matematike u osnovnoj Skoli trebalo bi preispitati, kako sadrzajno
tako i u odredenju pravog trenutka i zrelosti uenika, jer se pokazalo da nasi ucenici
na inicijalnim testovima u prvom razredu srednje Skole vrlo lose rezultate pokazuju
bas iz podrucja funkcija (Dakié, 2000., Rac Marinié¢ Kragi¢, 2007.). S druge strane,
PISA nudi zadatke s posve drugacijim pristupom funkcijama nego $to se to radi na
nastavi matematike. Iz analiziranih PISA zadataka vidljivo je da grafovi funkcija
dolaze iz realnih situacija, $to znaci da nisu prikazani iskljucivo linearni odnosi.
Uz ovakve sadrzaje Cesto se od ucenika traze vjestine interpretiranja grafickog
prikaza. U Skolskoj praksi ovakvi su zadaci bliZi problemima s nastave fizike nego
matematike. “Pojam funkcije se u nasim skolama spominje samo na primjerima u
analitickoj geometriji i ni u kakvom drugom prakticnom kontekstu, a upravo takav
kontekst se nalazi u mnogim PISA zadacima”, napisala je u izvjeS¢u stru¢na radna
skupina za matematiku za PISA-u 2006 u Hrvatskoj (Bras Roth i dr., 2008., str.
161).

Znatna razlika u PISA zahtjevima i zahtjevima naSe nastave matematike
moZe se primijetiti i u podrucju oekivanih ucenickih sposobnosti. U vise od
treCine analiziranih zadataka od ucenika se oCekivala vjeStina interpretiranja, tj.
tumacenja danih matemati¢kih odnosa u odredenom kontekstu. Ovu vjesStinu
moZemo povezati s interpretacijom brojnih nelinearnih funkcijskih prikaza, zatim
danih grafickih prikaza statistickih podataka i sl. Polovica analiziranih zadataka
(53%) trazila je vjeStine lakSeg raCunanja i operiranja dok se u drugoj polovici
(47%) trazilo modeliranje, argumentiranje i dokazivanje. U usporedbi s nasom
nastavom matematike u osnovnoj Skoli, u kojoj uvelike dominira operiranje i au-
tomatizacija, a modeliranje, argumentiranje, dokazivanje i interpretiranje susrecu
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se u mnogo manjoj mjeri, mnoStvo PISA zadataka u kojima je neSto trebalo obra-
zloziti ili argumentirati naSim je ucenicima stvaralo probleme prilikom rjesavanja
PISA testa 2006.

Matematicki sadrzaj i posebice vjestine koje su se traZile od u¢enika kako bi se
rijesio pojedini zadatak utjecale su na kompleksnost pojedinog zadatka. Cak 27%
PISA zadataka u testiranju 2006. pripadalo je skupini kompetencija refleksije, koja
obuhvaca kompleksno postavljanje i rjeSavanje problema, promisljanje, originalni
matematicki pristup, poopcavanje i sl. Takav pristup rijedak je na redovnoj nastavi
matematike osnovne Skole i potpuno je stjeran u kut pred operacionalizacijom i
rjeSavanjem Sablonskih zadataka. Stoga ne cudi §to su naSi ucenici 2006. godine
ove posebno zahtjevne zadatke vrlo slabo rijesili na testiranju, a neke od njih ¢ak
i vrlo znacajno ispod svjetskog prosjeka. Uz to, zadaci otvorenog tipa su Cinili
otprilike Cetvrtinu analiziranih zadataka, Sto se slaze s udjelom otvorenih zadataka
u redovnom PISA testiranju (Schneider, Peschek, 2006.). Takav tip zadatka nasim
je ucenicima predstavljao problem na PISA natjecanju jer takvi zadaci traze kako
dobro poznavanje sadrzaja tako i dobro razvijene sposobnosti, poput interpretacije,
argumentiranja i dokazivanja, te refleksiju.

Uza sve to vazno je napomenuti da su PISA zadaci Cesto tekstualno vrlo
dugacki i opseZni zadaci te se uz navedene zahtjeve od ucenika traZe sposobnosti
razumijevanja teksta, izvlaCenja bitnog od nebitnog u tekstu, koncentraciju Citanja
te verbalne sposobnosti.

Zakljucak

Rezultati provedene analize ukazuju na velike razlike izmedu PISA zadataka i
zadataka iz naSe nastavne prakse u osnovnoj $koli. Te razlike sigurno rezultiraju
slabim ishodom naSih u¢enika na medunarodnoj PISA ljestvici. Analiza objavljenih
PIS A zadataka pokazuje da OECD stavlja naglasak na tekstualne zadatke smjeStene
u svakodnevne situacije, s naglaskom na podrucje interpretacije grafickih prikaza,
najcesce funkcijskih ovisnosti ili statistickih podataka. Takoder se od ucenika
traZe vjeStine modeliranja problema, interpretacije raznih matematickih sadrZaja
te argumentacije i objasnjavanja kompleksnijih tvrdnji u zadacima otvorenog tipa.
Navedena obiljeZja PISA zadataka nisu toliko naglasena u nastavi matematike u
Hrvatskoj. Izvje$ée PISA-ine radne skupine za matematiku u Hrvatskoj (Bra$ Roth
idr., 2008., str. 163) sugerira da bi bilo mudro uzeti one PISA zahtjeve koji mogu
unaprijediti nasu nastavu matematike.

SadrZajno gledajuci, PISA prikazuje novi pristup funkcijama koji bi se mogao
uklopiti u nastavu matematike, ali i u nastavu fizike te ostalih predmeta u kojima
se koristi interpretacija grafickih prikaza. Uz to, podrucje vjerojatnosti i statistike
trebalo bi opSirnije i kvalitetnije uklopiti u cjelokupno matematicko Skolovanje,
pocevsi od nizih razreda osnovne Skole.

U podrucju potrebnih sposobnosti i kompleksnosti zadataka PISA ne zadaje
samo klasi¢ne zadatke koji naglasavaju operacionalizaciju, ve¢ nudi problemske
zadatke koji zahtijevaju vjeStine modeliranja situacije ili interpretiranja problema
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te Cesto i refleksivno miSljenje. Takvi zadaci Cesto se kombiniraju sa zadacima
otvorenog tipa jer zahtijevaju argumentaciju, objas$njavanje, verbalne sposobnosti
i sl. Ovaj nalaz mozemo usporediti s procjenom hrvatske PISA-ine stru¢ne radne
skupine za matematiku iz 2006. godine: “PISA rezultati iz podrucja matematicke
pismenosti ukazuju da bi u nastavi trebalo vise stavljati naglasak na interpretacije,
refleksivne kompetencije, argumentiranje i verbalno izraZavanje matematickih
sadrzaja.” (Bra§ Roth i dr., 2008., str. 163).

Provedena analiza i opisane razlike izmedu PISA zadataka i zadataka iz
nase nastavne prakse mogu pomoc¢i u konkretnim diskusijama i zakljuécima o
sadrzajnom poboljSanju kvalitete nastave matematike u Hrvatskoj.
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Ishodi ucenja u matematici:
primjer implementacije i evaluacije
uz pomo¢ e-ucenja

BlaZenka Divjak i Mirela Ostroski

Fakultet organizacije i informatike, SveuciliSte u Zagrebu, Hrvatska

SaZetak. Ishodi ucenja predstavljaju osnovni alat za poucavanje u
¢ijem je srediStu student. Implementacija ishoda ucenja treba kombini-
rati pristup odozgo pocevsi od studijske razine, konkretnog studijskog
programa s pristupom odozdo s razine nastavne cjeline i predmeta.
Pri nastavi matematike za studente kojima matematika nije glavni cilj
studija, vazno je uoCiti ulogu matematickog aparata i postupaka u
studiju struke, ali i uzeti u obzir ulazne kompetencije studenata.

U naSem radu Zelimo prikazati na¢in implementacije ishoda uc¢enja
u predmeta matematike na studiju Informacijskih i poslovnih sustava
na Fakultetu organizacije i informatike SveuciliSta u Zagrebu. U
prvoj fazi, implementacija ishoda ucenja usklaena je s ulaznim kom-
petencijama, nastavnim metodama, optereCenjem studenata (ECTS),
modelom pracenja i ocjenjivanja studenta, a uzeti su u obzir razliciti
stilovi u€enja studenata te motivacija za rad na predmetu. U drugoj
fazi se radi na modelu evaluacije ishoda ucenja te provjera vezi izmeu
razlicitih elemenata procesa ucenja i poucavanja.

Cjelokupni proces je znacajno poduprt informacijsko-komunikacij-
skom tehnologijom i provodi se uz uporabu mjesovitog e-ucenja te
drustvenog softvera. Takav pristup podiZe motivaciju studenta za
ucenje matematike, ali i dostupnost materijala i komunikaciju. S
druge strane, nastavniku je omogucena pohrana informacija o svim
artefaktima koje studenti naprave tijekom semestra, pa se na taj nacin
otvaraju mogucénosti evaluacije ishoda ucenja.

Kljucne rijeci: ishodi ucenja, matematika, ICT, e-ucenje, tak-
sonomija, e-portfolio
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Matematicke kompetencije mladih
zainteresiranih za uciteljski studij
(analiza jednog prijemnog ispita iz matematike)

Irena MiSurac Zorica!, Marinko Pejié?
A

!Filozofski fakultet, Sveugiliste u Splitu, Hrvatska
2Pedagoska akademija, Sveuciliste u Sarajevu, BiH

SaZetak. Nezadovoljavajuci rezultati ucenika u matematici na
svim razinama obrazovanja poti€u nas na stalno preispitivanje svih
¢imbenika koji na taj rezultat mogu imati utjecaja. Ucitelji razredne
nastave prve su struéne osobe koje kod djece izgraduju temeljni sus-
tav matematickih koncepata, procesa i terminologije kao i cjelokupni
odnos djeteta prema matematici. Kompetencije koje se ocekuju od
ucitelja moZemo definirati kao duboko, konceptualno poznavanje i
razumijevanje matematickih sadrZaja, poznavanje pedagoskih spoznaja
i psiholoskih karakteristika djeteta te pozitivna uvjerenja o matematici.
Neke od ovih kompetencija izgraduju se i dopunjavaju na uciteljskim
fakultetima, ali mnoge od njih ocekuju se od buducih ucitelja ve¢ pri
dolasku na studij. Na uciteljskim se fakultetima u okviru matematic¢kih
kolegija ne uce elementarni sadrZaji poCetne nastave matematike, ve¢ se
prosiruju i produbljuju matematicke kompetencije s kojima studenti
dolaze. Upravo iz tog razloga proucili smo matematicke kompetencije
mladih zainteresiranih za uciteljski poziv. U tu smo svrhu analizirali
rezultate jednog izrazito laganog prijemnog ispita iz matematike, ko-
jemu su pristupila 123 kandidata u Splitu, 2008. godine. Rezultati
ispita pokazali su duboko nerazumijevanje i nepoznavanje temeljnih
matemati¢kih koncepata od kojih su mnogi sadrZajno bili upravo iz
pocetne nastave matematike.

Kljucne rijeci: matematika, ucitelji, matematicke kompetencije,
uciteljski studij

Uvod

Danasnje je vrijeme karakteristicno po stalnim i ubrzanim promjenama na
svim poljima ljudskih djelatnosti u kojem se nova znanja, tehnologije, alati i
nacini djelovanja i komuniciranja stalno razvijaju i usavrSavaju. Takav razvoj
suvremenog drustva usko je povezan s razvitkom znanosti, tehnike, tehnologije
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i ekonomije. “U tom razvoju matematici pripada posebno mjesto, jer su sve
znanosti u svom razvoju proZete matematickim na¢inom misljenja i uopée matem-
atikom, koja ih moZe povezati u jedinstvenu cjelinu, formirati njihova nacela i
utjecati na njihov napredak. Matemati¢ke discipline vrlo su aktivne komponente
razvijanja znanstvenih istrazivanja u svim podru¢jima znanosti” (Kadum, 2002,
137). Vaznost poznavanja matematike, posebno njenog logickog nacina misljenja
i vaznost sposobnosti primjene matematickih spoznaja, kako za pojedinca, tako i
za drustvo u cjelini, nikada u povijesti nije bila veca.

Nazalost, potrebe pojedinaca i drustva u cjelini za matematikom nisu propor-
cionalne rezultatima ucenika u nastavi matematike. “I pored velikog znacenja
i uloge koje imaju matematika i matematicko obrazovanje u razvoju drugih
znanstvenih disciplina i razvoju tehnike, tehnologije i obrazovanja uopce, u€inkovi-
tost (uspjesnost) nastave matematike u osnovnoj i srednjoj $koli, kod nas i u svijetu
je nezadovoljavajuéa” (Peji¢, 2006, 19). Brojni rezultati mjerenja matematickih
znanja i sposobnosti ucenika u osnovnim i srednjim Skolama, stavovi ucenika
prema matematici, interes studenata za matematicke studije i uspjesnost primjene
matemati¢kih znanja i sposobnosti u konkretnim situacijama ne ostavljaju mnogo
razloga za zadovoljstvo. Ucenici Cesto posjeduju samo formalna matematicka
znanja, a “takva znanja nisu usvajana svjesno, u njima se nepravilno izraZavaju
matematicke zakonitosti, ucenici ih tesko ili nikako ne primjenjuju u praksi, ne
pomazu daljnjem matemati¢kom obrazovanju” (Markovac, 1978, 21). Zbog takvog
nacina usvajanja matematike, ti uenici nisu u stanju primijeniti nauc¢eno u konkret-
nim Zivotnim, Skolskim ili profesionalnim okolnostima. “Prema svjedocenju ve-
likog broja matemati¢ara, mnogi maturanti ne znaju samostalno rasudivati, a na pri-
jemnim ispitima za fakultete oslanjaju se na pamcenje, a ne na misljenje” (Ovcar,
1990, 16). To potvrduju i brojna medunarodna istrazivanja (PISA, TIMSS) koja
usporeduju rezultate ucenika u matematici u razli¢itim odgojno-obrazovnim sus-
tavima Sirom svijeta.

Kao uzroci neuspjeha, u relevantnoj se metodickoj literaturi navode nepri-
lagodenost sadrZaja individualnim moguénostima ucenika, nedostatak predznanja
na koji bi se nastava trebala nadogradivati, neadekvatno obrazovanje ucitelja, ali i
nedovoljna metodicka pripremljenost predmetnih nastavnika, neadekvatne metode
i nacini rada u nastavi, sustav obrazovanja opéenito, nastavni programi te udzbenici
(Markovac, 1978; Kadum, 2002; Peji¢, 2006). Zbog svega navedenog, potrebno
je stalno preispitivati parametre koji na ovaj ili onaj nacin utjecu ili mogu utjecati
na matematicke kompetencije ucenika i to na svim razinama.

Kompetencije ucitelja razredne nastave za poucavanje matematike

Ucitelj razredne nastave prva je strucna osoba koja kod djeteta sustavno iz-
graduje sustav matematickih znanja, vjeStina, navika i interesa. Kao takav, njegov
je utjecaj na uCenika, njegov uspjeh, razumijevanje, stav i motivaciju za matematiku
ogroman. U razrednoj nastavi obraduju se najelementarniji matematicki sadrzaji
koji postaju temelj za nadogradnju u buduc¢em Skolovanju, pa je time znacaj ovog
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perioda u matematickom obrazovanju itekako velik. Kao i u gradevinarstvu, uko-
liko temelj buduée konstrukcije nije dobro postavljen, ni nadgradnja ne moZe biti
kvalitetna. Svoj utjecaj uditelj ostvaruje kroz nacin na koji poducava matem-
atiku, nacin na koji komunicira s uenicima o matematici, ali i kroz neverbalnu
komunikaciju u kojoj kroz Cetiri godine ucenicima svjesno ili nesvjesno prenosi
vlastite stavove, asocijacije i strahove (MiSurac Zorica, 2007). Upravo zato, ucitelj
razredne nastave, baS kao i predmetni nastavnik matematike, mora biti strucan i
kompetentan za poucavanje matematike.

