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Preface

The ISDTF 2011 Conference — Improving Specific Subject Didactitseat
Teacher Training Faculties, takes place in Belgrade, Sevbi20 and 21
October 2011, organized by the Committee for Education of thedBneyi

of the Serbian Academy of Sciences and Arts.

This conference has for its main focus the improvement of gpecif
subject didactics, through the presentation and exchange of research
experience of respected scholars.

This booklet contains the abstracts of talks to be given a&dhérence,
which have passed a detailed reviewing, done by the members of the
Programme Board. We thank both the authors and the reviewers ifor the
contribution.

We express our gratitude to the Serbian Academy of Sciencesrand A
for hosting the Conference and for publishing this booklet of abstititss.
also our pleasure to express our gratitude to members of thaifimnga
Board and our sponsors for their contribution.

The Editors
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PISA AND THE SOCIOLOGY OF EDUCATION

Roger Establet
Université de Provence |, France
roger.establet@gmail.com

| summarize my talk to the conference in five points:

1.

The chief theories of sociology of education (human capital theody
heredity of cultural capital) were developed in the 1960's based on
national data (France, England, USA).

The progress of international data (UNESCO levels of education;
enquiry of OCDE about 65 countries about the level of the fiftegzdhs
old: PISA 2000, 2003, 2006 and 2009) allow us to submit the founders'
theories to a rich field of data.

. What measure the PISA test? The ability of a country to ttlaeh

fundamentals and the aptitude of the individuals to learn the
fundamentals.

| put emphasis on the strong correlations between results in,maths
science and reading. And it's an occasion to show the position o& Serbi
in these three fields.

. Human capital and scholastic performance: If we observe thgorela

between national wealth and PISA results in the 65 countries, ive ge
strong and significant correlations. But at the same time,cht leael of
GDP per cap, we notice different levels of scholastic peidiace.

Among the countries with a GDP per cap of 10,000$, Serbian children
have got the best results in maths, reading and science. Tlagradtion
margin for school politics.

. Social heredity and PISA results: Firstly, always and evieeye, from

Azerbaijan to Korea, pupils from unprivileged social backgrounds have
weaker results in reading, mathematics and science tharegeigibnes.

Secondly, always and everywhere, from Tunisia to Finland, the
proportion of pupils with very weak results is greater among boys than
among girls.

Thirdly, always and everywhere, for science and reading, the
proportion of excellent results is greater among girls than among boy
With a light male domination, there is almost a draw, ithewmatics.

Fourthly If we have a look on the centre of the distribution of s¢ore
we notice more girls with averages score in mathematics aetiemtdn
reading and more boys with excellent scores in mathematita\&erage
score in reading.

So we seemed to be led to a pessimistic conclusion: “It'ayshand
everywhere the same thing.”

But Leibniz used to say “It's always and everywhere the ghing,
give the varying degree of perfection.” Always and everywherer the
social problems for school are the same, but there are veng stegrees
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in the solution of this problem. Let's now have a look — an optimistic
look — at these degrees of variation.
5. Mass and elite: fighting against school failure is a good solttiayet a

good basic level and at the same time a greater sharestieexpupils.

The correlation between excellent results and the worst ones is
negative, strong and significant in PISA 2003, 2006 and 2009.

So when in countries like France or Serbia where we count a%jrea
of low performers in maths, reading, and science, PISA show ahdhne
of the target: to avoid, if possible, any school failure. In sualay, we'l
get also a more numerous elite, as is shown by the resultaniada,
Finland and Korea.

MATHEMATICS TEACHER EDUCATION: RETROSPECTIVE AND
PERSPECTIVE FROM A MATHEMATICIAN'S POINT OF VIEW

Bernard R. Hodgson
Département de mathématiques et de statistiquegksiié Laval, Québec, Canada
Bernard.Hodgson@mat.ulaval.ca

In this talk, | wish to reflect on the mathematical educatioprmhary and
secondary school teachers, using the vantage point of a mathamatici
involved in teacher education within a department of mathemaliceost
universities, the education of pre-university teachers constitataong the
various tasks of the mathematics department, an importanabiesgst in
terms of the number of students involved. While this has been sbfaraa

long time for secondary school teachers, one can now witness a growing
involvement, although possibly still somewhat modest, of matheianagin
primary school teacher education.

I will first offer some comments on the role of mathematisian teacher
education, based both on my personal experience and on the history and
actions of the International Commission on Mathematical Instmcti
(ICMI). As discussed in Hodgson [1], the history of ICMI cansben as a
rich source of inspiration with regard to the contribution of ma#immans
to educational issues in general, and to the preparation of teaohers
particular. | will highlight the role played by two formerMC presidents,

Felix Klein (1849-1925) and Hans Freudenthal (1905- 1990), as well as by
Djuro Kurepa (1907-1993), vice-president of ICMI from 1952 to 1962.

I will also discuss some general issues related to the prigpasatd
development of mathematics teachers, based in part on the estémm
the 15th ICMI Study ornThe Professional Education and Development of
Teachers of Mathematiceshose volume has recently appeared, see Even &
Loewenberg Ball [2].



In the next part of my talk, | will present the context for thepgaration
of school teachers in Canada, and more specifically in the peowhc
Québec (education being of provincial jurisdiction in Canada). Consment
will be offered about the two main models for teacher educationnadaa
the so-calledonsecutivanodel, where the pedagogical content is addressed
after a first university degree, and tt@ncurrentmodel, where the choice of
a teacher education programme is made upon entering university.

I will then examine some of the themes around which the mathematics
preparation of school teachers at my university is articulgohrticular in
the context of courses specifically designed for teachers. Afrgséntation
will be made of two compulsory mathematics courses for priraahpol
teachers and of the ‘philosophy’ behind these courses. A spegihlasis
will be placed on two mathematics courses specific to secorstdryol
teachers where mathematical themes of particular sigmificato the
secondary curriculum are covered, that otherwise are not orr rathe
superficially addressed in the education of mathematics majoygpical
instances of such topics include the study of conic sections frdemedtit
vantage points, polynomials or infinity. | will stress how soof the
mathematical topics then encountered, although somewhat elemetary
rich and can lead to gratifying and stimulating mathematical m@nent
Examples will be given, pertaining to the mathematical preparatidotbf
primary and secondary school teachers and connected to centrabfdpies
school curriculum, see Hodgson [3], [4].

Finally, the specific role played by the history of mathéesan teacher
preparation will be discussed, and examples will be presented of
mathematical topics covered in a course on the history of matleema
specific to prospective secondary school teachers.

REFERENCES

[1] Hodgson, B.R. (2009). ICMI in the post-Freudwlt era: moments in the history of
mathematics education from an international pemspgec In K. Bjarnadottir, F.
Furinghetti & G. Schubring (Eds.Rig where you stand. Proceedings of the conference
on ‘On-going research in the history of mathemagdsication’(pp. 79-96). Reykjavik,
Iceland: School of Education, University of Iceland

[2] Even, R. & Loewenberg Ball, D. (Eds.) (2009he professional education and develop-
ment of teachers of mathematics: Thé' 16MI Study New York: Springer. (New ICMI
Study Series, vol. 11)

[3] Hodgson, B.R. (2001). The mathematical educatif school teachers: role and
responsibilities of university mathematicians. Dn Holton, (Ed.), The teaching and
learning of mathematics at university level: An ICBtudy (pp. 501-518). Dordrecht,
Netherlands: Kluwer. (New ICMI Study Series, Vo).

[4] Hodgson, B.R. (2004). The mathematical educatibschool teachers: a baker’'s dozen of
fertile problems. In Wang J.P. & Xu B.Y. (EdsIyends and challenges in mathematics
education(pp. 315-341). Shanghai, China: East China NornmaéJsity Press.
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DOES SUBJECT MATTER?