Strucnost i kompetentnost ucitelja nije uvijek jednostavno definirati i klasifi-
cirati, buduéi da mnoge studije koje su se bavile tim kompetencijama na razno-
like nacine odreduju znanja i vjeStine koje kvalitetan ucitelj matematike mora
imati. Tako Verschaffel, Janssens i Janssen (2005) koriste model koji kom-
petencije ucitelja za poucavanje matematike dijeli u tri kategorije. Prva kate-
gorija su matematicke kompetencije, a podrazumijevaju poznavanje matematickih
sadrzaja, §to znaci dobro poznavanje i duboko razumijevanje klju¢nih Cinjenica,
koncepata, obrazaca pravila i dokaza, procedura i strategija rjeSavanja prob-
lema u domeni matematickog sadrZaja kojeg poducavaju. Drugu kategoriju Cine
specificna metodicko pedagoska znanja, koja podrazumijevaju umijece prikazi-
vanja matematickih sadrzaja djeci razliCitih sposobnosti i interesa, odabir optimal-
nih strategija i oblika rada, znanje o vrstama matemati¢kih zadataka, poznavanje
udzbenika i drugih nastavnih materijala i slicno. Trecu kategoriju kompeten-
cija ¢ine uciteljeva psiholoska znanja o tome kako uc€enici misle i u¢e matem-
atiku, koliko poznaju njihova predznanja i razvojne karakteristike. Leou (1998)
predlaZe model koji postavlja Cetiri kategorije koje odreduju nastavnikove kompe-
tencije za pouCavanje matematike, a to su (a) umijece poducavanja, (b) sposobnost
kvalitetne materijalne organizacije i prezentacije sadrZaja, (c) umijeCe stvaranja
poticajne atmosfere za uenje stvorene izmedu nastavnika i uéenikai (d) nastavnicki
stavovi ili uvjerenja. Treéi model kojeg su predlozili Fennema i Franke (1992) na
slican nacin ukazuje na interaktivnu i dinamicku prirodu uciteljeva matematickog
znanja, pedagoskog znanja, znanja o u¢enikovom kognitivnom razvoju i uciteljevih
uvjerenja. Ipak valja naglasiti da se u svim navedenim studijama naglasava da samo
posjedovanje navedenih kompetencija nije garancija uspjesnosti ucitelja.

U svim navedenim kategorizacijama na prvo se mjesto postavljaju uciteljeve
matematicke kompetencije, dakle njegovo matemati¢ko znanje i razumijevanje koje
je temelj znanja i razumijevanja njegovih ucenika. Dobro poznavanje matemati¢kih
sadrzaja je “conditio sine qua non” u matematickom poucavanju, snalaZenju u nas-
tavnom programu i udZbeniku te u pripremanju i realiziranju nastave matematike
1 njenoj ucinkovitosti. “Stru¢no osposobljen ucitelj uvijek ¢e se lakSe snaéi i uk-
loniti eventualne nedostatke u programu ili u udZbeniku, a nedovoljno obrazovan
ili nepripremljen uditelj mozZe svojom nestru¢nom interpretacijom upropastiti us-
pjesnost najbrizljivije pripremljenog programa ili udzbenika” (Pavlekovi¢, 1997,
271). Duboko i konceptualno razumijevanje matematike od strane uéitelje nuzan
je preduvjet za poticanje i razvijanje ucenikova konceptualnog misljenja. Rezultati
“Medunarodnog ispitivanja postignuéa u nastavi matematike” koje je jos 1964.
proveo UNESCO potvrdili su da izmedu matematickog obrazovanja ucitelja i nje-
govog rada u nastavi postoji konstantna i izravna proporcionalna veza; $to je njegovo
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matemati¢ko obrazovanje bolje i kvalitetnije bolja su i kvalitetnija matematicka
znanja, vjestine i navike koje izgraduje kod svojih u¢enika (Peji¢, 2003).

Osim matemati¢kih znanja, ucitelji svojim stavovima i pogledima na matem-
atiku takoder bitno utjecu na ucenike. Mnoga su istrazivanja (npr. Sun Lee i
Ginsburg, 2007; MacNab, 2000) pokazala kako se stavovi i shvacanja o ciljevima
poucavanja i prirodi ucenja odraZavaju u ponasanju ucitelja tijekom poucavanja,
ali i na rezultatima ucenika u matematici. Ranije provedeno istraZivanje sa studen-
tima razredne nastave (MiSurac Zorica, 2007) pokazalo je da mnogi buduéi uéitelji
imaju negativne stavove i misljenja o matematici, kao i negativne asocijacije na
samu rije¢ matematika. Uz to, veéina ih nije voljela matematiku ni u skoli, a
buduéi su ucitelji u najmanjem postotku izabrali matematiku kao predmet kojeg
¢e najradije predavati. Iz svega navedenog izveden je zakljucak da je za budude
ucitelje poducavanje matematike samo segment uciteljskog posla kojega prihvacaju
kao nuzno zlo, a ne kao vlastiti odabir.

Istrazivanje

U ovom smo radu Zeljeli istraziti matematicke kompetencije mladih koji su
zavrsili cetverogodiSnje srednjoskolsko obrazovanje, a zainteresirani su za uciteljski
poziv. Rije¢ je o punoljetnim osobama od kojih ofekujemo da imaju (barem
donekle) definiranu sliku svog buduéeg profesionalnog Zivota. Cilj nam je otkriti
kolike su njihove matematicke kompetencije, odnosno kolike su im sposobnosti i
vjeStine primjene najelementarnijih matematickih znanja od kojih bi mnoga jednog
dana i sami razvijali kod svojih uc¢enike. U tu smo svrhu analizirali jedan razredbeni
ispit iz matematike za upis kandidata na uciteljski studij u Splitu 2007. godine.

Krenuli smo od nekoliko polazi$nih pretpostavki koje su odredile tijek i nacin
naSeg istrazivanja. Prva pretpostavka (dobivena nasim dugogodi$njim iskustvom
na uciteljskim studijima) je bila da brojni studenti uciteljskih studija imaju problema
s polaganjem ispita iz matematike. Uz to, smatrali smo da ocjena ili postotak pro-
laznosti iz kolegija “Matematika” na pojedinim uciteljskim fakultetima ne mogu
sami za sebe dati potpuno objektivnu sliku njihovih elementarnih matematickih
znanja i vjeStina, s obzirom da sadrZaji tih kolegija obuhvadaju mnogo Sira,
dublja i kompleksnija podru¢ja matematike. Druga je pretpostavka da temeljna
matematicka znanja koja se stjeCu u razrednoj nastavi, bududi ucitelji donose sa
sobom na fakultet i tu ih produbljuju, prosiruju i nadograduju. Oni su, naime,
prije dolaska na fakultet, matematiku ucili 12 godina u kontinuitetu. Drugim
rijeCima, oni nece tek na fakultetu upoznati matematicke strukture, nauciti osnovne
matematicke termine, simbole, koncepte i procese, ve¢ ¢e ih tu bitno produbljivati,
Siriti i nadogradivati te dalje razvijati sustav apstraktnog matematickog misljenja.
Sli¢ne stavove iskazuju i sami studenti uCiteljskog studija, koji smatraju da im
matematicki sadrzaji nauceni na fakultetu nisu pretjerano korisni za njihov buduci
uciteljski rad, a najveci broj ih smatra da su matematiku najbolje naucili u os-
novnoj Skoli (Misurac Zorica, 2007). Upravo zato smo se odlucili istraziti njihove
elementarne matematicke kompetencije u sadrZajima koji se ne uce na fakultetu,
veé spadaju u osnovnoskolsku matematiku. Treca je pretpostavka da su osobe
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koje odabiru uciteljski fakultet svjesne da ¢e veliki dio njihovog nastavnog rada
(to¢nije Cetvrtina) biti upravo poucavanje matematike. Stoga smo pretpostavili da
se osobe koje nemaju temeljna matematicka znanja i kompetencije neée ni odluciti
za uciteljski poziv.

Zbog svih navedenih pretpostavki, smatrali smo vaznim ispitati kakvi nam se
kandidati interesiraju i upisuju na uciteljske fakultete. U svrhu istrazivanja isko-
ristili smo razredbeni ispit na uciteljskom fakultetu u Splitu, gdje su se (izmedu
ostalog) testirale matematicke kompetencije kandidata.

Uzorak istrazivanja

Uzorak istrazivanja Cinilo je 123 kandidata koji su u ljeto 2008. godine pris-
tupili razredbenom ispitu za upis na Uciteljski studij Filozofskoga fakulteta u Splitu.
Obzirom da su se kandidati prijavljivali slobodno, da se radilo o prvom ispitnom
roku, da se pristup prijemnom ispitu placao i da se vecina pristupnika koji su prosli
razredbeni prag (kojeg je Cinilo nekoliko prijemnih ispita iz podru¢ja matem-
atike, hrvatskoga jezika, knjizevnosti i test op¢ih sposobnosti) i upisalo na fakultet,
mozemo zakljuciti da su ispitanici bili visoko motivirani za upis na uciteljski studij.
Drugim rijeCima, radi se o kandidatima koji zaista u buduénosti zele biti ucitelji
razredne nastave te pouCavati i matematiku. Svi su ispitanici bile Zene.

Instrument istrazivanja

Instrument istraZivanja bio je test matematickih znanja i vjeStina kojeg smo
sami osmislili i napravili (Test u Prilogu) u svrhu selekcije kandidata za uciteljski
studij. Cilj nam nije bio dublje ispitivati matematicka znanja (osim eventualno
poznavanja osnovne matematicke terminologije $to je preduvjet za razumijevanje
teksta zadatka), ve¢ se bazirati na razumijevanje osnovnih matematickih struktura
i koncepata te logicko zakljucivanje i primjenu matematickih koncepata i procesa
koje su kandidati u prethodnom Skolovanju usvojili u zadacima testa posebno
pripremljenog za tu svrhu. Kao pilot istraZivanje test je dan na rjeSavanje nekolicini
srednjoskolaca te nekolicini asistenata s fakulteta iz drustvenog i humanisti¢kog
podrucja. Zakljuak ucenika i nematematiCara je bio da je test izrazito lagan,
razumljiv i prilagoden potrebi selekcije na razredbenom ispitu.

Test se sastojao od 19 matematic¢kih zadataka koje bi svrstali u klasu jednos-
tavnih zadataka. Pri tome su dva zadatka iz podru¢ja mjerenja i traze elementarno
poznavanje mjernih jedinica za obujam i masu, a oba po sadrZaju i po sloZenosti
spadaju u podrudje razredne nastave (dakle mogli bi ga rijesiti u€enici u 4. razredu
osnovne $kole). Tri su zadatka matematicki problemski zadaci, ali sva se tri mogu
kontekstualno i strukturalno svrstati u zadatke za dodatnu nastavu matematike u
prva Cetiri razreda osnovne Skole. Tri zadatka su geometrijskog sadrzaja i traze
poznavanje i primjenu najelementarnijih geometrijskih ¢injenica. Dva medu njima
takoder spadaju (po sadrzaju i sloZenosti) u podrucje razredne nastave. Pet ar-
itmetickih zadataka najjednostavnijeg su tipa, a od toga su tri iz poCetne nastave
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matematike dok je jedan numeri¢ki zadatak s razlomcima. Cetiri algebarska za-
datka spadaju u vise razrede osnovne Skole, ali rijec je o najtrivijalnijim primjerima
sadrzaja na koji se odnose (algebarski razlomak, jednadzba, nejednadzba i linearna
funkcija). Ista je stvar i s jedinim zadatkom iz analiticke geometrije koji trazi
povezivanje jednadZbe za pravac i koordinata tocke. Jedan zadatak s nizovima
takoder je tipi¢an za dodatne zadatke iz matematike u periodu razredne nastave.

MozZzemo rezimirati da je od 19 zadataka, njih 12 prilagodeno sadrzajima
matematike iz prva Cetiri razreda osnovne skole, dok su preostalih 7 zadataka naj-
jednostavniji i najosnovniji primjeri zadataka u sadrZajima na koje se odnose, a koji
po nastavnom programu spadaju u vise razrede osnovne $kole. Stoga test smatramo
izrazito laganim, razumljivim i sadrZajno prilagoden (¢ak i nedovoljno zahtjevnim)
za buduée studente uciteljskog studija.

Rezultati i rasprava

Usprkos jednostavnost testa, dobili smo sljedece rezultate prikazane u Tablici
1. Za svaki je zadatak naznacen broj i postotak kandidata koji su dosli do tocnog
rjeSenja, broj i postotak kandidata koji su zadatak rijeSili pogreSno odnosno koji
zadatak (barem na papiru) nisu ni pokusali rijesiti.

zadatak || bez pokuSaja || pogreS$no to¢no
N| % |N|% | N[%
28 23 56 | 46 || 39 | 32
9 7 60 | 49 || 54 | 44
50 41 551 45 || 18 | 15
42 34 55| 45 || 26 | 21
16 13 24 | 20 || 83 | 67
29 24 34 | 28 || 60 | 49
57 46 40 | 33 || 26 | 21
17 14 21| 17 || 85 | 69
20 16 70 | 57 || 33 | 27
57 46 43 | 35 || 23|19
20 16 32| 26 || 71 | 58
8 7 43 | 35 || 72 | 59
26 21 78 | 63 || 19| 15
13 11 32| 26 || 78 | 63
26 21 67 | 54 || 30 | 24
28 23 65 | 53 || 30 | 24
15 12 9 7 99 | 80
32 26 27 | 22 || 64 | 52
17 14 26 | 21 || 80 | 65

Ol Q| G| B & o] 2| S| 0|00 N o | A w| ] —

Tablica 1.

Najbolji rezultat postignut je u 17. zadatku, koji je glasio “Koji je broj sljedeéi
unizu 1, 4,9, 16, 25, 36, 49,. .., gdje je Cak 80% ispitanika tocno rijesilo zadatak.
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Ovaj bi zadatak mogli svrstati u (dodatni) zadatak za drugi ili treéi razred osnovne
Skole. Zadatak nije trazio nikakva posebna matematicka znanja, ve¢ samo sposob-
nost prepoznavanja i razumijevanja obrazca ponavljanja brojeva u nizu. Najmanji
je postotak to€nih rjeSenja u 3. i 13. zadatku, gdje je svega 15% kandidata to¢no
rijeSilo zadatak. Treci je zadatak traZio da se broj 699 napiSe rimskim znamenkama,
Sto sadrZajno spada u Cetvrti razred osnovne Skole. Rimske se znamenke uglavnom
ne obraduju u fakultetskoj matematici, pa mozemo samo pretpostaviti s kolikim
matemati¢kim znanjem ovih sadrZaja bududéi ucitelji dolaze u razred. Trinaesti za-
datak trazio je zbroj prva tri prosta, dvoznamenkasta broja, po ¢emu i on sadrzajno
spada u pocetnu nastavu matematike. U ovom je zadatku ¢ak 57% ispitanika doslo
do pogresnog rjesenja, a ako pretpostavimo da nisu pogrijesili u samom zbrajanju,
mozemo pretpostaviti da do rjeSenja nisu dosli jer nisu poznavali pojam prostog
broja.

Zadaci koje ispitanici u najveem broju (njih 57 ili 46%) nisu ni pokusali
rijesSiti su zadaci 7. i 10. Sedmi je zadatak problemski i glasi “Koliko litara goriva
trosi automobil na svakih 100 prijedenih kilometara puta, ako je na putu od 3800
km potrosio 361 litru?”.

Rjesenje ovog zadatka je decimalni broj iako zadatak koncepcijski i kontek-
stualno li¢i na problemske zadatke koji se daju i ucenicima u pocetnoj nastavi
matematike. Usprkos Cinjenici da se radi o izrazito Zivotnom zadatku i potpuno
poznatom i bliskom kontekstu, svega je 21% ispitanika rijesio ovaj zadatak.

Deseti je zadatak geometrijski i traZio je izraCunavanje povrSine lika nacr-
tanog na Slici 1. Ovaj zadatak spada u pocetno izracunavanje povrSine, a moze
se izraCunati poznavajuéi samo formulu za izracunavanje povrSine pravokutnika
koja se uci u Cetvrtom razredu osnovne Skole. Naime, po dva simetri¢no postavl-
jena pravokutna trokuta zajedno daju pravokutnik ¢ije su nam sve stranice poznate
duljine. Usprkos tome, svega je 19% ispitanika rijeSilo tocno zadatak. U istom je
zadatku i najveci broj pogresnih rjesenja, cak 63%.

20

10
15

Slika 1.

Veliki je broj pogresnih rjeSenja i u devetom zadatku (57%), koji je glasio
“Nadi sve prirodne brojeve koji su rjeSenja nejednadzbe 5 — x > 2. Najveéi je
problem u ovom zadatku bio trazenje samo prirodnih brojeva kao rjesenja. Naime,
mnogi su kao rjesenje nejednadzbe ponudili nejednakost x < 3, §to nije ispravno
rjesenje.
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U analizi rezultata istaknuli bi i predzadnji zadatak koji je traZio prepoznavanje
geometrijskog tijela kojemu je baza kvadrat, a pobocke jednakokracni trokuti. Ovaj
je zadatak tocno rijeSilo tek 52% ispitanika iako se radi o zadatku iz prvog razreda
osnovne Skole! Od 22% ispitanika koji su pogresno rijeSili zadatak dobili smo
odgovore kvadar, trapez, stozac, prizma i slicno.

Zadatke s veli¢inama (mjernim jedinicama), 1.1 16. rijesilo je manje od tre¢ine
ispitanika, a radilo se o najjednostavnijim zadacima (vidi Prilog 1) koji sadrzajno
takoder spadaju u razrednu nastavu. Ispitanici ne poznaju odnose medu mjernim
jedinicama i ne znaju izracunati obujam kocke poznate duljine brida.

Sveukupno gledano, ni u jednom podru¢ju matematike koja su se nalazila u
ispitnom testu ne moZemo biti zadovoljni rezultatima. Posebno su nas iznenadili
jako losi rezultati u zadacima koji u najveéoj mjeri sadrzajno spadaju u pocetnu
nastavu matematike. Tu smo, naime ocekivali da ée ispitanici prepoznati njihovu
jednostavnost i da ée rezultati u tim zadacima biti bolji od, na primjer, algebarskih
zadataka.

Iz Tablice 1. takoder je vidljivo da je tek u osam zadataka viSe od polovice
ispitanika doslo do to¢nog rjesenja. U deset je zadataka viSe pogresnih, nego to¢nih
rjeSenja. Sve navedeno ukazuje na jako loSe matematicko znanje i razumijevanje
temeljnih matematickih struktura i koncepata te slabu sposobnost primjene ranije
naucenih matematickih sadrZaja.

broi ispitanika
Count

: []

L L L
njedan jedan dva  ti  Cefii pet Sest sedam osam devet deset jedana dvanae trinaest Getmae petnae Sesnae
est st sttt

broj to¢no rijeSenih zadataka

Slika 2.
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Gledajuéi ukupan broj rijeSenih zadataka pojedinog ispitanika (Slika 2),
uocavamo da nitko od ispitanika nije to¢no rijeSio sve zadatke, dok troje ispi-
tanika nije rijeSilo niti jedan zadatak. Najveéi je broj ispitanika (njih 14 od 123)
rijeSio jedanaest zadataka, a prosjecan broj tocno rijeSenih zadataka je 8 zadataka od
ukupno 19, dakle 42%. Ovakav rezultat smatramo poraznim s obzirom na ¢injenicu
da se radi o najelementarnijim zadacima iz podrucja osnovnoskolske matematike.
Treba jo$ jednom naglasiti da se radi o temeljnim matematickim sadrZajima koji
se uce u kontinuitetu kroz dugi niz godina u osnovnoj i srednjoj $koli, §to ovakav
rezultat €ini jo§ viSe zabrinjavajuéim.

Ispitni je test bio izuzetno jednostavan i sadrZavao je zadatke koji su traZzili
izvodenje najjednostavnijih matematic¢kih radnji. U njima su se traZila minimalna
matemati¢ka znanja i to prije svega poznavanje osnovnih matematickih termina
koji se provlace kroz cijelu osnovnoskolsku matematiku, kao Sto su umanjenik
ili umanjitelj, prost broj, djelitelj i slicno. Rezultate koje smo dobili u ovom is-
trazivanju smatramo izuzetno lo§ima. Kao prvo, ispitanici su pokazali izuzetno
slabo poznavanje matematickih pojmova i simbola, ali i slabo razumijevanje i
poznavanje matematickog jezika, Sto je posebice doSlo do izraZaja u zadacima
koji su traZili razumijevanje uputa uz izvodenje elementarnih racuna. Nadalje,
sadrzaje poCetne nastave matematike oni jako slabo poznaju, a ne pokazuju ni da
razlikuju slozenost tih zadataka od na primjer algebarskih zadataka koji se rade na
vi§im razinama matematike (visi razredi osnovne $kole). Zabrinjava i Cinjenica
da je u vecini zadataka broj pogreSnih rjeSenja veéi od broja toCnih rjeSenja, te
da je prosjecan broj tocno rijeSenih zadataka samo osam od devetnaest, S$to iznosi
svega 42%. Ovakvi rezultati ukazuju na ¢injenicu da mladi ljudi zainteresirani
za uciteljski poziv nemaju razvijeno konceptualno razumijevanje matematike te
nemaju sposobnost povezivanja matematickih sadrzaja koje su tijekom prethodnih
dvanaest godina Skolovanja ucili.

Zakljucak

1z dobivenih istraZivackih rezultata moZemo zakljuciti da se na studij ucitelja
prijavljuju kandidati kojima su matematicke kompetencije, u smislu vjestina prim-
jene nauCenih matematickih sadrzaja, izuzetno slabe. Uzmemo li u obzir i ranije
dobivenu cinjenicu da su njihovi stavovi prema matematici negativni i da im je
matematika najmanje drag nastavni predmet za poucavanje (MiSurac Zorica, 2007),
moZemo sa ZaloS¢u utvrditi da kandidati koji se prijavljuju i upisuju na uciteljske
studije imaju veoma slabe kompetencije za buduée poucavanje matematike.

Dobiveni su rezultati u skladu i s rezultatima nekih ranijih istrazivanja sli¢ne
problematike. “Ispitivanje koje je u 1987/1988. $kolskoj godini provedeno anal-
iziranjem slucajnog uzorka od 100 pismenih radova sa klasifikacijskog ispita, od
ukupno 320 prijavljenih kandidata iz raznih srednjih Skola za studij razredne nas-
tave u Zagrebu, pokazalo je ove rezultate: od 10 osrednje teskih ispitnih zadataka
iz srednjoskolskog programa matematike, prosjecni rezultat je bio 34% rijeSenih
zadataka. Samo 3% kandidata rijeSilo je sve zadatke, 4% nije rijeSilo niti jedan
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zadatak, a 11% kandidata rijesilo je samo dva (najlakSa) zadatka” (Pejié, 2006,
20).

Bududi da je osnovni cilj ispitnog instrumenta bio utvrditi kod kandidata
razinu razumijevanja i poznavanja temeljnih matematickih struktura i koncepata
te sposobnost logickog zaklju€ivanja i prakticne primjene matematike koju su
oni u prethodnom Skolovanju usvojili, moZemo utvrditi da su rezultati izrazito
losi. Mladi ljudi zainteresirani za uciteljski poziv pokazuju veoma nisku razinu
matematickih kompetencija u svim ispitivanim segmentima i u svim sadrZajnim
podruc¢jima matematike. Mozemo zakljuciti da mladi koji odabiru uciteljski poziv
u velikoj mjeri nemaju za taj poziv relevantna matematicka znanja, razinu razumi-
jevanja i vjestinu primjene matematike u rjeSavanju razlicitih problema i zadataka
u svakodnevnoj profesionalnoj i Zivotnoj praksi. To naravno moZe biti i odraz
¢injenice da mladi kod nas inace imaju nisku razinu matematicke pismenosti, $to je
potvrdilo i medunarodno istraZivanje petnaestogodis$njaka PISA 2006 (Bras-Roth
i dr., 2007), pa su tako i oni koji dolaze na uiteljske studije dio takve populacije.

Ipak, ostaje Cinjenica da ¢e oni koji zavrSe uciteljski studij jednoga dana
razvijaju i stjecu temelji njihovoga matematickoga obrazovanja, logickog misljenja
i rasudivanja te njihovog razumijevanja matematickih struktura i koncepata kao i
opéenito odnosa prema matematici. Stovise, Cetvrtina njihova buduéeg nastavnog
rada biti ¢e pripremanje, organiziranje i izvodenje nastave matematike.

S obzirom da se na fakultetu u pouc¢avanju matematike (matemati¢kim kolegi-
jima) neée krenuti sa studentima od najelementarnijih matemati¢kih koncepata i
procesa, to jest od sadrzaja pocetne ili osnovnoskolske nastave matematike, pitamo
se kada bi ti buduéi ucitelji nadoknadili ovakav nedostatak matematickih kompe-
tencija s kojim ulaze u sustav visokog obrazovanja. Naime, oni ¢e na fakultetu
u najvecoj mjeri ste¢i nuzna metodicko — didakticka znanja i umijeca, odnosno
osposobiti se i pripraviti za uspjesno izvodenje pocetne nastave matematike. U
buduéem nastavnom radu cekaju ih preoptereCeni nastavni program u periodu
razredne nastave i komercijalni, nestalni, konfuzni i uglavnom nezadovoljavajuci
udzbenici koji sigurno ne mogu biti korektiv koji bi kompenzirao ove nedostatke.
Kao jedini izlaz vidimo period njihova studiranja na uciteljskim studijima u kojem bi
se matematici i metodici nastave matematike trebalo posvetiti mnogo vise vremena
i paZnje. Mnogo viSe paznje treba posvetiti i selekciji kadrova na uciteljskim studi-
jima, kao i osvjeStavanju studenata, buduéih ucitelja o kompetencijama koje se od
njih ocekuju. Bez kvalitetnih ucitelja nema ni kvalitetnog temelja matematickom
obrazovanju, bez dobrih matemati¢kih temelja nema ni uspjeha u matematici u
viSim razredima, a bez tog uspjeha iz skole ¢e nam opet izlaziti matematicki nepis-
mena mladez koja ¢e odabirati uciteljski poziv. Na taj nacin ¢e se nastaviti lanac
neuspjeha matematicke nastave, iracionalnog i pogubeljnog straha od matematike
te stigme matematike kao “bauk” predmeta.
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Prilog — Test s razredbenog ispita

MATEMATIKA
Dragi pristupnici, u pravokutnike s desne strane upiSite samo rezultat zadatka.

Prije nego zapoCnete rjesavati zadatke, PAZLJIVO PROCITAITE TEKST.
Zadataka ima 19, a svaki tocno rijeSeni nosi 1 bod. SRETNO!!!

ZADATAK PROSTOR ZA
REZULTAT

1. Koliko kubi¢nih decimetara ima obujam kocke
s bridom 0,5 m?

2. Rak se kreée pravocrtno 2 koraka naprijed pa
1 korak natrag. Svaki mu je korak dug 1 cm.
Koliko se centimetara od pocetne tocke udaljio
rak nakon 15 koraka?

3. Napisi broj 699 rimskim znamenkama.

a+a—6

4. Skrati razlomak
a+3

5. Ako je umanjenik najveéi parni trozna-
menkasti broj, a umanjitelj najmanji neparni
troznamenkasti broj, kolika je razlika?

2

x+2

6. Rijesi jednadzbu =x-3.
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10.

11.

12.

13.

Koliko litara goriva trosi automobil na svakih
100 prijedenih kilometara puta, ako je na putu
od 3800 km potrosio 361 litru?

Ako je f (x) = 2x — 3, koliko je f (—1)?

Nadi sve prirodne brojeve koji su rjeSenja ne-

jednadzbe 5 — x > 2.

Kolika je povrsina skiciranog lika?

20

10

15

Ako je radnik za 12 dana obavio dvije trecine
posla, koliko mu treba da obavi cijeli posao
ukoliko uvijek radi istim tempom?

IzraCunaj —2 <§ + g) — §
. 27 7) T

Koliki je zbroj prva tri prosta, dvoznamenkasta
broja?
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14.

15.

16.

17.

18.

19.

Ako jedan kut u trokutu ima 35°, a drugi je
dvostruko veéi od njega, koliki je tre¢i kut tog
trokuta?

Nadi najveceg zajednickog djelitelja brojeva
168 1 264.

Kako se zove stoti dio osnovne jedinice za
mjerenje mase?

Koji je broj sljedeci u nizu 1, 4, 9, 16, 25, 36,
49, ...

Ako geometrijsko tijelo ima jednu bazu koja
je kvadrat i pobocke koje su jednakokracni
trokuti, o kojem je tijelu rijec?

Kolika je prva koordinata tocke T'(x, —7) ako
znamo da ona leZi na pravcu 2x —y — 3 = 0?
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Istrazivanje prostornog zora studenata
nastavnickih smjerova matematike na

PMF — Matematickom odjelu Sveudilista
u Zagrebu

Aleksandra Cizmesija and Zeljka Milin Sipus
PMF — Matematicki odjel, Sveuccilisste u Zagrebu, Hrvatska

SaZetak. Prostorni se zor moZe definirati kao intuicija o oblicima
i njihovim medusobnim odnosima, a obuhvaéa sposobnost stvaranja,
pamcenja, rekonstruiranja i transformiranja dobro strukturiranih vizual-
nih (mentalnih) slika. Osobe s razvijenim prostornim zorom imaju
osjecaj za geometrijske aspekte svoga okruZenja i oblike koje tvore
objekti koji se u njemu nalaze. Prostorni je zor vaZan aspekt ge-
ometrijskog miSljenja, Cije razvojne razine opisuje opceprihvacena
Van Hieleova teorija (P. Van Hiele i D. Van Hiele-Geldorf, 1959).
Njome se razlikuje pet hijerarhijskih razina razumijevanja prostornih
ideja, redom: vizualizacija, analiza, neformalna dedukcija, dedukcija
i strogost. Bududi da je razvoj geometrijskog misljenja, a osobito
prostornog zora, jedan od kljucnih ciljeva nastave matematike u os-
novnoj i srednjoj skoli, provedeno je pocetno istraZivanje prostornog
zora i Van Hieleovih razina na populaciji studenata nastavnickih studija
matematike na PMF — Matematickog odjela Sveucilista u Zagrebu. U
ovome ¢emo izlaganju prezentirati njegove rezultate i diskutirati ih u
kontekstu postavljenih ishoda ucenja geometrije na razini osnovne i
srednje Skole te sveucilisSnog obrazovanja nastavnika matematike. Uz
to, rezultati ¢e biti analizirani i iz perspektive rodnih razlika.