Peter Menck
University of Siegen, Germany
menck@erz-wiss.uni-siegen.de

In educational research much trouble has been taken to find out the bes
method of teaching, to develop effective rationales of lesson-planmidg, a
even to theoretically model the teaching-learning process in an &dequa
way. Usually this is done

— within the narrow limitations of a specific subject — rtyoatmath topic,

as these are fairly easy to handle —, or
— regarding subject matter as a controlled variable, 5 a.\ariable which

is kept constant in order to find out relevant methodological or

organizational variables which determine the learning outcome of the

students.

My paper is meant as a contribution tgemeralframework for a detailed
didactical analysis of all school contentSo | confine myself to the second
one. For that | allude to some interesting findings:

The epoch-makindhe Language of the Classroash Arno A. Bellack
and his colleagues was designed to find out general traits cfradas
communication. They identified an overall pattern of the languagee ga
played in the classrooms. What they did not expect: All of thaa<srooms
dealt with anidentical topic within the field of international economics but
the result was 18ifferenteconomics, as it were.

Erhard Wiersing, a former colleague of mine, attempted toviothem
and persuaded 12 German teachers of German to work on one and the same
text from Montesquieu’sl’esprit des Lois The same happened: The
documents confirm the findings of Bellaek al— andthey present a variety
of 12 quitedifferentMontesquieus, so to say.

In 1988 Susan S. Stodolski published a research report with eéh&tiil
Subject Matters. She studied classroom activity as dependmnt the
subject taught. The result of her study: Subject mattersth- regard to
teaching method.

Though | have adopted the title of her book my point is another one:
Subject does matter with regardto humans’ humanityTo put this thesis
slightly modified and in terms of German philosophy of education: The
students’Bildung depends on the subjects taught as well as or even rather
than on patterns of instruction and classroom management, and 80 on,
short: as well as teaching methods.

The method-impact we find in didactical theory and researefedss in
teacher training obviously results from the large diversityobiool subjects
and, even more, from the immense variety within even one of thecssibj
So I'm going to ask: Have we to resign and to confine ourselves siuitig
of content-free methods? Or is there anything the manifold adfemmay
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have in common? And if this were the case: Can we outline a more

comprehensive model of teaching-learning-processes than those method-

orientated ones we have at hand? And finally: Can we improvsratas

work on the basis of a more complex insight in the complexity of its

determinants?

I shall begin with a reference to Plato’s Socrates. Heasksd whether
or not it would make sense for youngsters to learn how to fight imrfonbr.

His answer: Before all we have to deliberate what thdlt slkiy be good

for? This is the crucial question of curriculum theory and developopetd

our days. With that dialog kaches- in mind I'd like to make two points:

— Before talking about subjects, topics, themes, before talkimg abbject
matter we should look for an answer to the question: Whagooi fof?

And, after all, what could ‘good for’ mean? Obviously this is atjoali

issue, too: ancient vs. modern languages; or within history: WW | vs

Napoleon’s wars. | won't go into this. In my paper I'm going to discus

the educational aspect with respect of the field of teachark.

— There is no end. There is no answer once and for all, morebeer, t
discussion today and tomorrow and the day after tomorrewis the
answer.

In this point curriculum theory differs from curriculum practidéhe

latter has to come to an end time after time. But curricydrantice is not

my question here, either.

In my paper I'm going to outline and to fill in the field opened ugPato’s

Laches. I'll begin with my view of classroom workUnterricht a social

situation in which the participants work on topicstibemes The themes

worked on lead to humasulture Culture — in opposition to nature — can be
considered to go back tspecific need®f humankind and to meet these
needs. That leads me to the concept of humBildung which is without
doubt one of the aims of Unterricht It's content as well as curriculum
content is intended asmeans that enables the younger generation to make
humanity its own.

For curriculum practicians a theoretical discourse ad kalendasag is
unsatisfactory, and after all this is true with curriculdraary, too. | shall
conclude with an outlook to consequences for teacher education and
illustrate my argument with examples from language teaching ramd f
history.

12



SCIENCE AND MATHEMATICS AS AN INTEGRAL PART OF
EUROPEAN CULTURAL HERITAGE: “HANDS ON” AS A
CRUCIAL ELEMENT OF EDUCATION FOR THE FUTURE

Dusan Sidjanski
University of Genéva
dusan.sidjanski@unige.ch

Hands onaims to stimulate the interest of children in science and to
introduce scientific reasoning through an experimental method. In owf age
science and technology, also characterized by the importafaedaimental
values and democratic principles, we have to build a new knowledgebase
Europe. By disseminatinglands on we are introducing observation and
discussion based on proof. In fact, the children formulate hypotheses, c
out experiments and engage in discussion using scientific reasdhieg.
also learn to respect each other and to practise team Manmkls onis also

the best introduction to the practice of democracy. It contritiateards the
training of the young generation for new jobs.

Developed in the United States and France by Leon Lederman and
Georges Charpaldands onwas applied at the European level by Bodlen
project, followed by thé&ibonacciprogramme as a result of the first meeting
between Georges Charpak and President José Manuel Barroso in 2004.

Fibonacci, a well-known medieval scientist from Pisa, broughinupe
fertile atmosphere at the eve of the Renaissance, is apkexafrihe role of
culture in our society. As in Pisa at that time, culture todelydes religion
and philosophy, the arts and architecture, as well as scipratbgematics
and technology. The development of the society of knowledge takes place in
Europe in a democratic setting. This is the principle asst#teoEuropean
Union for our future.
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KARAMATA'S INEQUALITY AND SOME APPLICATIONS

Zoran Kadelburg
Faculty of Mathematics, University of Belgrade, [3ar
kadelbur@matf.bg.ac.rs

It is well known that Jensen’s inequality is the basic oneaci@nizing
convex functions. In this short communication we will discuss remot
inequality also connected with convex functions with one real Jariab
sometimes called Karamata's inequality. It can be formdilatsing the
following notion of majorization of finite sequences.

Definition: Let a=(ay,...,a) andb=(b,,...,b,) be two finite sequences of
real numbers. It is said that sequeraenajorizessequenceb, which is
denoted bya> b, if after a possible renumeration, the terms of these
sequences satisfy the following three conditions:

la>a,>-->a, and b >b,>--->Db_,

2.a,+a,+--+a =b +b,+:--+b, foreachk 1<k<n-1,and
3.a+a,+--+a,=b +b,+---+b, .
TheoremlLet a>b be two sequences from the intervigt, B) = R

and f :(«,B) > R aconvex function. Thenzn: f(a)=> Zn: f(b).
. i=1 i=1

We will prove this inequality and also its weighted form andudis¢heir
connection with Jensen’s inequality.

As application, we will show how these inequalities can be used
solving several olympiad-type problems. Some of the exampleghare
following (for more problems see [1]):

1 1 1 1 l 1
i) + + <—+—
a+b b+c c+a 2a 2b 2c

for positive numbers, b, c;

2Wa+b-c++b+c-—a+Jcra-b<a+Jb+vc if a b care
the length of sides of a triangle;

3) cos(2¢ — X,) +COS@X, — X;) +++- 4+ COS@X, — %) < COSX, + -+ + COSX,
for arbitrary X, X,,..., X, €[-7/6,76].

REFERENCES
[1] Kadelburg, 7., buki¢, D., Luki¢, M.. & Mati¢, 1. (2005). Inequalities of Karamata, Schur
and Muirhead and some applicatiombe Teaching of Mathematig(13, 31-45.
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INQUIRY BASED MATHEMATICS EDUCATION IN BULGARIA
AND THE EUROPEAN PROJECTS FIBONACCI AND INNOMATHED

Petar S. Kenderov
Institute of Mathematics and Informatics, Sofiadguia
kenderovp@cc.bas.bg

The wordslnquiry Based Educatio(IBE) are used to describe a process of
education where, under the guidance of a teacher (or a supervisor)
students are “creating” or “discovering” the knowledge themselves by
conducting experiments, by asking relevant questions, by searching for
answers in the existing information resources, by formulating and
investigating conjectures, by discussing with peers. The teacherndbes
provide the knowledge in “ready for use” form. He/she helps tngests
understand the major ideas, develop the necessary skills {@alalyinking,
formulation of conjectures, experimental check of conjectures, documen
tation of findings, etc.) and guides the overall process of stullyis
approach to education based on experiments and inquiry is widely used in
sciences like Physics, Chemistry and Biology because therity of
humans learn by their own experience. In Mathematics Education (ME)
experimenting has never had the place it deserves. Thid&scaase, over
the centuries, there was no widely available proper equipmerdoiog
mathematical experiments. Only professional mathematiciares capable
of performing complicated arithmetical calculations, not to noenti
experimenting in geometry where one was able to draw and explgre onl
static configurations of relatively simple geometrical objettsith the
advent of powerful modern computers and specially designed educational
software for mathematical experiments (like GEOGEBRA, GE®Nand
many others) it became possible to use IBE successfullyaihdvhatics as
well. Since then, in many countries, didactical concepts aategies were
developed for the use of Information and Communication Technologies
(ICT) in Mathematics Education not only for visualization but @ls@ tool
to develop deeper understanding of the studied material. Examples of
Educational Environments which illustrate this approach to mathesmati
education will be given.

Recent developments in Bulgaria in the field of IBE are closg#ted to
the European ProjectanoMathEd(Innovations in Mathematics Education
on European Level; www.math.uni-augsburg.de/prof/dida/innojnathd
Fibonacci(Disseminating inquiry-based science and mathematics education
in Europe;_www.fibonacci-project.gu/The essence, the structure and the
realization of these two projects will be presented and dieduss
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SOME IMPROVEMENTS IN THE DIDACTICS OF MATHEMATICS
AT PRESCHOOL TEACHER TRAINING COLLEGES

Aleksandra Mandi¢
Preschool Teacher Training College inVrsac, Serbia
edusoft@open.telekom.rs

Requirements to overcome the weaknesses that resulted frohingeac
separate subjects arose in the mid 19th century. The terms found in
pedagogical literature, as are *“concentration of teaching”, pé®m
systems”, “correlation of subjects”, etc. indicate ttéadency to enforce
integration of knowledge. Of course, such a disintegration of knowledge
does not exist at the level of preschool education, but courses dictidzfc
mathematics for pre-service teachers should combine the sulgjget mith
the basics of pedagogy and cognitive and developmental psychology. On
such a basis these teachers should be acquainted with the genesis of
elementary mathematical concepts as resulting from the spouotane
concepts of a preschool child. In describing our approach we retjieon
generally accepted ideas found in current literature as walhasur own
teaching experience gathered through work with students at thetiostitu
where we are employed.

We continue with a critical observation that concerns some pessibl
programmes of teaching mathematics in the kindergartens (agewhes),
they offer contents that are usually scheduled for the fiass wf primary
school. When, in addition, this is accompanied with the insistence on
calculation skills then it may be nothing more than a prematuneafism.
In order to explain our idea of preschool mathematics as #&givfirough
which the intuitive roots of elementary concepts are formedusee the
scheme according to which a concept is seen as the tripartity thiat
consists of corresponding examples, mental image and name (symbol)
Classification of examples and “discovering” of their inherent nmastieal
pattern result in the formation of the corresponding mental im@be.
activity of classification gets the form of games of equatixan®les with
their standard representative (the example having the least possiblnt
of noise).

We illustrate this process using a variety of examples fmithmaetic and
geometry. This is also an instance where the Bruner’s icepiesentation
has to be appreciated as an inevitable means of shaping the tdtkiol
of a preschool child. As one of our contributions we include repreganta
of “numbers as visible shapes” (R. Arnheim), analyzing the reqairem
that the number images have to obey. At the end, we also add thate/e
implemented a number of advantages that modern information technology
brings.
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INNOVATING THE DIDACTICS OF MATHEMATICS COURSES

Milosav M. Marjanovié
Serbian Academy of Sciences and Arts, Serbia
milomar@beotel.rs

The appreciation of the didactics of mathematics course isyavaeiable

idea. The reason is that objectives and contents of such courgegemar
much from a teacher training institution to another (and from onoatry to
another). Moreover, teachers of teachers have often an irmtirtativards
theorizing matters that ensure a more academic feature to suctes.
Thus, the main purpose of such a course to help a school teachenta for
deeper understanding of the teaching matter and its proper didactical
transformation, as well as to consider critically good and bad aoiht
teaching materials, may easily be missed.

For this author an inspiration and a permanent source of ideas have bee
Freudenthal’s well-known books on education. Freudenthal’s claim that “a
science of teaching must start with a science of teachingtisioigieshould
be taken as an important didactical dictum and his concept of dlacti
analysis, which is so clearly exemplified in his books, deseto be in focus
for further elaboration

Towards an integrated course of didacticsA thorough analysis of
teaching themes and their proper didactical transformation reguinede
knowledge which includes not only the subject matter but also sdatede
facts from the history of mathematics, educational heritageparitularly
psychology. Here, we confine our attention only to the case of psgphol

Psychology is defined as the study of the mind and of human behavior.
Thus, the goals of a psychology course are usually set indepenaiietitéy
interest of students specializing in a particular branch of ssidiereby, a
course on specific subject didactics must include some parljculalevant
psychological topics. We form a list of them in the case dhematics at
primary and middle levels and the arguments for their relevanicebevi
given in a more extended version of this paper. Our list comprises t
following topics: Function of the eye; Comprehension of perception;
Principles of perception; Cues for seeing depth; Conceptsimgtite
entities — corresponding class of examples, mental image and (oame
labeling symbol); Hierarchy of concepts according to the degree of
abstractness; Definitions as sentences which determine a cwizcapbther
one of higher degree plulifferentia specificaBruner's modes of enactive,
iconic and symbolic representation; Pictograms and ideograms; Ontogeneti
development of speech — egocentric speech of the child and inner speech
(Vigotsky); Structures, cognitive schemes and systems of concepts;
Spontaneous and scientific concepts.
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Main teaching themes.Here we select just three of the main themes of

primary and middle school mathematics, sketching in a suggestiveviaaty
their didactical analysis should be.

Number blocks and number systerhet us note that an often stated
dilemma — counting or matching, seems to be completely falsither
simple matching suffice to develop a general idea of natural eundy
counting, taken as aa priori activity, have much sense beyond the
naming of the first ten numbers. No matter which approach is takée i
actual school practice, the initial natural numbers are yEwand
inevitably treated as the individual concepts. Such a way afinge
arithmetic brings back the idea of number blocks (1-10, 1-20, 1-100,
1-1000) which make gradual steps in building natural number system.
Our concern here will be packages of didactical tasks attachitbege
blocks.

This is a lengthy theme which extends to the building and structuring
of further systems of numbers (whole, rational and irrationaijypcising
similar packages of didactical tasks.

The concept of seBeing more general than all other concepts of classical
mathematics, the concept of set played an important role iogitsal
foundation. A similar idea of the role of this concept was largely
exploited during the “new math” period. Elements of set theory that
existed on school curricula lacked a proper didactical transformation

as such, these new contents have been much reduced in or completely
banished from the school programs. Having such an extent of meaning,
the concept of set has its corresponding examples at all lefels
abstraction. For the purposes of school mathematics, these hewe to

be fixed dependently on corresponding concrete contents — sets at the
sensory level, sets having for their elements conventional synsietds,
given by predication of the characteristic property of their aisnetc.
Variable — the key idea of algebrdieta’s logistica specioséada great
influence on the further development of":48" century mathe-matics.