Kljucne rijeci: geometrijsko misljenje, prostorni zor, Van Hiele-
ova teorija, pocetno istraZivanje, studenti — buduéi nastavnici matem-
atike

Kontakt adrese:

Dr. sc. Aleksandra Cizmesija, izv. prof.
Matematicki odjel

Prirodoslovno matematicki fakultet
SveuciliSte u Zagrebu

Bijenicka cesta 30, HR — 10 000 Zagreb
e-mail: cizmesij@math.hr

Dr. sc. Zeljka Milin Sipug, izv. prof.
Matematicki odjel

Prirodoslovno matematicki fakultet
Sveuciliste u Zagrebu

Bijenicka cesta 30, HR — 10 000 Zagreb
e-mail: zeljka.milin-sipus@math.hr
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Primjena osnovnih matematickih
koncepata i vjeStina u kontekstu fizike

Zeljka Milin Sipu§, Maja Planini¢

Prirodoslovno matematicki fakultet, SveuciliSte u Zagrebu, Hrvatska

SaZetak. U edukacijskim istrazivanjima u svijetu identificirani
su neki temeljni matematicki koncepti i vjeStine, koji predstavljaju
znacajan problem ucenicima, a vazni su i za matematiku i za fiziku.
To su svakako interpretacija grafova, vektori, proporcionalnost, te

interpretacija matematickih izraza.

U ovom ¢emo izlaganju diskutirati postavljene ishode ucenja u
nastavi matematike i fizike, a koji se tiu navedenih koncepata i
vjestina. Nadalje, osvrnut ¢emo se i na rezultate pocetnog istraZivanja
ucenickih razumijevanja grafova u matematici i fizici provedenog na

uzorku gimnazijalaca.

Kljucne rijeci: edukacije matematike, edukacije fizike, inter-

pretacija grafova

Kontakt adrese:

izv. prof. dr. sc. Zeljka Milin Sipus
Matematicki odjel

Prirodoslovno matematicki fakultet
SveuciliSte u Zagrebu

Bijenicka 32, HR — 10000 Zagreb

e-mail: zeljka.milin-sipus@math.hr

dr. sc. Maja Planinié

Fizicki odsjek

Prirodoslovno matematicki fakultet
SveuciliSte u Zagrebu

Bijenicka 32, HR — 10000 Zagreb
e-mail: maja@phy.hr
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Utjecaj strategija ucenja i poucavanja na ishode
ucenja
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Szamelméleti jaték sakkfigurakkal

Emil Molnar

Matematika Intézet, Budapesti Miiszaki és Gazdasagtudomanyi Egyetem, Hungary

(Edesapém, Molnar Erné emlékére,
aki els@ igazi matematika tanarom volt)

Osszefoglalé. JOl tudjuk, hogy a sakkjdtékban N = 32 figura van.
(De az alabbi jatékot nemcsak sakk-figurdkkal, hanem kovekkel és mds
jatékeszkozokkel, tovabbd papirral és ceruzdval, stb. is jatszhatjuk). Két
jatékos, a kezdd B és a masodik S felvaltva veszik el a sakkfigurakat,
mindegyik legaldbb a = 1 darabot, de legfeljebb A = 4 darabot.

Az nyer, aki az utolsé sakkfigurat elveszi.

Tobb kérdést tehetiink fel: Példaul, igaz-e, hogy a kezdé B
mindig nyer? Ha igen, hogyan kell jatszania? Hogyan moddositsuk a
jatékszabalyokat, pl. A vagy N értékét, hogy a masodik S nyerjen?

Hasonl6 kérdések taldn jobban megvilagitjak a jatékelmélet és
parhuzamosan az elemi
szamelmélet néhany fontos fogalmanak a szerepét, remélhetSen
szérakoztaté médon.

Kulcsszavak: szamjaték, kivonds adott szaballyal, maradékos
osztas, primszdmok

A jaték atfogalmazasa

Mindjart az elején atfogalmazzuk jatékunkat dgy, hogy papirral és ceruzaval
két gyermek is jatszhassa, vagy még inkabb a tdblan krétaval jatszhassa az el6adé a
hallgatésag képvisel§jével, mint itt most a konferencian. Vagy egy altalanos isko-
lai osztdlyban a tandr jatszhatta valamelyik tanuldval, mint ahogy az velem is
megtortént, amikor tanarjelolt voltam (tobb mint 40 évvel ezel6tt).

A jaték elején felirjuk a 32 kezdGszamot (ezt N-nel jeloljik) a tablara. A
tanulonak, mint kezdGjatékosnak (B-vel jeloljiik) kell felirnia a kvetkezd szamot
ugy, hogy az legaldbb a = 1-gyel, de legfeljebb A = 4-gyel kisebb legyen a
N = 32 kezdGszamnal. Ezutdn jon a tandr, mint masodik (S-sel jeloljiik), akinek
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az el6bb rogzitett szabalyok szerint kell kisebbet {rnia a tdblan 1év6 Gj szdmndl, és
igy tovabb. Az nyer, aki a 0-t (nulldt) felirja a tdbldra a jdték végén.

Mondjuk, az elején a B tanul6 felirja a 29-es szadmot, aztan az S tanar kovetkezik

28-cal, és igy tovabb, B: 24, S: 20, B: 16, S: 15, B: 12, S: 10, B:?

L.

Kozeledik a végjdték, és a tanuld rajon, hogy vesziteni fog. Hiszen barmelyiket
is irja fel B a 9, 8, 7, 6 szdmok koziil, S az 5-6st irja fel, és legkozelebb a
0-t, barmit is valaszt B a 4, 3, 2, 1 koziil. Ezutan elemezhetjiik a jaték tablai
Jjegyzokonyvét. Hol vesztette el B, illetve nyerte meg S a jatékot?

Tehat a jdték elemzését ellenkezd irdnyban végezziik, a végén kezdve haladunk
az elejéig. Hamar kideriil, hogy S mar akkor megnyerte a jatékot, amikor a
20-at felirta, hiszen utdna — a szabalyok szerint — kovetkezetesen irhatta a 15,
10, 5, 0 szamokat. Természetesen B nyerhetett volna, ha § irja fel a 25-6t és
korabban a 30-as szamot a jaték elején.

Ezutdn a tanulé, mint kezdd B, meg tudja fogalmazni nyerdstratégidjdt. ElGszor
a 30-as szdmot frja fel a tabldra, majd a 25, 20, 15, 10, 5, 0 kovetkezik. Es ezt
megteheti a jaték szabdlyai szerint, hiszen a = 1, A = 4 miatt A 4+ a = 5-tel
tudja el6z6 szamat csokkenteni, és 32 = 6 x 5 4+ 2 a maradékos osztas sz-
erint. A maradék 2 lesz, ha az N = 32 kezd&szambdl egymasutdn elvesziink
A+ a = 5-6t.

Természetesen a mdsodik jdtékos, S nyerhetett volna ha, N = 30 lett volna a
kezd6szam. Vagy N = 32 esetében, ha a maximalisan kivonhaté szdm A = 7
(vagy 3, 15, 31) lett volna, mivel 32 =4 x 8 (8 x 4,2 x 16, 1 x 32).
Osszefoglalhatjuk a jaték lényegét a jatékszabdlyok, vagyis a N, A, a € N (a
természetes szamok halmazéanak jele) N > A > a > 0 ismeretében. Tegyiik
fel, hogy

N=kx(A+a)+r (nkeN,0<r<A+a)

a maradékos osztds (vagy egymasutani kivondsok) eredménye.

i) B nyer, haa < r < A. Ebben az esetben elGszor az N — r = k X (A + a)
szamot irja fel, majd igy tovdbb a ..., A + a szamot és a O-t, ez a B

VI

kezd@jatékos nyerdstratégidja.

ii) S nyer (vagyis B veszit), ha r = 0.

iii) Ho0 < r < avagy A < r < A + a, akkor sem B-nek, sem S-nek nincs
nyerdstratégidja, de mindkét jdatékos elérheti a dontetlent (remis, francidul,
az utolsonak a-ndl kevesebb, 0-ndl nagyobb marad) bdrmilyen jol is jdtszik
a partmer. Ugyanis, B a-val csokkent, ha 0 < r < a (és A +a < N); és
A-val csokkent ha A < r < A 4 a. Ugyanigy tesz S, amikor 6 kovetkezik.
Ha valamelyikiik nagyot hibdzik, a mdsik nyerhet, de tobb dontetlen helyzet
isvan, hal < a elég nagy.

Szamelméleti megjegyzések

Nyilvanval6, hogy a jatékszabdlyokat megvaltoztathatjuk ugy, hogy valame-

lyik jatékosnak, a B (kezd§) tanuldnak, vagy a (masodik) S tandrnak kedvezzen.
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Ha a kezd6 B mondja meg a N > A > a > 0 szdmokat, akkor 6 nyer. Ha
elészor B rogziti N-et, S valasztja A-t €s a — ¢, akkor S fog nyerni.

Hogy a dontetlent kizérjuk, tegyiik fel, hogy a = 1. Hogy a konnyd jatékot is
kizarjuk, legyen N >> A, vagyis a kezd6szam sokkal nagyobb mint a maximalis
kivonhat6 szdm. Ekkor a primszdmok is szerephez jutnak. Ha B a N kezdGszdmot
primszdmnak valasztja, példaul 31-nek, akkor S nem tud olyan A szdmot mondani,
hogy & nyerjen, hiszen A = 30 nyilvan nem lenne sportszerii szabdly.

Es igy tovibb, ezt a jdtékot teljesen kielemeztiik.

Mas jatékok, a sakkjaték

Néhany altalanos megallapitast is tehetiink a kétszemélyes jatékokra, példaul a
sakkra, és bizonyos egyszemélyes jdtékokra (rejtvényekre, feladvanyokra), példaul
a Rubik-kocka visszarendezésére, de az utdbbiakkal most nem foglalkozunk.

A sakkjaték jol ismert szabdlyai mar tobb mint ezer évesek. Ezekhez bi-
zonyos, elég absztrakt elirdsok kellenek, melyek a sakktdbldra és a sakkfigurdk
lépésmaodjdra vonatkoznak, éppen Ugy, ahogy fenti jatékunkban a N, A, a szdmokra
és a veliik torténd miveletekre (a kivondsra) tettiink kikotéseket. Ezek a szabalyok
ugyanazok a kezdG B-re (fehér sakkfigurakkal jatszik) és az S masodhiizéra (fekete
figurakkal jatszik).

1. A végjdték a jdték legfontosabb része, igy van ez a sakkban is.

2. A jdték lényegét a végétdl visszafelé haladva kell megérteniink. A sakkban
alapvet§ szerepiik van a matt-adasi eljarasoknak (példaul kirallyal és vezérrel a
masik szind kirdllyal szemben, stb). Altalaban a végjdtékbeli ismert nyerédlldsok,
meghatdrozzdk a kordbbi stratégidkat.

3. A sakkban a jdték kezdetétol indulo nyerdstratégia, ha ilyen van egyaltalan,
nem ismert, és nem is reményteljes erre torekedni. Ugyanez igaz a dontetlen-
stratégidkra. Ez jelenti éppen a sakkjaték csoddjat, szépségét, mivészetét,
tudomdnyét, és még sok mindent, amiért érdemes sakkozni.

4. De az 5-figurds végjdtékokat mdr szdamitogépekkel megoldottdk (ez a legutobbi
informdciom). Ez azt jelenti, hogy barmely 5-babos végjaték-allast tesziink fel,
a szamitégép eldonti, vajon a kezd§ nyer, veszit, vagy a jatszma dontetleniil
végzddik. Természetesen feltessziik, hogy mindketten a legjobban jdtszanak,
vagyis két tokéletes szamitdégép-program kiizd egymds ellen.

Az axiomatikus moédszer, mint jaték, zaré megjegyzések

A modern matematika bizonyos részeit, melyeket mdr elég jol axiomatizdltak,
individudlis jdtékoknak is tekinthetiink. A matematikus(ok), mint jatékos(ok) az
emberiséget is képviselik. Az alapfogalmakat, mint a szimok, geometriai alakza-
tok (pontok, egyenesek, sikok, vagy a tér maga), a rdjuk vonatkozé kapcsola-
tokkal, miiveletekkel, logikai, gondolkodasi szabalyokkal egyiitt tigy tekinthetjiik,
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mint jatékszabdlyokat. Ezek az emberi tdrsadalom kiemelkedS személyiségeinek,
tudésoknak, .. .tapasztalatain, felismerésein, egyezményein alapulnak. Ezeket a
jatékszabdlyokat gytjtik 6ssze az axidémakban, melyek a matematika bizonyos
sztik teriileteire vonatkoznak, de a fizikara és mas tudomanyokra, sét talan még
tarsadalom-tudoméanyokra is vonatkozhatnak.

Egy matematikai eredmény a bizonyitasaval egyiitt Gigy is tekinthetd, mint egy
jatékszabdlyokon alapulé eljaras terméke. A 1épések hasonlék azokhoz melyeket
eddig érzékeltettiink. A végjaték elemzésével kezdjiik visszafelé haladva, hogy
nyerdstratégiat taldljunk, ha ilyen egyaltalan 1étezik. Mdr tudjuk, hogy ilyen
stratégia dltalaban nem létezik. David Hilbert, Kurt Godel, a magyar Neumann
Janos, csak példaként emlitve, tevékenysége kapcsolddik témankhoz. Az emberi
torténelem, kultdra, tudomdny és mivészet aldtdmasztja sokunk megéllapitasat:
“Az élet — jdték”.

A kiinduldsi jdtékunktol most mdr messzire jutottunk. Sakkozni édesanyamtol
tanultam elGszor, majd apamtdl, és ma is sakkozom. Apam, Molndr Erné (1912-
1994) tanitott meg arra a jatékra, melyet ebben az elGadasban elemeztem, éppen
sakkfigurdk segitségével. Akkoriban éppen ennek a jatéknak a problémdjat oldotta
meg, melyet a Matematika Tanitdsa cimd folyéiratban tiiztek ki tandrok szamara.
A Bolyai Janos Matematikai Tarsulat és a Magyar Oktatasi (és Kulturalis) Min-
isztérium ezen folydirata ma is létezik. Lelkes tanarok oldjdk meg a feladatokat
képességeik és ismereteik gyarapitdsdra és a sajit gyonyortiségiikre.

Itt is megkoszondm kedves kollégaimnak Molndr Sdska Gdbornak és Ldngi
Zsoltak segit6 javaslataikat.

Kontaktus cim:

Dr. Molnér Emil, egyetemi tanar

Geometria Tanszék

Matematika Intézet

Budapesti Miiszaki és Gazdasdgtudomanyi Egyetem
XI. Egry J. u. 1. H. II. 22, H — 1521 Budapest
e-mail: emolnar@math.bme.hu
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Z.abavna matematika u nastavi matematike

Zdravko Kurnik

Prirodoslovno matematicki fakultet, SveuciliSte u Zagrebu, Hrvatska

SaZetak. U svim dosadasnjim reformama na podru¢ju matematickog
obrazovanja ucenika traZio se suvremeniji put stjecanja znanja, bolji
nacin ucenja i prenoSenja odredenih novih spoznaja znanosti u nas-
tavni predmet te znanosti. Osuvremenjivanje nastave matematike I
rastere¢enje ucenika moze se posti¢i na razne nacine. U clanku se
opisuje jedan od novih oblika rada koji vodi u tome pravcu — zabavna
matematika.

Kljucne rijeci: matematika, zabavnost, zabavna matematika,
rastereCenje

Prvi dojam koji kod ucenika i nastavnika matematike izaziva gornji naslov jest:
matematika i zabava! O matematici se uobicajilo misljenje kao o teSkom nastavnom
predmetu, za uenje kojega je potrebno uloZiti dosta vremena, napora i truda. To
je tocno. Matematika je bez sumnje tezi nastavni predmet, pa pri usvajanju novog
gradiva ucenici Cesto osjecaju stanovit psiholoski pritisak. U nastavi matematike
jos uvijek prevladavaju tradicionalni oblici rada i nastavne metode, a njezin osnovni
cilj je puko usvaJanJe gradiva propisanog nastavnim programom i stjecanje znanja
koja se temelje na nizu pravila, formula i umijeca rjesavanja standardnih zadataka.
Uspjesno svladavanje nastavnog gradiva Cesto znaci samo usvajanje joS vise novih
informacija i Cinjenica i moZe rezultirati daljnjim optereCenjem ucenika. To nije
dobro. Umjesto preoptereCenja pamcenja ucenika velikim brojem cinjenica treba
pobudivati i pokretati njihovo misljenje i nastojati da dobar dio novih znanja stjecu
vlastitim snagama i sposobnostima. Da bi se to postiglo, nuzno je neprestano
osuvremenjivati nastavu matematike.