In the course of the Y9century, symbolic algebra was formed as a
branch of mathematics having its own logical foundation and the variable
as its key idea became also a topic of highest intereseiditlactics of
mathematics. Attempts to start developing this idea at the fiiglet,
supported by the concrete content of arithmetic, led to thditiog of

the so-called early algebra which is a didactical matjerlly significant

for both primary and middle mathematical education.

Summarizing, we find that an integrated course of didacticeésassary

framework for performing didactical analysis of the main thewieschool
mathematics. Analysis of these themes should be the core ttohteach
course of didactics if its objective is the profound knowledge of tehtag
matter. Without such an analysis, a course of didacticseasily stray into
superficial theorizing.
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A CONTRIBUTION TO THE DEVELOPMENT OF
FUNCTIONAL THINKING RELATED TO CONVEXITY AND
ONE-DIMENSIONAL MOTION

Miodrag Mateljevi¢ & Marek Svetlik
Faculty of Mathematics, University of Belgrade, IS3ar
miodrag@matf.bg.ac.rs

Mathematical concepts are defined precisely, using the languiagiee
branch of mathematics to which they belong. But their meaning can be
enriched through different interpretations and those of them belonging to
real world situations, we call “vivid” mathematics, whiaspecially
improves the understanding of students. In contacts with Professor M.
Marjanovi¢, we investigated a case of “vivid” mathematics ([1] and [2]) and
continue to do it in this paper.

Suppose that a liquid (water) flow has a constant inflow vgtand that

a vessel has the form of a surface of revolution, and suppashitharocess
begins at momentt =0 and ends at moment=T. We study the
dependence of the height= h(t) of the liquid level at the tim& which

will be called theheight filling functionof the liquid level at the timé. The
height filling function is convex or concave depending on the way the level
of the liquid changes. When the level changes accelerating or sldosng

the function is convex or concave, respectively. This vivid interfioeta
holds in general, namely we prove that given a strictly incrgasimvex

(concave) continuous function off, T] with h(0)=0, h_(t) >0 and

h (T) < +o0, then there exists a vessel such that its height filling fomds

equal to the given function. This is a fact that seems to bheamel we
continue paying attention to it.

In this way, we hope that we are providing a matter that cae ssrthe
motivation and the illustration for a deeper understanding of basic cencept
and ideas of the differential and integral calculus, as wétl@an serve for a
further development of functional thinking in teaching mathematics.

We also consider more general concept of one-dimensional motion,
including changes in direction of motion and the difference between yelocit
and acceleration defined by the position and the path as being therisncti
of time. We indicate how one can apply this for studying the height filling
function of a liquid flow, which can be considered now as the one-
dimensional motion of a liquid along the axis of rotation of the Vesse
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A VIEW ON THE LEVEL OF COMPUTER USAGE
IN MATHEMATICAL TEACHING IN SERBIA

Branislav Z.Popovi¢, Sladana Dimitrijevi¢c & Marija P. Stani¢
Faculty of Science, University of Kragujevac, Serbi
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Usage of digital technologies, computer based applications, har@medre
communication devices have become ubiquitous in modern society.
Contemporary generations, who have been growing up on the wave of
technological revolution (which started several decades ago, arttedeac
every person in almost all life segments now) should not be taughbynl
means of paper-pencil or blackboard-chalk techniques. For these student
constant interaction with computers and contemporary technologies is
definitely natural and that is why it should be used for the impnewn¢ of

the quality of teaching. Therefore, it is natural to expect thathers, in
particular young ones (who have graduated in the last ten yeardigiiak
devices in their school practice. Are those expectations rekicdse of
school practice in Serbia?

During the last two years we participated in the State Uesiom for
Teacher Licensing. The examination includes preparing and giving one
mathematical lesson in a school in which the applicant is nploged. We
evaluated 123 such lessons. That experience gave us the possibility to
perceive the situation about computer usage when the teachers whe are
beginners are considered.

As our statistical analysis of collected data shows, thatgin is not
satisfactory. We found that the faculty from which a teachsrghaduated,
the region where he/she works, and the type of school where hefshestea
are not decisive for the quality of computer usage in the teachinggs.

But, it is interesting to point out that the average of marksatheacher has
obtained during his/her studies has a significant impact on theygo#lit
using computers in teaching. Those conclusions have additionally convinced
us that teacher education is a strategically critical perloding which
improvements have to be made. We see a possible solution in providing a
wider range of topics directly related to the school practidgdendidactics
courses at the teaching faculties, which would help future teatheteal

with multiple problems that they may face in their practilso we suggest
restructuring already existing courses in such a way thatetheyurage the

use of digital technologies which improve the quality of teaching process
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ON MAJOR GOALS AND PROBLEMS IN MATHEMATICS
TEACHER EDUCATION AND SOME SUGGESTIONS

Bernd Zimmermann
Faculty of Mathematics and Computer Science, Figadschiller-University of Jena, Germany
bernd.zimmermann@uni-jena.de

Ways to improve traditional teaching, which were very often nesdeentil

now, should, according to [1], be:

= promoting the human face of mathematics;

* relating procedural and conceptual mathematical knowledgd<of[2);

= utilizing mathematical modeling in humanistic, technologically-suggulor
way; and

= promoting technology-based learning through applications and modeling,
multimedia design, and on-line collaboration.

Taking these important approaches as a starting pmats as follows

are important to be achieved by student teachers:

1. profound knowledge of and interest in the subject of mathematics,
including not only relevant content, its history and methods, but also
comprehensive own experience and competence in mathematical problem
solving and modeling,

2. profound knowledge of modern learning theories,

3. sensitivity for pupils and their needs,

4. profound knowledge of and competence to apply different teaching
methods,

5. profound knowledge of ITC and competence in using it in a reasonable
way in mathematics instruction,

6. sound knowledge about mathematical learning and the problem solving
processes (including the history of problem solving) and ability to
recognize and analyze students’ mathematical thought processes,

7. ability to reflect their own picture of mathematics (mathecaa belief),
sound knowledge about different views on mathematics in its history (c
[3]) and at present (cf. [4]),

8. sound knowledge about methods of evaluating students’ mathematical
learning progress and problem solving ability and the competence to
apply this knowledge.

I will discuss some of these goals in more detail as wedbagecritical
issuesas follows:

a) problems in implementing modern approaches into mathematics
instruction,

b) teachers’ beliefs and problems to change them (cf. e.g. [5]),

¢) the image of mathematics and mathematics teachers in society

d) difficulties in gaining appropriate student teachers.

Finally I will presentsome ideas how one might improvathematics
teacher education:
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. Entrance-examination for mathematics student-teachers.

II. Closer coordination of mathematics and mathematics education £ourse
and rethinking the proportion of allocated time.

[ll. Special courses in school mathematics.

IV. Special courses in mathematical problem solving and modeling
(including the use of IT).

V. Courses in mathematics education should be organized in a sivayar
as good mathematics instruction is organized at school (morenttude
activities and fewer lectures).

VI. Pre-service courses for student-teachers at school, which should be
accompanied by lesson-preparation and final discussion and éewaluat
of the outcomes of a lesson with the support of mathematics eduagtors
the university.

The discussion of all such points will follow scientific laéure and
present some examples from my own experience at school (incltging
writing of mathematical textbooks for secondary schools [6]), wrebrs
to Germany (west and east) mainly, but also to Finland and téShe

It is quite clear that such considerations are dependent on siatale
specific experience and it has to be discussed to what extenigipestions
presented above might fit to the cultural boundary conditions of &arial
to what extent they are to or can be modified.
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WHAT DOES DATA PROCESSING CONTRIBUTE TO
THE TEACHING OF MATHEMATICS?