U svim dosada$njim reformama na podrucju matematickog obrazovanja ucenika
traZio se suvremeniji put stjecanja znanja, bolji nacin ucenja i prenosenja odredenih
novih spoznaja znanosti u nastavni predmet te znanosti. Osuvremenjivanje,
posebno u nastavi matematike u osnovnoj Skoli, moZe se u prvom koraku postiéi
¢es¢om izmjenom poznatih nastavnih metoda i njihovim poboljSanjem. Ali to nije
dovoljno. Potrebno je uvoditi nove oblike rada, promijeniti uvrijeZenu predodzbu
0 matematici i pokazati da matematika moZe biti lagana i zabavna. Naravno,
uvodenje novih oblika rada zahtijeva od nastavnika matematike ozbiljnu pripremu
i dodatni napor. Medutim, sve to ne bi trebalo biti niSta prema zadovoljstvu koje bi
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trebao osjecati nastavnik matematike kad vidi interes ucenika i njihovo usvajanje
novog gradiva bez psiholoskog opterecenja i prisile.

1.1.1.1 Ucenici su se s neobicnim matematickim zadacima vec susretali i
susrecu se u matematickim casopisima za ucenike i drugdje, a nastavnici matem-
atike u nekim skolama veé povremeno drugacije rade, uvode nove oblike rada sa
zanimljivim i zabavnim matematickim sadriajima koji ublaZuju teZinu nastavnog
predmeta. Tako dolazimo do spoznaje da matematika uistinu moZe biti laksa i
zabavna. Ucenicima koji su skloni matematici ona je dovoljno zanimljiva i zabavna
ve¢ sama po sebi. Matematika moZe postati zanimljivija i drugim ucenicima ako
se nastava matematike proZme drukcijim sadrZajima.

Evo nekih suvremenih moguénosti: Izrada panoa sa zanimljivim i zabavnim
matematickim sadrzajima, izrada modela geometrijskih tijela, matematicki kvi-
zovi, matematicke igre, matematicke krizaljke, matematicki projekti, matematicka
otkrica pomocu raCunala, matematika u prirodi, Skolski matemati¢ki Casopis,
zabavni matematicki zadaci, zabavni sati i dr.

U svakom od ovih novih oblika rada sadrzan je element zabavnosti. Tako je
izrada panoa kreativni ¢in koji u€enicima otkriva zadovoljstvo stvaralatkog rada.
Taj rad osim odredenog obrazovnog u€inka ima i zabavni karakter: stjecanje znanja
kroz razonodu! Matematicke krizaljke su zanimljiv oblik rada koji omoguéuje da se
ucenici u odredenom trenutku opuste, odmore i pripreme za nastavak nekog novog
napornog rada. Kao i sve krizaljke, i matematicke krizaljke su zabavne, ali imaju
i obrazovni karakter, najvise kao sredstvo provjere steCenog znanja. Matematicka
otkri¢a pomocéu racunala mogu u ucenika izazvati odusSevljenje, a to je najvisi
stupanj u nacelu interesa. OduSevljenog ucenika matematika viSe ne opterecuje,
ve¢ zabavlja! Na sli¢an nacin mogli bi ukratko navesti i ulogu i obrazovni u€inak
ostalih navedenih novih oblika rada.

Svi ti elementi zabavnosti mogu se objediniti u jedinstvenu cjelinu koju danas
nazivamo — zabavna matematika. U ovom clanku predmet naseg interesa je
upravo ta matematic¢ka disciplina. Zabavna matematike najlakse se moze prepoz-
nati po zabavnim zadacima. Izbor zabavnih zadataka je velik. Gotovo za svaku
nastavnu temu, za svaku nastavnu jedinicu, za svaki matemati¢ki pojam moZe se
pronadi niz zadataka koji o tome ¢pri¢ajuc na zabavan nacin. Zabavni zadatak mozZe
biti lijep uvodni motivirajuci primjer prije obrade nekog matematickog pojma ili
kao osvjeZenje ponekad krute nastavne situacije.

Sto su zapravo zabavni zadaci? Evo glavnih znacajki kojima se odlikuje takva
vrsta zadataka i po kojima ih moZemo prepoznati:

1) Zabavni zadaci su matematicke minijature za Cije je rjeSavanje dovoljno najos-
novnije znanje iz aritmetike, algebre i geometrije.

Formulacije zadataka su jednostavne i svakome razumljive.

Tekstovi su pisani u obliku malih duhovitih priica iz svakidaSnjeg Zivota.
Vece matematicko predznanje nije uvijek garancija brZzeg rjeSavanja.

Problemi nisu uvijek lagani, mnogi od njih zahtijevaju prili¢an umni napor,
logi¢ko rasudivanje, a posebno domiSljatost u pronalaZenju puta njihovog
rjeSavanja.

ESNIRUSEN o)
— — N —

9]
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6) Vaznu ulogu u ljepoti takvih zadataka Cesto igraju i duhovite ilustracije.

7) Osnovne vrijednosti: razvijanje logickog rasudivanja i domisljatosti, pobudivanje
interesa za matematiku, popularizacija matematike.

Podru¢ja zabavne matematike: neobicna svojstva brojeva, brojevi i slova
u likovima, igre s brojevima, geometrijska tijela, iste znamenke, jednim pote-
zom olovke, kombinatorni problemi, likovi, logicke minijature, magicni kvadrati,
matematicke igre, pokrivanje likova, racunski kriptogrami, razrezivanje likova,
sastavljanje likova, Sibice i Stapici, testovi i dr.

Recimo par rijeci i o neposrednoj namjeni zabavnih zadataka. Zabavna matem-
atika namijenjena je SVIMA: ucenicima, uciteljima i profesorima matematike,
roditeljima i svim ostalim ljubiteljima matematike! Jer, za svakoga ima ponesto
zanimljivo i zabavno.

Problemi iz zabavne matematike namijenjeni su ipak prije svega ucenicima
osnovne Skole predmetne nastave, ali i u€enicima niZih razreda srednje Skole zbog
razliitog stupnja teZine problema.

Zabavni zadaci nisu uvijek samo zabava. Oni mogu biti i dopuna nastavnog
programa matematike u tom smislu da u umni rad ucenika i nastavu unose one el-
emente za koje u redovnoj nastavi nema dovoljno vremena: duhovita kratka prica,
humor, domisljatost, psiholosko rasterecenje.

Nastavnik matematike treba posebnu pozornost obratiti na tezinu zadataka,
jer nije svejedno, primjerice, govoriti o prostim brojevima u osnovnoj Skoli ili u
srednjoj Skoli. Pa ¢ak ni na zabavan naCin. Zabavan zadatak ne znaci uvijek i lagan
zadatak. Takoder rjeSenja zabavnih zadataka ne trebaju uvijek biti iscrpna. Trebaju
biti dovoljna za razumijevanje, ali treba ostaviti i dovoljno prostora za promisljanje
ucenika. U zabavnoj matematici nisu cilj mukotrpna izracunavanja, vec ideja i
zadovoljstvo otkrivanja neceg zanimljivog i neobi¢nog. Ponekad veé pogled na
rjeSenje neobi¢nog problema moZe osvjeZiti i zabaviti.

Pogodni trenuci za primjenu:

Pocetak Skolske godine (nastava matematike joS nije “ozbiljno” krenula;
zabavni zadaci vrlo su pogodno sredstvo da nastavi daju pocetni zamah i potaknu
interes ucenika za ucenje matematike; za tu svrhu posebno su pogodni zadaci iz
podrucja: MJERENJA, VAGANIJA, PRETAKANIJA).

Redovna nastava (zabavni zadaci mogu posluziti kao uvodni motivirajui
primjeri, osvjeZenje, igra).

Domacda zadaca (izbor zadataka za domacu zadadu treba povremeno obogatiti
ponekim zadatkom neobi¢nog sadrzaja i zabavnog karaktera; takva domaca zadaca
mogla bi posluziti za “okupljanje” i “sudjelovanje” cijele obitelji!).

Ispravljanje slabih ocjena (zamorna i iscrpljujuca atmosfera; posebno su za-
postavljeni napredniji ucenici).

Zabavni nastavni sati.
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Kraj Skolske godine (posljednji dani Skolske godine trebali bi biti prirodan
zavrSetak jednog obrazovnog razdoblja i bez prisile, napetosti, vecih ispitivanja
znanja; zavrsetak bi trebao biti zabavan, ali joS uvijek i poucan; za tu svrhu posebno
su pogodne MATEMATICKE KRIZALJKE).
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Metakognicija i samoregulacija u ucenju i
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SaZetak. U danaSnje vrijeme velikih ekonomskih i socijalnih
promjena zahtjevi za novim pristupima ucenju i obrazovanju postaju
sve jaci. Sve se viSe govori o metakogniciji u procesima uéenja i
nastave, koja zajedno s kognicijom i motivacijom predstavlja osnovu
za samoregulaciju, odnosno samostalnom, svrhovitom i trajnom ucenju
s ciljem poboljSanja znanja vjestina i sposobnosti.

U ovom radu raspravlja se o utjecaju, strategiji i trendovima
upotrebe metakognicije i samoregulacije u ucenju i nastavi matematike.

Kljucnerijeci: metakognicija, samoregulacija, matematika, uenje
1 nastava

Uvod
Ucenje i razumijevanje: 7 nacela

NCTM (National Council of Teachers of Mathematics) je u svojim poznatim stan-
dardima 2000. godine predloZio sljede¢a nacela za matemati¢ko obrazovanje:

Jednakost
Kurikulum
Nastava
Ucenje
Ocjenjivanje
Tehnologija

SRR e e

Takoder je istaknuto 7 nacela za u€enje i razumijevanje:
1. Princip konceptualnog znanja
Ucenje s razumijevanjem olakSano je kada se novo i postojece znanje strukturira
oko glavnih koncepata i nacela odredene discipline.
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2. Prethodno znanje
Ucenici koriste postojee znanje da izgrade novo s razumijevanjem.
3. Metakognicija
Ucenje se bitno olaksava koriStenjem metakognitivnih strategija koje identifi-
ciraju, prate i reguliraju kognitivne procese.
4. Razlike izmedu ucenika
Ucenici imaju razliCite strategije, pristupe, vrste sposobnosti i stilove ucenja
koji su funkcija interakcija izmedu njihova naslijeda i prethodnog iskustva.
5. Motivacija Motivacija uCenika da uci i njegova samosvijest utjecu na ono §to
e biti uceno, koliko ¢ée biti uceno i koliko ée se napora uloZiti u proces ucenja.
6. Situirano ucenje
Cine ga praksa i aktivnosti u kojima uéenici, dok uce, oblikuju ono §to je
nauceno.
7. Zajednice ucenja
Ucenje se obogacuje kroz procese socijalno podrzanih interakcija.
Metakognicija je koncept koji se odnosi na uenje, a prvi ga je put opisao
John Flavell 1976. godine. Ukratko, metakognicija je “miSljenje o miSljenju” ili
“znanje o znanju”. Postoje mnoge definicije metakognicije, od kojih je mozda
najprikladnija, a i najkraéa, Brownova iz 1987. godine — “Metakognicija se odnosi
na znanje i upravljanje kognitivnim sustavom pojedinca”.

Metakognicija i samoregulacija

Nadalje, Brown 1987. te Garner i Alexander 1989. godine definiraju metakog-
niciju kao skup znanja i izvr$nih kontrola o procesu ucenja.

Znanje

Relevantan je nacin na koji pojedinci procesuiraju informaciju, pri ¢emu razliku-
jemo tri vrste znanja:
1. Osobno znanje ili znanje o tome kako svaki Covjek ponaosob uci ili obraduje
informaciju, npr.:
e “ja najbolje u¢im ujutro”
e ”ljudi trebaju povratnu informaciju (engl. feedback) o adekvatnosti njihova
razumijevanja da bi ucili efektivno.
2. Znanje o zadatku, odnosno znanje o razli¢itim tipovima zadataka koji se uce.
e “lakSe je prepoznati ili ne prepoznati da je neSto toCno nego se prisjetiti
tocne informacije”.
3. Stratesko znanje ili znanje o efektivnosti odgovarajucih strategija ucenja.
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Upravljanje kognitivnim sustavom (izvr§ne kontrole)

1. Prognoziranje
Na primjer, koliko je teZak odredeni zadatak, tj. odredeno poglavlje u knjizi i
sl.

2. Planiranje se odnosi na ono $to ¢e se raditi za vrijeme ucenja pri izboru odgo-
varajuce strategije itd.
3. Monitoring (nadgledanje) procesa ucenja koji ukljucuje:
a) S$to mi znamo o materijalu koji se uci
b) $to mi ne znamo, a trebamo znati kako bi postigli ciljeve ucenja
¢) koliko razumijemo materijal koji u¢imo.
4. Evaluacija (vrednovanje) rezultata razlicitih prethodno navedenih aktivnosti.

Metakognicija je “maglovit koncept” jer nema definicije koja bi bila opéepri-
hvacena, ali se gotovo svi slazu da ona ukljucuje znanje i upravljanje kognitivnim
procesima. Cesto je veoma tesko razlikovati kogniciju od metakognicije.

Samoregulirajuce ucenje odnosi se na nasu sposobnost da razumijemo i kon-
troliramo okruzenje u kojem uc¢imo. Kako bismo to mogli, moramo postaviti
ciljeve, odabrati strategije koje nam pomaZu postiéi te ciljeve, implementirati te
strategije i promatrati na§ napredak u postizanju ciljeva (Schunk, 1996.). Malo
je ucenika/studenata koji se mogu potpuno samoregulirati. Oni s razvijenijim
vjeStinama samoreguliranja uce vi$e s manje napora i postizu bolje rezultate (Pin-
trich, 2000.; Zimmerman, 2000.).

Samoregulirajuée ucenje ima korijene u teoriji socio-kognitivnog ucenja Al-
berta Bandure (Bandura, 1997.). Osnova Bandurove teorije jest da je ucenje rezultat
faktora okruzZenja i ponasanja te osobnih faktora.

Osobni faktori ukljucuju ucenikova uvjerenja i stavove koji utjeCu na ucenje
i ponaSanje. Faktori okruZenja ukljucuju kvalitetu instrukcije, uciteljeve povratne
informacije, pristup informacijama i pomo¢ roditelja. Faktori ponaSanja ukljucuju
ucinke prijas$nje izvedbe. Svaki od tih triju faktora utje¢e na preostala dva.

Tijekom posljednja dva desetljeca istraZivaci su primijenili Bandurovu socio-
kognitivnu teoriju i na ucenje. To je dovelo do razvoja teorije samoregulirajuceg
ucenja, prema kojem na ucenje utjeCe skup razli¢itih interaktivnih kognitivnih,
metakognitivnih i motivacijskih komponenti (Butler i Winne, 1995.; Zimmer-
man, 2000.). Socio-kognitivni pravci samoregulirajuéeg ucenja tvrde da pojed-
inci postaju sposobni samoregulirati ucenje napretkom kroz Cetiri stupnja razvoja:
stupanj promatranja, oponasanja, samokontrole i samoregulacije (Schunk, 1996.;
Zimmerman, 2000.). Ucenje na stupnju promatranja usredotoCuje se na modeli-
ranje, dok se ucenje na stupnju oponasanja usredotocuje na drustveno vodenje i
davanje povratnih informacija. Oba stupnja naglasavaju vanjske socijalne faktore.
Za razliku od navedenih faza ucenja, kako se ucenici razvijaju, sve se vise oslan-
jaju na unutarnje, samoregulirajue vjestine. Na stupnju samokontrole, ucenici
izgraduju unutarnje standarde za prihvaéanje izvedbi i poticanje samih sebe kroz
pozitivno razmiSljanje i povratne informacije. Na stupnju samoregulacije, po-



184 I. Mrkoniji¢, V. Topolovec, M. Marinovi¢

jedinci imaju snaZna uvjerenja o svojoj ucinkovitosti te Sirok spektar kognitivnih
strategija koji im omoguéuju da samoreguliraju svoje ucenje.

Samoregulirajuée ucenje sastoji se od tri glavne komponente: kognicije,
metakognicije i motivacije. Kognicija ukljucuje vjeStine potrebne za kodiranje,
pamdéenje i prisjeCanje informacija. Metakognicija ukljucuje vjestine koje omogucuju
ucenicima da razumiju i promatraju svoje kognitivne procese. Motivacija ukljucuje
uvjerenja i stavove koji utjeCu na upotrebu i razvoj kognitivnih i metakognitivnih
vjestina. Svaka od tih triju komponenti jest potrebna, ali nije dovoljna za samoreg-
ulaciju. Primjerice, oni koji posjeduju kognitivne vjeStine, a nisu motivirani da ih
upotrebljavaju, ne postizu onoliko koliko oni koji posjeduju vjestine i motivirani
su da ih upotrebljavaju (Zimmerman, 2000.). Sli¢no, oni koji su motivirani, a
ne posjeduju potrebne kognitivne i metakognitivne vjeStine, Cesto ne uspijevaju
dosegnuti visok stupanj samoregulacije.

Tri osnovne komponente mogu se dalje podijeliti na podkomponente koje su
prikazane na Slici 2.1. Ovdje ne¢emo (osim metakognicije) detaljnije raspravljati
o ovim podkomponentama.

Samoregulirajuce

ucenje
Kognicija Metakognicija Motivacija
Jednostavne strategije =~ Znanje o kogniciji Samoucinkovitost
Rjesavanje problema Regulacija kognicije Epistemologija

Kriticko razmisljanje

Slika 1. Samoregulacija.

Mjerenje metakognicije

Brojna istraZivanja pokazala su da su metakognitivno svjesni ucenici bolji u
ucenju od drugih. Planiranje, procjenjivanje i razmiSljanje o u€enju popravlja nji-
hovu izvedbu. Postoji snaZzna potpora modela metakognicije koji ukljuCuje dvije
glavne komponente — znanje i regulaciju kognicije. Znanje o kogniciji jest znanje
koje ucenici imaju o sebi, o strategijama i uvjetima pod kojima su metode koje
koriste najucinkovitije. Deklarativno, proceduralno i kondicionalno znanje mogu
se smatrati “kamenim blokovima” od kojih je sagradeno konceptualno znanje.
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Deklarativno znanje

— Cinjeni¢no znanje koje ucenik treba prije nego §to procesira ili kriticki razmislja
o temi

— znanje o neCemu, znati nesto

— znanje o vlastitim vjesStinama, intelektualnim, kao i drugim ucenickim sposob-
nostima

— uCenici/studenti mogu ste¢i takvo znanje kroz prezentacije, demonstracije i
rasprave

Proceduralno znanje

— primjena znanja u svrhu izvrSavanja postupka ili procesa

— znanje o tome kako implementirati postupke uCenja (primjerice, strategije)

— zahtijeva od uéenika/studenata da poznaju postupak te kada ga primijeniti u
odredenoj situaciji

— uCenici/studenti mogu stei takvo znanje kroz otkrivanje, suradni¢ko ucenje i
rjeSavanje problema

Kondicionalno (uvjetno) znanje

— odlucivanje o tome u kojim okolnostima treba primijeniti odredeni postupak ili
vjestinu

— znanje o tome kada i zasto koristiti odredeni postupak ucenja

— primjena deklarativnog i proceduralnog znanja pod odredenim uvjetima

— ucenici/studenti mogu steci takvo znanje kroz primjenu (simulaciju)

Regulacija kognicije odgovara znanju o nacinu na koji ucenici planiraju, im-
plementiraju metode, promatraju, ispravijaju pogreske i procjenjuju svoje ucenje.
Jaka povezanost izmedu tih faktora indicira da znanje i regulacija kognicije za-
jednicki pomazu u€enicima da se prilagode uc¢enju na njima najbolji nacin. Upitnik
o svijesti o metakogniciji (MAI, Metacognitive Inventory Awareness) dan u nas-
tavku moZe se koristiti na nacin da se u razredu zapocne rasprava postavljajuci
sljedeca pitanja:

Razmislite o viastitim metakognitivnim procesima.
Koje metode upotrebljavate za promatranje i procjenu viastita uc¢enja?
0d deklarativnog, proceduralnog ili kondicionalnog znanja, u kojemu ste vi na-
jbolji, a u kojima najneucinkovitiji?
Od strategija planiranja, upravljanja informacijama, promatranja, otklanjanja
pogresaka i procjene, u kojima ste najbolji, a u kojima bas i niste?

Oznaci tvrdnju kao to¢nu ili netoc¢nu.
| Tvrdnja |T|N]|
1. Povremeno se pitam ostvarujem li svoje ciljeve.

2. Prije nego Sto odgovorim na pitanje, sagledam nekoliko moguéih odgovora.
3. Pokusavam upotrebljavati nacine koji su se u proslosti pokazali uspjesnima.
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4. Odabirem tempo u€enja da bih imao/la dovoljno vremena za
obavljanje svih zadataka.

Znam koje su moje intelektualne jakosti i slabosti.

Razmisljam o tome $to zaista trebam nauditi prije nego zapo¢nem sa zadatkom.

Znam koliko sam bio/la uspjeSan/na kad zavr§im s ispitom.

Postavljam si konkretne ciljeve prije nego zapo¢nem sa zadatkom.

NERRER

. Usporim kad naidem na vaznu informaciju.

10 Znam koju je vrstu informacija najvaznije nauciti.

11. Pitam se jesam li uzeo/la u obzir sve moguénosti prilikom rjeSavanja problema.

12. Dobar/a sam u organiziranju informacija.

13. Svjesno se usredoto¢ujem na vaznu informaciju.

14. Postoji konkretan razlog za svaku metodu koju koristim.

15. Najbolje u¢im kad mi je ve€ nesto poznato o temi.

16. Znam $to profesor/ucitelj ocekuje od mene da znam.

17. Dobar/ra sam u pamdcenju informacija.

18. Koristim razlicite strategije ucenja, ovisno o situaciji.

19. Pitam se postoji li i laksi nacin izvrSenja zadatka nakon §to zavr§im sa zadatkom.

20. Imam kontrolu nad time koliko uspjesno uc¢im.

21. Povremeno ponavljam, $to mi pomaze pri povezivanju znanja.

22. Postavljam si pitanja o gradivu prije nego Sto zapocnem.

23. Sagledam nekoliko nacina za rjeSavanje problema prije nego odaberem najbolji.

24. Sazmem ono §to nauc¢im nakon Sto zavrsim s ucenjem.

25. Pitam druge za pomoc¢ kad nesto ne razumijem.

26. Mogu se motivirati za ucenje kad je potrebno.

27. Svjestan/na sam strategija koje upotrebljavam kad uéim.

28. Dok u¢im, analiziram korisnost strategija koje koristim.

29. Koristim svoje intelektualne jakosti kao kompenzaciju za svoje slabosti.

30. UsredotoCujem se na znacenje i vaznost novih informacija.

31. Stvaram vlastite primjere kako bi mi informacije bile $to razumljivije.

32. Dobro prosudujem koliko neSto dobro znam.

33. Primjecujem da automatski koristim korisne strategije ucenja.

34. Primjecujem da redovito zastajem kako bih provjerio/la razumijem li nesto.

35.Znam kad ¢e svaka strategija koju koristim biti naju¢inkovitija.

36. Pitam se koliko sam uspjesno ostvario/la svoje ciljeve kad nesto zavr§im.

37. Crtam slike ili dijagrame koje mi pomazu razumjeti §to ucim.

38. Pitam se jesam li sagledao/la sve moguénosti nakon §to sam rije§io/la problem.

39. Pokusavam izre¢i nove informacije vlastitim rijeCima.

40. Mijenjam strategiju kad ne uspijevam razumjeti.

41. Koristim organizacijsku strukturu teksta kao pomo¢ pri ucenju.

42. Pazljivo Citam upute prije nego zapocnem sa zadatkom.

43. Pitam se je li ono $to Citam povezano s onim S§to ve¢ znam.

44. Nastojim procijeniti svoje pretpostavke kad se zbunim.

45. Organiziram svoje vrijeme kako bih §to uspje$nije ostvario/la svoje ciljeve.
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46. Bolje u¢im kad me tema zanima.

47. PokuSavam ucenje podijeliti na manje korake.

48. UsredotoCujem se na cjelovito znacenje, a ne na specificno.

49. Pitam se kako mi dobro ide dok u¢im nesto novo.

50. Pitam se jesam Ii naucio/la najviSe $to sam mogao/la nakon Sto zavrsim s
uéenjem.

51. Stanem i ponovno se vratim na informacije koje mi nisu jasne.

52. Stanem i ponovno procitam nesto Sto mi nije jasno.

Izvor: G. Schraw, R. S. Dennison, Assessing Metacognitive Awareness, Contemporary
Educational Psychology, 19, 1994., str. 460475

Tablica 1. Upitnik o svjesnosti metakognicije
(MALI — Metacognitive Awareness Inventory).

Metakognicija i matematika

Matemati¢ar Pdlya je 1957., davno prije Flavella (1979.), uveo u podrudje
matematike pojam metakognicije (iako ga nije tako nazvao) kroz poucavanje kako
rijeSiti matematic¢ki zadatak (How to solve it?). Kroz postupke razumijevanja,
planiranja, izvrSavanja plana i osvrta na ucinjeno, on je zapravo istaknuo vaznost
metakognitivnog obrazovanja u matematici. Gotovo 30 godina kasnije Schoenfeld
(1985.) je videosnimkama pratio kako studenti rjeSavaju matematicke probleme.
On je vjezbao studente da nakon izvjesnog razdoblja rjeSavanja matematickih za-
dataka stanu i zapitaju se: Sto sada radim?, Zasto to radim?, Kako mi to pomaze?
itd. Studenti koji su se tako uvjezbavali postizali su bolje rezultate. Na temelju
tih studija Mevarech i Kramarski (1997.) izgradili su metodu IMPROVE, u kojoj
se koristi niz metakognitivnih pitanja koje studenti/ucenici postavljaju sami sebi.
IMPROVE je akronim za sljedeée nastavne korake:

Introducing the new concepts
Meta-cognitive questioning
Practicing

Reviewing

Obtaining mastery
Verification

Enrichment and remedial.

Provedene su brojne studije koje su upotrebljavale metodu IMPROVE i rezul-
tati su uvijek bili bolji za one koji su se koristili tim pristupom. U tablici 2
prikazan je rezultat jedne takve studije Mevarecha i Fridkina (2006.), u kojoj su
“IMPROVE” ucenici bili znacajno bolji od onih u kontrolnoj skupini, kako na
ispitivanju matematickog znanja, tako i na ispitivanju matematickog rezoniranja.
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IMPROVE Control

Total Score

Pretest M 63.55 66.70
SD 23.14 23.58

Posttest M 75.08 66.91
sSD 18.74 24.18

Mathematical knowledge

Pretest M 63.42 66.61
SD 23.20 24.19

Posttest M 74.50 62.62
SD 19.20 24.72

Mathematical reasoning

Pretest M 67.26 67.93
SD 21.85 25.07

Posttest M 75.08 66.91
SD 18.74 24.18

Tablica 2. Rezultati ispitivanja metode IMPROVE.

U svom radu o prirodi veze matematike i metakognicije Lucangeli i Cornoldi
(1997.) navode, medu ostalim, i rezultate provedene studije na 781 skolske djece,
397 treceg i 394 Cetvrtog razreda osnovne skole u Italiji. Koristeéi razne testove,
dosli su do rezultata u kojima pokazuju pozitivne rezultate metakognitivnih treninga
u aritmetici, geometriji i rjeSavanju problema (Tablica 2).

Arithmetic Geometry Problem Solving

Prediction Planning Monitoring Evaluation Prediction Planning Monitoring Evaluation Prediction Planning Monitoring Evaluation

Grade3
Poor 1.5(0.99) 13(0.7) 3.7 (2.4) 057(0.77) 1.9(0.92) 1.4(0.57) 2.6(1.4) 0.65(0.45) 3.0(1.7) 1.7(0.65) 3.0(17) 0.74(0.9)
Good 25(12) 17(0.6) 9.0 (24) 12 (0.77) 26(1.0) 27(0.59) 56(1.1) 1.2 (0.08) 4.6(1.5 24(0.7) 60(27) L1 (0.))

*% ** % *% ** *% ** ** ** ** **¥ *%

Grade 4
Poor 4.0(21) 18(0.65) 53(2.0) 6325 1506 1.9(0.7) 14(13) 13(1.0) 14(099) 1.3(0.64) 18(1.4) 1.1(0.36)
Good 4728) 17(0.65) 51(22) 6828 2.8(0.9) 25(0.7) 26(1.6) 2.8(1.3) 25(0.98) 24(0.75) 3.6(L7) 2.7(0.63)

n.s. n.s. n.s. n.s. *% *% *¥ *% *% *% *¥ *¥

*¥%
p <.01.
Note: The scores of the third-graders (top) and fourth-graders (bottom) were compared using the Student’s #-test (the asterisks indicate the significant
effects obtained with Bonferroni’s corrections).

Tablica 3. Metakognicija u aritmetici, geometriji i rjeSavanju problema.

Razvijanje metakognitivnih vjestina i samoregulacije

Suvremena samoregulirajuca teorija ucenja usredotoCava se na prelazak od
ovisnog na samostalnog u¢enika. Samoregulirajuéi u€enici imaju integrirani reper-
toar kognitivnih, metakognitivnih i motivacijskih vjestina. Oni upotrebljavaju te
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vjeStine za planiranje, postavljanje ciljeva, implementaciju i promatranje koriStenja
strategija i evaluaciju njihovih ciljeva. Takvi uCenici koriste Sirok spektar strategija
na fleksibilan nacin, pojacavajudi te strategije razliCitim motivacijskim uvjeren-
jima, kao S$to su samoucinkovitost i epistemoloski pogledi na svijet. Ovdje je
ukratko opisano Sest instrukcijskih strategija koje poti¢u samoregulaciju pomazuéi
ucenicima razviti repertoar kognitivnih vjestina, metakognitivnu svijest i ¢vrsta mo-
tivacijska uvjerenja. Postoji mnogo nacina na koje se kognitivne, metakognitivne i
motivacijske vjestine mogu poboljsati upotrebom tih strategija. U Tablici 5.1. dan
je saZetak osnovnih nacina na koji svaka od Sest instrukcijskih strategija poboljSava
kogniciju, metakogniciju i motivaciju. Samoregulacija je od velike vaZnosti za
ucenike. Skole trebaju pripremiti ucenike za cjeloZivotno ucenje u znanosti i u
drugim akademskim domenama. U tome im uvelike mogu pomoc¢i instrukcijske
strategije koje poboljSavaju ucenje i poveéavaju uspjehe u matematici i opéenito u
znanosti.