Amalija Zakelj
National Education Institute of Slovenia, Slovenia
Amalija.Zakelj@zrss.si

Financial/leconomic sections in newspapers, advertisements, cadoliti
argumentations and other media usually contain tables, graphs, and
comparisons between averages. Sound data literacy not only retigres
understanding of such messages, but also asks for their critical examinat

Individuals have at their disposal today a wide range of digitaé for
data presentation and analysis, such as MS Excel, OpenStat, KBmdat
SPSS. The 2008 Slovenian curricula for all subjects aadlgifjital compe-
tences, encouraging activities for their development towartisat usages
of digital tools.

What can technology-supported data presentation and analysi®atmntri
to the teaching of mathematics?

First, it is necessary to know the techniques of data presentaith
different diagrams. By using them we describe or conveyatataesults to
others in a clear way. Quite often an adequately selectethydigjves
holistic insight into the collected data, which can then miakeasier to
search for regularities in the data and compare different setsaof dat

This kind of data elaboration is a very natural link between the inigtnuct
of mathematics and other school subjects and out of school expsrience
which would promote functional literacy and quantitative understanding
the context of solving realistic problems. With computer tabhes charts,
efficient data processing is enabled. Automatic ordering, soitmgputing
and displaying facilitate the processing of large volumeslath and real
data. Thus, the focus can move onto the interpretation and explanation of
phenomena specified by processed data.

Second, work with data can serve also as a first experiaitte
probability. Example of such activity is the introduction of emapir
probability through empirical investigation, where the use of kedgé
about the data processing is necessary.

With the introduction of nine-year primary school, the Mathemd$@s
Curriculum included the content of data and probability for the fiinse.

This content, as a new one, was supported by teacher seminars funided by
Ministry of Education of Slovenia. | will examine this supporhieh has
contributed to a positive trend in the Slovenian TIMSS Grade & Dat
Content results: from 494 points in 2003 to 511 points in 2007. Note that
this curriculum recommended the use of ICT, but this was not particul
emphasized. It was done in the updated Mathematics 2008 Curriculum.
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ON ALGEBRIZATION OF GEOMETRY AND
GEOMETRIZATION OF ALGEBRA

RadeZivaljevié
Mathematical Institute of the Serbian Academy ok8cées and Arts, Serbia

rade@mi.sanu.ac.rs

Mathematics is often described as the science of disogveatterns (see
e.g. Keith Devlin, Mathematics: The Science of Patterns: Sdwrch for
Order in Life, Mind and the Universe, W. H. Freeman's Scierdimerican
Library, 1994). Patterns arising from the study of space and strepie
subject of Geometry and Topology while the patterns of moraiifitig
nature, arising from the study of the language and formal manulet
symbols, are traditionally associated to Algebra.

A vigorous exchange and interplay of ideas between Geometry and
Algebra has been for centuries one of the major driving foofeall
Mathematics, as was insightfully summarized by Hermann \ifeyis
famous sentence, In, these days the angel of topology and the devil of
abstract algebra fight for the soul of each individual mathematioatain”
(Wikipedia).

Inevitably this geometry-algebra dualism, arising from stuglyatterns
of seemingly different nature, is present also in the wayhematics is
taught in schools where the method of coordinates and the calolus
vectors serve as standard examples of algebraization of geonuions.

In our lecture we offer some new ways of illustrating thke and fruitful
interplay of topological phenomena (patterns of shape) and teioraic
counterparts, in the form perfectly suitable for generaliemce and, in
particular, for didactic purposes.

We start with an outline of geometry and topology of Borromean
(Brunnian) rings supplemented with illuminating, high quality compute
animations providing immediate insight into the propertiehe$é¢ objects.

A translation into the world of algebra is offered, providinghbat new
insight and enabling the student and teacher to design new linkseatick p
their actual behavior. Boy’s surface, the famous immersioheoptojective
plane into the 3-space, is analyzed in a similar manner, wibnguter
animation and associated diagrams (planar graphs) providing camvenie
algebraization. Finally we show how the study of seemingly innceedt
simple patterns arising from configurations of points in tee| notably
the configurations of Tverberg type, is quite complex , oftenireg deep
topological tools for their thorough analysis and full understandingesd
and similar examples are intended to stimulate studentgjimeigon and
excite their minds for learning mathematics.
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TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE:
A FOCUS ON TEACHING SPREADSHEETS

Charoula Angeli
Department of Education, University of Cyprus, Gygpr

cangeli@ucy.ac.cy

Spreadsheets are computerized systems that have automatecdite re
keeping process. Learning about them in school is thus important aot usef
Traditionally, the teaching of spreadsheets has had a technocamdric
decontextualized focus, and aimed at mainly demonstrating the taichnic
features of the computer application in relation to storingutating, and
presenting information. However, spreadsheets are an exampteghitive
technology, a mindtool, which amplifies and reorganizes mémtationing

and can therefore engage learners in higher-order thinking and repgQni

What is the required knowledge for teaching spreadsheets as mindtools?

I will answer this question by using technological pedagogicaleadnt
knowledge (TPCK), which is a framework that can help us understend th
complexity of the required knowledge for teaching spreadsheets.

TPCK is an extension of Shulman’s pedagogical content knowledge and
represents the body of knowledge that teachers need to have itodetash
adequately with technology. It is defined as the ways knowlaldgat tools
and their affordances, pedagogy, content, learners, and context are
synthesized into an understanding of how particular topics that fiicaildi
to be understood by learners or difficult to be taught by teadzarsbe
transformed and taught more effectively with ICT, in ways $ignify the
added value of technology [2]. Thus, TPCK is a highly contextubknely
of knowledge, situation-specific, personal, schematic, transfire; and
contingent upon learner's ecology (i.e., understandings, preconceptions,
misconceptions, and or alternative conceptions that learnerfiamayabout
a content domain). Therefore, the development of TPCK should be
conceptualized by considering the interdependencies among technology,
learners, content, and pedagogy.

Teachers who teach informatics constitute a special group, leettays
are technology experts by training, and technology is what theh.tea
However, their expertise, often times, is limited to theentechnical use of
the tools themselves and does not entail the necessary pedagkificthat
will allow them to present the material to students at apprepeatls [3].

The framework of TPCK can delineate the knowledge that teachedsime
order to teach spreadsheets in optimal ways. In particelachérs need to
(a) develop an educational rationale about why spreadsheets artaimpmr
teach, (b) understand the educational affordances of spreadsheetarand le
to differentiate between technical capabilities and affordan@sknow
what to teach, (d) be aware of students’ learning ditiiesil with
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spreadsheets, and (e) teach spreadsheets in pedagogical sound and powerf
ways to meet learners’ needs and educational objectives.

Succinctly, developing an educational rationale about teaching wah or
particular technology is important, because it sets the stage labauthe
technology will be used. For teachers who believe that spreasisinedbols
for performing complex calculations, the focus will be on entering nusnber
and formulae into the cells, whereas for teachers who viewdgireats as
tools to reason with, the focus will not be on the tool per senlerigaging
students in authentic meaningful tasks to reason with the tool ifeaing
decisions by comparing the outcomes of different scenarios). @his,
course, has implications about the instructional design decisiaats th
teachers will have to make about what content to teach and hieado it.
Additionally, teachers often lack the knowledge to differentiatevdsen tool
affordances and the mere technical capabilities of the tdfdrdances are
about what the tools enable us to do. It is the meta-knowledge tbather
has about the transformative power that the technical capsbititi tools
have in teaching and learning a particular content domain. Moreover,
teachers need to also be knowledgeable of students’ difficultids wit
spreadsheets so they can adapt their instructional plans eatdgists
accordingly. Research showed that students face difficultids boith the
technical use of spreadsheets (i.e., with absolute cellerefieg and
functions) and with translating problems into mathematical repiesmm
during the phase of spreadsheet development (see [4]).