Kognitivni procesi | Metakognitivni procesi | Motivacijski procesi
ref;(r)rt;i%?'ia(r?'gﬁgz Poboljava eksplicitno | | ie ek
IstraZivanje | o) Jany tiran; planiranje, promatranje mogucuje ekspertno
eksperimentiranje i evaluaciju modeliranje
1 refleksiju
Suradni Modelira strategije Modelira Omogucava socijalnu
uradnja za poCetnike samorefleksiju podrsku
P Pomazu ucenicima Povecavaju
Strategije Omogucuju niz razviti kondicionalno samoucinkovitost
strategija Znani X’
je u uéenju
. Omogucuju Poticu eksplicitnu . .
Nlllfn(tlail.“ analiziranje refleksiju i evaluaciju lf oticu . eklonStrUkCUu !
odelt eksplicitnih modela | predlozenog modela onceptualnu promjenu
Tlustrira vjestine
. povratmim Pomaze uCenicima | Daju izvore informacija
Tehnologija Informacijama, testirati i evaluirati i omogucuju suradnicku
omogucuje modele i modele potporu
simulira podatke
Povecavaju Poti¢u modeliranje
Osobna ukljucivanje i Poticu konceptualnu i%f;ﬁ?égls%sllfg
uvjerenja ustrajnost promjenu i refleksiju ekspertnih
medu ucenicima znanstvenika
Tablica 4. Nacini na koje Sest instrukcijskih strategija poboljSavaju kognitivne,

metakognitivne i motivacijske procese.

Istrazivanja i buduci razvoj

U ovom podrucju danas vrSe se brojna istraZivanja Ciji rezultati obecavaju i
mogucénost znacajnije primjene u praksi. Slika 6.1. prikazuje rezultate svojih is-
traZivanja koji obuhvacéaju veéi broj varijabli u podruc¢ju metakognicije i samoreg-
ulacije.
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Slika 2. Model metakognicije, orijentacije na postizanje ciljeva, stilovi u¢enja i
samo-efikasnost.

Zakljucak

Matematika se smatra jednim od najznacajnijih predmeta koji se poucava u
Skoli. Unato¢ tome, prisutne su znacajne poteSkoce u proucavanju matematike
(npr. rezultati TIMSS-a, PISA-¢). Ova Cinjenica ukazuje na potrebu izrade efek-
tivnih nastavnih metoda koje imaju potencijal da unaprijede matematicko znanje
i miSljenje. NCTM (National Council of Teachers of Mathematics) naglasava da
kvalitetna matematicka nastava treba proSiriti nacine izgradnje znanja pomocu
rjeSavanja problema, stvaranjem veza, razvojem matematicke komunikacije i
upotrebom razli¢itih vrsta prikazivanja matematickog znanja. NCTM (2000.) os-
obito naglasava vaznost razvijanja metakognitivnih sposobnosti uenika/studenata
kao nacina za poboljSavanja njihovih sposobnosti rjeSavanja matematickih prob-
lema i rezoniranje. Cilj ovog rada jest isticanje vaznosti metakognicije i samoreg-
ulacije u nastavi i ucenju.
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“Hocemo li studirati matematiku?”’
— nakon pedeset godina (o tekstu
akademika S. Bilinskog iz 1959.)

Mirko Polonijo

Prirodoslovno matematicki fakultet, SveuciliSte u Zagrebu, Hrvatska

SaZetak. Navodimo, komentiramo i analiziramo ¢lanak “Hoéemo
li studirati matematiku?” Stanka Bilinskog (1909.-1998.) objavljen
1959. u Matematicko-fizickom listu, kojim se poticu ucenici na upis
studija matematike.

Kljucne rijeci: matemati¢ko obrazovanje, motivacija

Ove, 2009., godine obiljezavamo stogodiSnjicu rodenja akademika Stanka
Bilinskog (Nasice, 22.04.1909. — Varazdin, 06.04.1998.). Svojim dugogodi$njim
marljivim i plodonosnim djelovanjem viSestruko je zaduZio nasu matematicku
znanost i zajednicu. O tome se Citatelji mogu detaljnije upoznati kroz Spomenicu
br. 88 (46 str.) Hrvatske akademije znanosti i umjetnosti, posvecenu akademiku
S. Bilinskom, izdanu 1999. u povodu prve obljetnice njegove smrti. Istaknimo
da je akademik Bilinski radio u Geometrijskom zavodu Matematickog odjela od
stvaranja Prirodoslovno-matematickog fakulteta 1946. pa do umirovljenja 1978.

Profesor Bilinski (takvo oslovljavanje je bilo uobicajeno i blize njegovim
suradnicima i u¢enicima) jedan je od utemeljitelja DruStva matematicara i fizi¢ara
Hrvatske. Ono je osnovano 1949. (nakon $to je 1945. formirana matematic¢ko-
fizicka sekcija Hrvatskog prirodoslovnog drustva). Razdvajanjem 1990. nastaju
danasnja drustva: Hrvatsko matematicko drustvo i Hrvatsko fizikalno drustvo.

Profesor Bilinski je dvije godine bio predsjednik Drustva matematiCara i
fiziCara (22.01.1959.-25.1.1961.) i iz toga doba su saCuvani njegovi predsjednicki
govori koje je odrzao na godi$njim skup$tinama Drustva (Ekonomsko i kulturno
znacenje matematike (1960.), Utjecaj otkri¢a neeuklidske geometrije na savremeni
razvoj nauke (1961.)). Oba su govora i danas zanimljiva, izrazavajuéi poglede i
stavove profesora Bilinskog o matematici, njezinoj ulozi i znacenju te poloZaju u
drustvu.
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Pored ova dva teksta postoji jo$ jedan (a drugih sli¢nih pisanih tragova ne-
mamo) iz kojeg mozemo djelomice iscitati misljenje profesora Bilinskog vezano
uz matematiku, tocnije matemati¢ko obrazovanje. ¢lanak je pisan sa svrhom poti-
canja upisa na studij matematike i nastao je nakon §to je profesor Bilinski obnasao
duZnost dekana fakulteta (1956./57.). Objavljen je prije pedeset godina u ¢asopisu
za uCenike srednjih Skola Matematicko-fizicki list (krace MFL), vol. 10 (1959./60.),
str. 115-117.

Stoga, moZemo reci da je tekst bio namijenjen Citateljstvu sklonom matem-
atici. Istodobno, ne zaboravimo da je u to vrijeme MFL imao visoku tirazu, pa
je moZzda broj onih koji su iskreno bili skloni matematici bio ipak manji. Naslov
Clanka je Hocemo li studirati matematiku?, a autor se navodi kao prof. dr. STANKO
BILINSKI, Zagreb.

Misljenja smo kako je sadrzaj ¢lanka i danas zanimljiv, informativan i potica-
jan. Naime, oslikava nam autora i vrijeme kada je pisan. Istodobno nudi moguénost
usporedbe danas$njih upisa na studij matematike s vremenom prije pedeset godina.
Stoga ¢lanak profesora Bilinskog u daljnjem tekstu navodimo u cjelini (u kurzivu),
bez lektorskih i stilskih intervencija, prekidajuéi ga popratnim komentarima.

Hocemo li studirati matematiku?

Prije dvije, tri godine u nekom gradu (nije vazno kojem) u nekoj srednjoj skoli
(nije vazno kojoj) kolektiv ucenika jednog viseg razreda napisao je pismo sekretaru
Savjeta za prosvjetu, u kojem traZi, da se matematika kao nastavni predmet u skoli
ukine, jer “ona i onako nije ni za sto potrebna”.

Da li je doista tako?, zar zbilja matematika nije ni za sto potrebna? Da li
Jje misljenje tog dackog kolektiva bilo ispravno, odnosno, sto je dovelo te dake
do ovog zakljucka? MoZda je taj kolektiv bio sastavijen od iznimno losih daka,
koje je potsvjesna Zelja, da se rijeSe jednog teskog predmeta, dovela do ovakvog
zakljucka. No mozda krivnja, da su daci mogli ovako zakljuciti, leZi i na nastavniku
tog predmeta.

Sigurno od vas nitko ne misli kao daci ove skole, no ipak da vidimo, kako tu
stvari uistinu stoje.

Naravno, ve¢ sam provokativni naslov ¢lanka krije informaciju o autorovom
miSljenju kako je potrebno obrazlagati smislenost i opravdanost studiranja matem-
atike, ali i donekle objasniti $to se na tom studiju moZe ocekivati.

Tekst zapocinje iznoSenjem “vjecne” slike o matematici kao Skolskom pred-
metu kojega bi se svi rado oslobodili, drasti¢nim naglasavanjem kako bi matematiku
neki najradije ukinuli, pa makar to morali traziti od vlasti. Ucenicko obrazloZenje je
nategnuto: matematika nije potrebna, dakle, nije ju korisno uciti. Autor dopusta da
bi pravi uzrok takvoj Zelji mogla biti teZina samog predmeta, znaci, i sam priznaje
da matematika spada u tzv. teSke predmete, ali odmah naglaSava i vaZnost uloge
nastavnika koji bitno utje€u na izgradnju ucenicke predodzbe o matematici.

S jednim i drugim ¢emo se i danas sloZiti: matematika spada u teZe Skolske
predmete, a kako ée je ucenici doZivjeti i iskusiti bitno ovisi o nastavniku.
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Za vrijeme cvata anticke kulture na prijelazu iz petog u cCetvrto stoljece prije
nase ere, u staroj je Ateni Zivio Platon, najveli filozof svog vremena. On je
naucavao u skoli, koja se zvala Akademija, na uspomenu grckog narodnog heroja
Akadema, a ta je skola bila smjestena u nekom javnom parku, nasadima platana
i maslina. Pripovijeda se, da je Platon nad ulaz u tu skolu stavio ovaj natpis:
Mndets ayewueTpnTos E101TW Sto bismo mogli ovako slobodno prevesti:
“Neka nitko ovamo ne ulazi, tko ne zna matematiku”. Napominjem da Platon
sam nije bio matematicar, on nije matematiku niti stvarao niti nauc¢avao. No on
je ipak dobro uocio opce kulturni znacaj matematike i uvidio, da je vjestina u
matematickom zakljucivanju nuZni preduvjet za spoznaju i dublje razumijevanje i
opcih filozofskih misli.

I danas na ulazima na nase fakultete i visoke skole stoje natpisi slicnih sadrzaja.
Vi ih doduse niste vidjeli nad ulaznim vratima tih skola, jer stvarno oni tamo nisu
ni napisani. Ali pogledajte programe propisane za prijamne ispite za te Skole.
Vecina fakulteta, pa i takvih, koji inace nemaju matematiku kao predmet u nas-
tavnim planovima, predvida nju u programima prijamnih ispita. OCito je dakle,
da se danas opcenito smatra da je znanje matematike nuzni preduvjet i osnova za
studij mnogih nauka.

Stavljajuci na stranu pitanje kako je to prije pedeset godina zvucalo kad je
netko spominjao narodne heroje iz doba prije nase ere, obratimo pozornost na na-
jvaznije. To je misao o znacaju matematike. I tu profesor Bilinski spominje ono
Sto je 1 drugdje napisao. Znacaj matematike je opce kulturni, ona nije vazna samo
sebe radi, ona nije vazna samo zbog svoje Siroke primjenjivosti, ona je vazna za
razumijevanje svijeta i Covjeka. A to je znao veé i nematematicar Platon.

Usputno, uocivsi da se rabio termin prijamni ispit, kao i danas, a ne prijemni,
kao u meduvremenu, vaznije je vidjeti da se i u to doba za upis na fakultete moralo
prolaziti dodatne provjere (koje su u nekom periodu zvali klasifikacijski ispiti).
Medutim, bilo je i godina kada nije bilo prijemnih ispita.

Danas sigurno nitko ne sumnja, da je matematika neophodno potrebna za
razumijevanje fizike, kemije i svih tehnickih nauka. No ne vrijedi to samo za ove
nauke. Mnoge moderne metode i u takvim naukama, kao sto je to biologija, medic-
ina, politicka ekonomija i t. d., danas se zasnivaju na matematickim disciplinama
kao na pr. na matematickoj statistici, diferencijalnim jednadzbama i slicno. Prelis-
tavajuci naucne casopise ovih nauka od prije tridesetak godina jedva bismo mogli
naci u njima koju matematicku formulu. Danas medutim ti casopisi, barem tamo,
gdje naucni rad u tim naukama stoji na visokom nivou, obiluju matematickim for-
mulama i primjenom matematickih teorija na rjesavanje specijalnih problema iz
podrucja tih nauka. Nije zato cudo, da je neki ucenjak (imena mu se ne sjecam),
koji po struci nije matematicar, rekao, da neka nauka toliko vrijedi, koliko je u njoj
matematike. Ta je izjava o znacenju matematike mozda malo pretjerana, no ipak,
ona nije jako daleko od istine.

Prije nekoliko mjeseci, kada su u Sovjetskom savezu uspjeli izbaciti raketu,
koja je pala na Mjesec, a ¢ak i takvu, koja ga je obisla i tom prilikom fotografirala
njegovu straznju stranu, mogli ste u nasoj dnevnoj Stampi citati intervju jednog
novinara s nekim engleskim strucnjakom za raketu. Bilo mu je postavljeno pitanje,
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kako to, da su Rusi toliko pretekli Amerikance u izbacivanju umjetnih satelita.
Taj je engleski strucnjak izjavio, da glavni razlog tog uspjeha ne leZi u novom
pogonskom gorivu, kako se to opcenito misli. Njegovo je misljenje ovo: Tehnicki
problem teledirigiranih projektila i umjetnih satelita u krajnjoj liniji vodi na izv-
Jjesne sisteme diferencijalnih jednadibi. Ekipe matematicara, koje suraduju kod
tih tehnickih problema na jednoj i na drugoj strani, nastoje sto boljim metodama
rjesavati ove sisteme. Tajna sovjetskih uspjeha bila bi u tome, sto oni imaju
bolje ekipe matematicara, kojima je poslo za rukom pronaci uspjesnije metode za
rjesavanje ovih sistema diferencijalnih jednadZbi.

Vec iz ovih nekoliko nasumce nabacenih Cinjenica muZe se zakljuciti kakvu
vaznost ima matematika u suvremenom Zivotu. Velike, opsezne i mnogostruke su
njezine primjene. No najvece njezino znacenje je u njezinoj unutarnjoj kulturnoj
vrijednosti, a o ovoj vrijednosti nije lako steci jasniju predodbu samo na osnovu
poznavanja srednjoskolske matematike.

Dakako, ovdje vec izbija matematicka pristranost kad se kaZe da nije daleko od
istine izjava kako vrijednost neke znanosti pokazuje “koli¢ina” ukljuene matem-
atike. Medutim, ta se tvrdnja potkrepljuje poznatim (i danas prihvacenim) misljen-
jem kako je bas bolje matematicko obrazovanje (pa posljedi¢no i bolji matematicari)
u Sovjetskom savezu donijelo primat pred Sjedinjenim drzavama u svemirskim
letovima. Takve spoznaje potakle su velike Skolske reforme u Americi. No, odmah
slijedi misao kako nije sve u primjeni, najvece je znacenje u kulturnoj vrijednosti.
Mislimo da su dva razloga tom ponavljanju: jedan jest da profesor Bilinski tako
iskreno misli (pa sukladno djeluje), a drugi da je doba nastanka teksta jo$ uvi-
jek ono vrijeme kada se od znanosti poput matematike u prvom redu traZila brza,
neposredna i evidentna primjenjivost. To nije obiljeZje samo toga doba, pa ni samo
ovog podneblja.

Vazno je podvudi i onu zadnju reCenicu prethodnog citata. I danas matematicari
u privlacenju mladih za matematiku ili obrazlaganju Sto jest matematika odraslim
nematematicarima, moraju naglasavati kako dvanaest godina ucenja skolske matem-
atike (do upisa na fakultet) ipak ne moze dati jasnu predodzbu o (pravoj) matematici
i njezinom pravom znacenju.