Implications for teacher professional development are: (1) dgshneat
teaching should be carried out in contextualized and interdisciplinayg w
so that knowledge about content, pedagogy, and technology can be used
concurrently; (2) detailed analysis of the affordances of dphesets should
be made explicit to teachers so that they can make connectitbnseali life
tasks that students can find meaningful and useful to complete;
(3) considering the difficulties students have with spreadsheelding
design, testing, and debugging components to spreadsheet educatidn as we
as information about the impact and causes of spreadsheet eryoheima
increase accuracy during spreadsheet development.
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PERSONALIZED LEARNING ABOUT DATABASES:
DOUBLE STRUCTURING IN PLACE

Peter K. Antonitsch
Department of Informatics Systems/Informatics Didzc
Alpen-Adria University Klagenfurt, Austria
Peter.Antonitsch@uni-klu.ac.at

Personalization and standardization are more than catchphraseslerhmo

pedagogy. Shifting the focus from teaching to learning, these cencaipt

for rethinking educational practice, especially with topics that taught

using established instructional patterns.

Besides programming, databases can be considered to be the second
classical topic of the subject-matter Informatics in seconaahycation.
When it comes to teaching databases, two different instructiottat p@are
common practice, though: The “traditional” pattern focuses on dsgaba
concepts like conceptual data modeling and logical database dekigna
more recent pattern concentrates on how to use database management
software. These patterns address different aspects of rttetust within
databases.

In many cases, database courses seem to provide answers tonguest
starting with “how to” rather than “why” or “what if’, In doingsthey give
procedural knowledge prominence over conceptual knowledge.

Having in mind, that learning, among other things, aims at adoatidg
being able to contribute to the structures and thought of the sohiety t
learner lives in, this impression raises a few questions:

e Can we find a way that learners not only accept that the wteuof a
database is “composed of connected tables” and learn how to apply
ready-to-use rules within that structure (e.g., how to craagmple
database-query), but also create understanding of the structuremey
“connections” between tables should be modeled in different wags) a
thus become able to reflect upon the structure (e.g. argue, wihiether
database is a valid representation of “reality”)?

¢ |s there an interface between the two patterns sketched albabvat they
can be combined into a single pattern containing the essence dfanoth

e What structure should learning-aids provide to support the leanmers i
understanding database structure?

e How can we turn learners from passive consumers of knowledge into
active creators of competence in the field of (databasejtstes?

A few years ago a learning pattern influenced by constructeashing
theory was proposed, which seems to answer some of these quesfions [
This pattern relies on a database-microworld that provides visual
representations of a ready-to-use database of considerabknsgizarefully
simplified structure, and describes a universe of discourséedneers are
familiar with, for example, some aspect of school life.
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First experiences indicate, that these “structural aids’important, if
learners are supposed to comprehend database structures by expkring
provided microworld mainly by themselves, while the teacher ceattiee
learning processes. The learners explore the semantics afl vis
representations and thereby learn about the basic structure bhskata
models. The learners explore the structure of the database tot ¢hbe
information needed for database queries. Furthermore, the leaxptose
the results of the queries to decide whether the provided databaselid
model for the described part of the real world.

On the other hand it has become clear that further steps cessagy to
add “true” personalization to this learner-centered appraackatabases: It
is still the coaching teacher who directs the learning proceBsgs per
definition, personalization of learning processes means thatelsaplan
their own learning process and strive for common compulsomitepgoals
by following their own individual learning path. With personalizearning,
the learners have to deal with the structures of the current ampicto
structure their learning process as well. Consequently, to rinepie
personalized learning, the learning pattern at least has to ishezhby a
competence matrix informing the learners about the learning doals
advance, and by checklists of learning tasks they can choos@from

Suitable environments for personalized learning of databasese&a
developed by using common software tools suc®EesnOfficé ibreOffice
Baseor Microsoft Accessas done in [1]. Further development might also
include intelligent tutoring systems liké&ctiveMath which has been
successfully applied in the teaching/learning of mathematics [3]

Implications for teacher professional development can briefly be
summarized in the following way: Although deep understanding of subject
matter knowledge has to be considered an essential prereqgiigtehing,
it has to be augmented by the teacher’s ability to transforneculvjatter
knowledge into learnable knowledge. This not only includes (a) thigyabil
to create learning environments that stimulate active expboratf
structures and construction of knowledge on the side of the ledlinethe
sense of mindtools [4], for example), but also (b) the abititgdach the
learners at structuring their learning processes.
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A VIEW ON TEACHING INFORMATICS BASED ON
PROGRAMMING AND PROGRAMMING-LIKE ACTIVITIES

Boyko Bantchev
Institute of Mathematics and Informatics, Sofia)duia
bantchev@math.bas.bg

A programming-based introduction to informatics in some countses i
gradually being displaced by instruction in using application softlere
cause the majority of students and many of their teachers avmgipro-
gramming as both too difficult and boring. Convinced that such a perception
stems to a great extent from the unsuitability of the programlaimguages
currently used for teaching, | propose replacing them with @myopeopriate
ones, as well as exploiting other tools whose use is akin togmnogng.

Popular languages, suchBasic Pasca) C/C++, and similar are heavily
used for educational programming, but are verbose, ‘bureaucratic’, and
hinder direct expression of data and algorithmic structures. Tepchi
informatics using such languages mostly degenerates into strugglimg wi
their syntactic intricacies and imparting the ‘incantationgdsel for running
simple programs. Little room is left for conceptual modeling, bogdi
abstractions, thinking over alternatives, and generalization.

Concentrating on exploring fundamental algorithmic and data structures,
which | believe is the essence of the introductory teaching inniaftics, is
much more workable if a dynamic language, &gby Python Lua, orIcon
is used. These languages facilitate educational and exploratorammgrg
by featuring rich data structures, well designed algorithm-buildiocks, an
unobtrusive and readable syntax, and interactive environments fartiexe
and verifying a program code in pieces before assembling it asdieede
Significantly more substantial and thematically varied programnoiug
then be experienced, resulting in a straightforward and succinct code

Functional languages, such B4 and Haskell are also worth con-
sidering as tools for educational programming. Besides being exeressl
concise, they are characterized by higher-level, declara@mantics,
treatment of functions as first-class program objects, andpaimorphic,
yet automatically deducible datatypes. All of these are ehtgtonceptual
and practical value, fostering a clear and concise style oégsipn.

A notable example of a small language combining a functional styte wit
picture composition facilities, intended as a tool for teaching fuedéals
of computing to young pupils, ISeomLab

Using programming languages is not the only option for teaching
organization and algorithmic processing of information. Carrying out
problem-specific computations, such as planning how to build a textual,
geometric, purely symbolic or other structure, using scriptgipécation or
tool programs, can be an activity no less meaningful and inggiran ‘true’
programming. Even a capable text editor, used knowledgeably in solving
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text processing problems, can lead to rewarding intellectual andcptact
accomplishments.

Regular expressions (regexes) are a good example of an algotitiohic
for text manipulation. Their use spans not only programming languages but
also many utility programs, including most modern text edit@osistructing
a regex to match a specific text structure — a number, aditee, an e-mail
address, a sentence in a natural language — is a kind of ssalal]-but
potentially demanding programming task.

There are many other utilities widely used for extractisplitting,
rearranging, merging, etc. of textual information. Combining sewéithiem
to solve specific problems provides a range of creative and engaging
programming activities that can be used as a teaching resource.

Furthermore, the realm of text processing integrates well whgr &inds
of utilities or application-specific languages, such as thosedi@gram
generation, notablgot for abstract graph drawing agauplotfor scientific
visualization. These and other programs accept declarative text input
describing an image of the respective type, and therefore tleeicaus be
automated by piping other programs to them. This also presents a good
opportunity to explore links with mathematics and other disciplines.

Dynamic geometry systems (DGS) are widely used for exjorand
education in mathematics. Some of them are equipped with airbuilt
language, allowing geometric models to be constructed progracathati
and thus turning a DGS into an excellent tool for teaching informaisc
well. Geometry's clear logical and algorithmic substance besexmicitly
available as a domain of programming activity. A good example is
GeoGebrawith its language, featuring geometric construction capabilities
along with high-level general programming semantics.

There is indeed a great variety of problem domains to investigate,
means and tools to employ in teaching informatics, each of thaking it
possible to discover different forms of organizing and processing
information. These options currently remain mostly unused. Myefbeli
based on extensive studying of, and practice with, tens of programming
languages and many programmable or programming-like tools katisat
number of these languages and tools can be put to successful ushiifgteac
informatics. This is confirmed by my experience in teaching toeusity,
high-school, and younger students.

Teachers should not limit themselves to a specific programming
language, and should avoid those that are syntactically or otherwis
complicated in favour of ones fostering straightforward expressiaheas,
as well as other environments enabling algorithmic activiG@esnbined use
of tools is possible. The described approach may be challenging to the
teachers, as it requires continuously educating themselves, bresthies
should be worth the effort.
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VISUAL PROGRAMMING OR
VISUALIZATION OF PROGRAMMING?

Mordechai (Moti) Ben-Ari
Department of Science Teaching, Weizmann Instibfitecience, Rehovot, Israel
moti.ben-ari@weizmann.ac.il

In an effort to improve the didactics of informatics in generad @f
programming in particular, educators have developed many pedagogical
software tools. Professional software development environmenh @sic
Eclipsg are far too complex and confusing for novices, so one approach is to
create environments likBlueJ (www.bluej.org that are friendly to novices.
Another approach is to use visual software tools that facilieztiening by
using graphics in place of or in addition to textual programming languages.
This talk will compare two visual tools that we have investig&bedise in
teaching programming to novices.

Scratch (http://scratch.mit.edy/is a visual programming environment.
Students write programs by dragging-and-dropping blocks labeled with
commands and operations; this totally prevents difficult syntamrse
Scratch programs control the animation of sprites, thus providing extont
that motivates students. The MIT website holds millions of prejenany
written by young students.

In our research [1], we found that while Scratch fulfils whatromises,
it can cause students to develop bad habits that may be diffi@uercome:

(a) Extreme bottom-up programming, where students dragged blocks for
many commands and then tried to construct a program. (b) Extréimely
grained programming, where students used dozens of small program
fragments instead of combining them logically. For example, idstéa
using a singlef-then-else statement to handle two cases, students would
use separatd -statements for each case. Sometimes, the two statements
would even be in separate scripts, further reducing the coleednthe
program. We attribute these bad habits to the superficiaé eds
programming, which can discourage good programming practices, in
particular, the all-important phase of progrdesign

The Jeliot program animation system_ (http://cs.joensuu.fi/jgliot/
automaticallygenerates detailed animations of textual programs written in
the Java programming language. Extensive research [2] has shovelithtat
significantly facilitates learning because it provides a gragisiglay of the
dynamicaspects of program execution that are hidden within the computer.
In this, Jeliot is superior toScratch becauseScratch does not support
visualization of the execution of the statements of a program, ainiye
visible outcome of the execution in terms of animation of theétespr
However, when using a program visualization system Jidot, there are
several pedagogical obstacles that must be overcome: First, tbé Jessea
requires that students learn a professional-grade programming larigagage
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is difficult to master; especially, at secondary levbEre are those who
would argue that visual languages like Scratch are more appragthtbat
professional programming languages can be left to university students
SecondJeliot is a challenge to teachers who need to understand the details
of the animated execution and then to integrate it into theiisrolam
practice.

The conclusions that we draw from our research should not be surprising:
pedagogical software tools and creative activities by students cannot
“replace” teachers, as one might infer from the doctrineoofstructionism
[3]. In the case oScratch only teachers can teach good programming habits
and the principles of program design. In the casdavh and Jeliot, only
teachers can decide how to use the tool in order to achievelbattgéng of
a complex programming language. The main implication for the profeksiona
development of teachers is that they need to have a deep underst#nding
the subject matter of informatics in addition to pedagogicathoas.
Without professional knowledge of the subject they will lack the comdigle
necessary to optimally use pedagogical software tools.
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PEDAGOGICAL BELIEFS AND ATTITUDES
OF COMPUTER SCIENCE TEACHERS IN GREECE

Georgios Fesakis& Tsampika Karakiza
! earning Technology and Educational Engineeringdratory
University of the Aegean, Rhodes, Greece
2Education department, University of the Aegean, ddsp Greece
gfesakis@rhodes.aegean.gr

The information and Communication Technology/Computer Science
(ICT/CS) curriculum in Greece was introduced in 1992 (gradés iii—
Gymnasium), updated in 1998 (grades 10-12 in Lyceum) [1] and is tyrren
being updated with extension to the kindergarten and primary schoolggrade
1-6). New Greek ICT/CS curriculum is consistent with the matgonal
standards of ACM and ISTE and aims to bridge the ICT and C8&tidite

by both integrating learning goals to other subject curricula and prowvading
separate course for developing ICT competences [2] and CS cof8jepts
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The successful implementation of any curriculum requires wetiapeel
teachers. Today's educational studies of future teachers andsgioois
development programs for in-service teachers are usuallyd bagen
constructivist pedagogy. As teachers’ beliefs and attitudes datertne
ways they learn and teach in general, these studies also szapers’
pedagogical beliefs and attitudes in a constructivist direcdorb]. The
majority of Greek ICT/CS teachers are well qualified hwitontent
knowledge since they study the subject for 4 or 5 years at thersityve
However, only a small percentage of them have attended educatonsds
since it is not a prerequisite for secondary teachers teiveecany
pedagogical training prior to entering the school service. Asudtrenany
professional development programs in Greece have been implemented to
elaborate ICT/CS teachers’ pedagogical knowledge.

What are the pedagogical beliefs and attitudes of Greek ICTHACEers
after these efforts? This study presents an investigation ofgpgidal
beliefs and attitudes of ICT/CS teachers in Greece, usinguimsihts
designed by Becker [6]. The analysis is based on four axes: cumicul
teaching approach, students’ work and assessment.

The sample of the research was 100 ICT/CS in-servichd¢es who had
been informed about the purpose of the research through e-mails. The
procedure involved the completion of an anonymous on-line questionnaire.
The research data reveal that Greek ICT/CS teacherdyusaaé personal
learning theories and develop both traditional and constructivisticetit
For example, the same teacher might state that her/his rotaisly as a
facilitator who tries to provide opportunities and resources fadsnts to
discover or construct concepts for themselvas! — at the same time — to
prefer “short-answer and multiple-choice tests'in addition, teachers’
pedagogical beliefs and attitudes change with the years of seFei@ehers
seem to have strong beliefs in the beginning of their career r(eithe
traditional or constructivist ones). These beliefs becomestdst after some
years of teaching as, in about quarter of cases, teachers danit® which
of the two sets of beliefs should apply to certain educationgltiins. Then
teachers formulate again new personal solid theories (in theidradlita
constructivist, or a mixed spirit). Although, in some casedjsstally
significant relations to the educational level of serviceahe total teaching
service are detected, teachers’ beliefs and attitudes &edia generally
unrelated to their prior studies in education and/or participatin
professional development programs. This is quite surprising, setting
guestions for the efficiency of the teachers’ training programs.