Sto se pak ti¢e tvrdnje o znatnoj promjeni u primjenjivosti matematike u
odnosu na vrijeme od prije trideset godina (dakle, prije osamdeset godina u odnosu
na danas), to je dakako stvar interpretacije. Relativno gledajuéi, primjenjivost
matematike nije toliko znacajno porasla. Rije€ je o tome da su se u meduvremenu
pojavile nove znanosti, a stere su se promjenile i razvile, pa se matematika u jed-
nima i drugima pojavljuje/primjenjuje u novim podrucjima. Zato autor mudro
spominje matematicke formule, pa njegova tvrdnja postaje “to¢nom”.

Napretkom civilizacije uloga matematike naglo raste. Sve se vise primjenjuju
matematicke metode u raznim podrucjima ljudske djelatnosti. Pa ipak nastavni
programi matematike u srednjoj skoli, za razliku od programa iz drugih prirodnih
nauka, mijenjaju se sporo i neznatno. Ono Sto se danas u srednjoj skoli iz matem-
atike uci, najveéim je dijelom bilo ljudima poznato jos prije vise stoljeca. To bi
nekog moglo dovesti do pogresnog zakljucka, da je danas matematika mrtva nauka,
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tj., da je na njenom podrucju otkriveno vec sve, Sto se otkriti moZe. No ovakav
bi zakljucak bio vrlo daleko od istine. Radi vrlo ogranicenog broja sati matem-
atike u nastavnim planovima srednjih Skola nastavni programi matematike mogu
obuhvatiti samo one najjednostavnije i najvaznije osnovne spoznaje matematickih
nauka, koje su neophodne za njene najobicnije primjene, a i za njezinu daljnju
izgradnju. Ovi najosnovniji dijelovi matematike dakako da se i stoljecima gotovo i
ne mijenjaju. Njezini visi dijelovi ne mogu uci u programe srednjoskolske matem-
atike, jer radi sloZenosti svojih metoda ne bi bili opcenito ucenicima pristupacni.
No i danas se u matematici pronalaze nove metode i otkrivaju bitno novi putovi,
a poznate matematicke metode usavrsavaju se i nadopunjuju. Da dobijemo pri-
bliznu sliku o naucnoj produktivnosti u podrucju matematickih nauka, dovoljno
Jje spomenuti da danas postoji vise od Sest stotina naucnih casopisa i publikacija
iz podrucja tih nauka, da u njima izlazi godisnje oko osam hiljada originalnih
naucnih clanaka, i da taj broj iz godine u godinu raste.

Vazno je ovdje primijetiti stalnu "muku" matematicara: broj sati matematike je
ograniéen; zapravo se Zeli reéi da je broj sati premalen, nedovoljan. A izbija (oprav-
dana) bojazan kako drugi (dakako, neznalice) misle da je sve zavr§eno/gotovo u
matematici.

Usputno, uo¢imo da se rijec civilizacija rabi u jednini. I da se koristi mnoZina
govoreéi 0 matematickim znanostima.

Pritom postoji jedna bitna razlika izmedu naucnog rada u matematici i u os-
talim naukama. Dok se u ostalim naukama vrlo Cesto u isti mah gradi i razgraduje,
Jjer nove teorije nadomjestaju one starije, koje se zabacuju, pa postaju suvisne, ili
se znatno izmjenjuju, dotle se u matematici od samog njenog pocetka samo gradi.
Sto je jednom u njoj dokazano kao ispravno, ostaje tako zauvijek. Zato je danasnja
zgrada matematike golema. JoS prije nekih sto i pedeset godina bilo je moguce,
da jedan jedini covjek upozna sva dotadanja otkrica u podrucju matematike. No
danas i najveéi matematicari za cijelog svog Zivota mogu upoznati samo jedan
posve maleni njezin dio. MoZda je zato i lakse razumjeti Cinjenicu, da se definicije
same matematike, sto su ih dali razni matematicari, toliko medusobno razlikuju,
da nijedna nije opcenito usvojena. No postoji veliki broj izjava o matematici kao
nauci, koje nju manje ili vise tocno karakteriziraju. Tako je matematicar Ulam
(koji se istakao i vrlo uspjesnom matematickom obradom teorije atomske bombe,
na osnovu koje je ova tada bila i konstruirana) jednom prilikom, napola u sali,
rekao, da je matematika metoda “ciniti najbolje”. Ako bi se naime jednoj skupini
ljudi — a medu njima i matematicaru — odredilo, da obave neki posao, a nitko od
njih prije toga nesta slicnog nije radio, matematicar bi to ucinio bolje od ostalih.
To dakako treba shvatiti onako, kako je i receno, t. j. ne doslovice.

U pocetnom dijelu ovog odjeljka izbija Cinjenica da je proteklo pedeset godina
od objave Clanka. Iznosi se donekle i danas rasireno, ali ipak pretjerano pojednos-
tavljeno misljenje o razlici u rastu i razvoju/izgradnji izmedu matematike i drugih
znanosti. Posljedi¢no, kao da razvoj matematike ne bi imao obiljezje koje sve
druge znanosti imaju: mogucnost zastranjenja, zablude, krivih predodzbi.
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Zanimljivo je kako se profesor Bilinski od (toboZe) mnogih i raznih “definicija”
matematike (naglaSavajuci kako opée prihvacene definicije nema) odlucio za onu S.
Ulama. Sigurno da nije bilo presudno, ali ipak navedimo, da je rije¢ o matematic¢aru
istog imena, rodenom iste godine i istog mjeseca i u istoj drzavi kao profesor Bilin-
ski (Stanislaw Ulam (Lavov, 13.04.1909 — Santa Fe, 13.05.1984.). To¢nosti radi,
dometnimo, spomenuta bomba je bila hidrogenska bomba. U svakom slucaju,
odabranu “definiciju” je matemati¢aru ugodno cuti, istodobno provocirajuéi ne-
matematiCare. I kad je S. Ulam spomenut, budi nam slobodno navesti jedan drugi
citat iz njegove knjige Adventures of a Mathematician (Pustolovine matematiCara)
(1976.): “In many cases, mathematics is an escape from reality. The mathemati-
cian finds his own monastic niche and happiness in pursuits that are disconnected
from external affairs. Some practice it as if using a drug. Chess sometimes plays
a similar role. In their unhapipiness over the events of this world, some immerse
themselves in a kind of self-sufficiency in mathematics (éesto je matematika bijeg
od stvarnosti. U traganju, daleko od vanjskoga svijeta, matematicar nalazi svoje
osamljeno mjesto i osobnu sre¢u. Matematiku koristi poput lijeka (a ponekad i $ah
ima istu svrhu). Nezadovoljan i nesretan dogadanjima oko sebe, uranja u samo-
dostatnosti svijet matematike)”. A §to se ti¢e definicije matematike S. Ulam je
rekao i ovo: “What is really mathematics? Many have tried but nobody has really
succeded in defining mathematics; it is always something else (gto je to zaista
matematika? Mnogi su pokusali, ali nitko nije stvarno uspio definirati matematiku;
ona je uvijek jo$ nesto drugo)”.

Radi vaZnosti, koju matematika ima za razvoj i napredak ljudskog drustva,
danas postoji i velika potreba za matematicarima, a ta ¢e potreba s vremenom
jos i vise rasti. Velika je potrainja matematicara na srednjim i strucnim Sko-
lama, gdje danas matematiku u velikom broju predaju nekvalificirani strucnjaci.
Matematicari su danas u znatnom broju potrebni u statistickim i osiguravajucim
zavodima. Daljnjim razvojem i unapredivanjem industrijske proizvodnje kod nas,
ukazat ce se potreba, da se matematicari namjestaju u velikim privrednim i in-
dustrijskim poduzecima i ustanovama, kako je to danas ve¢ uobicajeno u tehnicki
razvijenim zemljama. Oni najdarovitiji od diplomiranih studenata matematike, koji
se budu posvetili i naucnom radu u podrucju matematickih nauka, danas ce lako
nacéi namjestenje u naucnim institutima i zavodima na univerzitetima, visokim sko-
lama i akademijama nauka. PotraZnja za odlicnim struc¢njacima u tim ustanovama
u posljednje vrijeme je vrlo velika.

I danas tvrdimo da se matematicari lako zaposljavaju. Do jucer je to bilo tocno.

Pored sveg ovog nedostatka u kadrovima matematicara, danas se javlja rela-
tivno maleni broj kandidata na natjecaje za studij matematike na Prirodoslovno-
matematickim fakultetima. Istina je doduse, da taj studij nije lagan i da ¢e matem-
atiku s uspjehom moci studirati samo oni studenti; koji su ve¢ u srednjoj sSkoli
pokazali znatniji uspjeh u matematici, a niposto takvi, koji su u tom predmetu jedva
nekako izvlacili pozitivne ocjene. No u nasim srednjim skolama ipak ima dosta
darovitih ucenika, pa bi broj onih, koji se odlucuju za studij matematike, mogao biti
i mnogo veci. Jedan od uzroka, sto nije tako, leZi i u nepoznavanju gore navedenih
dinjenica, pa je zato ovaj clanaci¢ i napisan. Kad budete dakle za koji mjesec ili
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za koju godinu donosili odluku o izboru vaseg studija*, promislite malo i o tome,
Sto je ovdje bilo receno.

Ovaj zadnji odlomak i pripadna biljeska donose nekoliko zanimljivih informa-
cija danaSnjem Ccitatelju o situaciji prije pedeset godina, Sto nameéu usporedbe s
danas$njim stanjem: interes za studij matematike je relativno slab, a sam studij je
relativno teZak. Nastavni planovi se mijenjaju, struka Ce re¢i da se reduciraju, da
se studij olakSava. A i rezim studija se mijenja (spomenuto poostrenje se odnosi
na strozi upis vise studijske godine s obzirom na nepoloZene ispite iz prethodnih).
A najnovija knjiZica s nastavnim planovima jos nije dostupna.

Ukratko, kao da nije proslo pedeset godina od objave ¢lanka profesora Bilin-
skog.

A sto se tiCe pitanja Hocemo li studirati matematiku? odgovor je dakako
pozitivan. U takvu nas uvjerenju ostavlja i Cinjenica da je 1958. na zagrebackom
Prirodoslovno-matemati¢kom fakultetu diplomiralo matematiku 30 studenata, a
broj diplomiranih matematic¢ara na PMF — Matemati¢kom odjelu je 2008. bio 175,
gotovo Sest puta veci.

Danas nam ostaje pitanje Tko e studirati matematiku?.

Kontakt adresa:

red. prof. dr. sc. Mirko Polonijo
Matematicki odjel

Prirodoslovno matematicki fakultet
SveuciliSte u Zagrebu

Bijenicka 30, HR — 10000 Zagreb
e-mail: polonijo@math.hr

* Tko Zeli pobliZe upoznati tijek studija na Prirodoslovno-matemati¢kom fakultetu u Zagrebu,
moZe u Dekanatu tog fakulteta nabaviti knjiZicu “Prirodoslovno-matematicki fakultet — Nastavni
programi, Zagreb 1957.”. Osim opisa samog toga studija tu ¢e Citalac naci Nastavne planove svih
struka i programa svih kolegija, koji se sluSaju na tom fakultetu. Doduse, od izlaska ove knjizZice
iz Stampe studij na fakultetu nesto je izmijenjen. Pritom su u svrhu brzeg zavrSavanja studija
nastavni planovi pojedinih struka nesto reducirani, a reZim studija na fakultetu nesto je poostren.
Ipak ta knjiZica jo§ i danas mozZe posluZiti da dade dosta dobru sliku o tijeku studija na spomenutom
fakultetu.
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Misljenje nastavnika matematike o
nastavi matematike u osnovnim i
srednjim Skolama u hrvatskoj

— rezultati empirijskog istrazivanja

Branislava Baranovi¢ i Marina Stibri¢

Institut za drustvena istrazivanja, Zagrebu, Hrvatska

SaZetak. U prezentaciji su predstavljeni rezultati empirijskog is-
traZivanja o mi$ljenjima nastavnika matematike o nastavi matematike
u osnovnim i srednjim Skolama u Hrvatskoj. IstraZivanje je provedeno
na prigodnom uzorku od 292 sudionika Tre¢eg kongresa nastavnika
matematike odrZanom u Zagrebu 2008. godine. Primijenjen je upitnik
strukturiran od pitanja preteZno zatvorenog tipa u kojima su procjene
nastavnika mjerene na Likertovim skalama od Cetiri stupnja te manjeg
broja otvorenih pitanja.

Rezultati istraZivanja pokazuju da u nastavi matematike u os-
novnim i srednjim Skolama u Hrvatskoj dominiraju tradicionalan
pristup i tradicionalne metode i postupci rada. Tako su napr. nas-
tavnici u definiranju matematicke kompetencije najveci naglasak stavili
na rjeSavanje matematickih zadataka, usvajanje temeljnih znanja iz
matematike i primjenu naucenog. Procijenili su da se u nastavi
matematike najveéi naglasak stavlja na rjeSavanje matematickih za-
dataka i razvoj logickog nacina razmisljanja, a manje razvijaju upotrebu
matematike u svakodnevnom Zivotu i razvoj kritickog promisljanja o
matematickim konceptima i postupcima. Nastavnici smatraju da kod
ucenika najvise razvijaju vjestinu postavljanja pitanja i traZenja infor-
macija, razumijevanje koncepata i interes uenika za matematiku, a
najmanje poti¢u razvoj vjestine pisanog komuniciranja ideja i rezultata
vlastitog rada te vjestine ucenja matematike. Ako izuzmemo domacde
zadade koje se redovito zadaju i pregledavaju, najcesce koriStene
nastavne metode i postupci su metoda dijaloga (94,8%), demon-
stracija postupaka rjeSavanja zadataka (93,6%) i predavacka metoda
pri uvodenju novih matematickih koncepata (86,2%). Prema procjeni
samih nastavnika, za vrijeme nastave matematike ucenici najceSce
sluSaju i prepisuju s ploce (87,8%), 'na svome mjestu’ samostalno
rjeSavaju zadatke (87,8%) i komentiraju prethodnu ili najavljenu prov-
jeru znanja (87,8%). Aktivnosti koje zahtijevaju samostalan rad
ucenika kao Sto su zapisivanje vlastitih ideja o matematickim kon-
ceptima (4,1%), samostalno istrazivanje i eksperimentiranje (17,0%),
te samostalno obradivanje gradiva iz udZbenika (18,2%) najrjede se
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koriste u nastavi matematike. Nastavnici navode da, u prosjeku, samo
34,8% nastave provode poucavajuéi matematicke koncepate, a najveéi
dio vremena odvajaju za rjeSavanje matematickih zadataka.

Iz podataka je vidljivo da se u nastavi matematike dovoljno ne
razvija kriticko miSljenje o matematickim konceptima, samostalno
promiSljanje i zaklju€ivanje o matematickim konceptima i postupcima,
te da se rijetko primjenjuje metoda otkrivanja i problemska nas-
tava. Medutim, navedene vjeStine imaju veliku vaZnost za razvijanje
matematicke kompetencije ucenika.

Kljucne rijeci: nastava matematike, nastavnici matematike, matematicka
kompetencija, nastavne metode i postupci, u¢enicke aktivnosti na nas-
tavi

Kontakt adrese:

dr. sc. Branislava Baranovi¢

Centar za istraZivanje i razvoj obrazovanja
Institut za druStvena istraZivanja — Zagreb
AmruSeva 8, HR — 10000 Zagreb

e-mail: baranov@idi.hr

Marina Stibri¢
Centar za istraZivanje i razvoj obrazovanja
Institut za druStvena istraZivanja — Zagreb

Amruseva 8, HR — 10000 Zagreb
e-mail: marina@idi.hr
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