The results of the study set out suggestions concerning the prepafation
teachers, the design of pedagogical training programs and the type oft suppor
teachers need during their service. More specifically, in doitedeachers to
develop modern pedagogical theories and to adopt consistent teaching
practices, their training requires a practical as welhabeoretical form.
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Furthermore, teachers’ pedagogical education needs the creation of
continuous supportive structures in the form of professional commuoities
learning and practice, where teachers are given the chance togxcha
reflect on experiences, to experiment with teaching methotispately
aiming at an ever-evolving, efficient teacher. Finally, the stuslyeals
systemic and administrative factors (e.g., school culturessseat laws
considering the number and kind of questions, time administration in
schools) that shape teachers beliefs making modern pedagogy appear
impractical (e.g., preferring short teacher-centered dismsdiecause of
short class sessions per week), especially for ICT/CS, andnuinitey any
teaching reform effort and curriculum principles implementation.
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USING SOLO TAXONOMY IN EXPLAINING DIFFICULTIES
IN INFORMATICS LEARNING

DPorde M. Kadijjevi¢
Mathematical Institute of the Serbian Academy d&8ces and Arts, Serbia
dikadij@mi.sanu.ac.rs

The quality of learning outcomes can be described in terms sioticalled

SOLO taxonomy [1]. It specifies that learner's accomplishrireatlearning

task progresses from a single aspect (called uni-structunabnes) to

several disjointed aspects (multi-structural response) to alewvgegrated

aspects (relational response). Clearly, it is much edsiegxamine task
elements separately than to deal with these elements iet#dnaa coherent
whole.

The SOLO framework has been used in educational research,afigpeci
in statistics education. In informatics (computer science)aguncthe use of
this framework has, to the author’s knowledge, been limited ttedraing
of programming (e.g. [2]). As regards this important arezritbe said that,
in general, there are different program structures in eachgmogs well as
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different instructions within each structure, and, in SOLO tediffculties
were not generated by individual parts but primarily by wholes tontg
them. Consider, for example, loop structures, They are usuatlyféramost
students of introductory programming because there are differergrake(a
loop control variable; initializing, checking and updating the value df tha
variable; a block of code to be executed repeatedly) that musbperly
combined.

The SOLO framework can, for example, be successfully applied in
explaining difficulties in spreadsheet development. Consider, fampbe,
the development of a simple deterministic and non-optimization spreddshe
that examines the profitability of some business situation. Tisféss
situation may be car washing service or annual school celebrat®on. A
examining things in a coherent whole is hard, many developers maytorefer
examine different types of services (e.g., cleaning carswasthing cars)
and their profitability separately than to consider them joiatigl find the
overall profitability. Also, despite the fact that the numbkguests is used
as an input variable, the costs for food and drinks for annual school
celebration may be examined as fixed costs, not as variablelepesding
on that number. (See [3].)

Because it essentially deals with structuring content aatirrglits parts
— learning requirements present in many computer sciences tepithe
SOLO model can be used to explain and understand reasons for difficultie
in learning these topics and design conceptually-framed actithitésvould
reduce them. It is thus important to enrich teacher professionalogenent
by describing and using the SOLO model and other suitable conceptual
frameworks to better plan and implement learning activities aselsa their
outcomes.

Acknowledgement.This contribution resulted from the author’s wank projects OI-174012
and I11-44006 funded by the Ministry of EducatiomdaScience of the Republic of Serbia.
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NOTES ON THE APPLICATION OF STANDARDS FOR COMPUTER
SCIENCE EDUCATION FOR SECONDARY SCHOOL IN GERMANY

Carsten Schulte
Computer Science Education Research, Free UniyeBsitrlin, Germany
schulte@inf.fu-berlin.de

In 2008 the German Gesellschaft fur Informatik presented Standards fo
Computer Science Education in secondary schools, covering dgsafifs
They describe 5 content, and 5 process standards, with severtdraaldor
each standard, plus an additional differentiation for gradesahe/g—10.

Content standards Process standards
1. Information and data A. Model and implement
2. Algorithms B. Reason and evaluate
3. Languages and automata C. Structure and ird¢erel
4. Informatics systems D. Communicate and cooperate
5. Informatics, man and sociel\E. Represent and interpret

The standards are supplemented by a framework explaining thealgener

approach to the subject and some sections with suggestions for amplhicat

the different grades. The overall goal is informatics educ#tiain

a) enables students to cope with the widespread use of digifacesrtand
information technology (IT) in everyday life, and

b) provides a foundation for learning computer science at more advanced
levels (upper secondary; vocational training or university education).

The aims of the standards are discussed in ternideafity formation
(e.g. developing an individual perspective on chances and risks wsel)l
everyday lifgle.g. knowing and being able to respect legal issues and norms
like copyright), andvocational training (e.g. developing programming-
related competencies). (See [1].)

The standards are useful tool for thinking about the goals of CS wufucat
and therefore raised enormous interest among CS teachers andmsdatcat
universities to develop teaching units or teaching models that emBed C
education in everyday life, so called context-based teaching.xaonpée,
consider the uniE-Mail for you (only?)for grades 8-10. In this unit students
would learn: 1) how E-Mail is transferred from sender t@iax; 2) what
risks are included in this technique; and 3) how one is ablechizwe
privacy and authenticity in E-Mail communication. The unit airngwa
content standards (Informatics systems; Informatics, man ametyoand
one process standards (Reason and Evaluate).

In the similar way, the standards are impacting teacher edoctib. In
a project of my working group, we're working with prospective teacher
students to develop such units, thereby deepening their knowledge of the
standards and their application in everyday teaching. One such atst de
with location based data produced by mobile phones. Firstly, students ar
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uncovering structure and function of the cellular network. They leatn tha
location data are needed, and how these emerge. Secondly, studetitzevis
location data, using a framework implemented by teacher studettie at
university. This framework allows inserting a graphical repregient (e.g. a

dot) on an on-line map with geographical coordinates suatpesstreet-
map School students can then change this visualization, by adding arcounte
for each position or filtering the represented positions for some slots

(e.g. a fixed position during some night time slot may reveal theenece of

cell phone owner). Producing different visualizations of the same da
should promote a sense for information needed, putting into practi@ntont
standard Information and data. Finally, such different possible
interpretations should trigger ideas for additional and future festof
mobile phones, implementing two other content standards (Informatics
systems, Informatics, man and society).

The application of the standards reveals two important issuss. they
contain some repetitions or overlaps. For example, the teachingutiimied
above could also be seen as covering algorithms (because changing the
visualization includes changing some source code). Second, as thedstanda
are relatively abstract, the teacher may think he/she hdasappem without
really adopting the intentions. It is easy to argue, for exanipde the unit
above also includes all process standards (i.e. students modklatey
structure, communicate, and interpret), but does this apply?

Experience shows that authors of teaching units are likely ¢@iherous
about all the standards included — in future the standards and otw wsg
them should be sharpened so that it becomes clear to what ex¢anhiag
unit is a substantial contribution to a standard.

Apart from constructing teaching units and teaching models showing
their application at schools, these standards have influenced thating
teacher education. For example, we are trying to reduce the gapebe
theory (e.g. the Standards) and practice (the actual teachinglioging
teacher students into the process of developing, testing and reéaitgrig
units that implement the standards [2]. Note that the stdadiead generated
similar efforts for grades 11 and 12 in Germany and for grag&®
Austria.
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EXPERIENCES ABOUT PREPARATION OF PRE-SERVICE PRIMAR Y
SCHOOL TEACHER FOR REALIZATION OF SCIENCE CONTENTS

Marija BoSnjak Natasa Brankovi¢ & Olja Marici¢
Faculty of Education in Sombor, University of N®Bad, Serbia
96marija.bosnjak@gmail.com

The aim of this study was to confirm the importance and to clhecguality

of the prior curriculum reforms of pre-service teacher seeducation, but
also to receive guidelines for further improvement of scienaehiag in
general, and the didactics of science teaching at the Faclliguafation in
Sombor. Also we were interested in pre-service teacher erpesein
science teaching at the previous levels of education (priaraysecondary
education). The sample group consisted of studentsindergraduate,
graduate and master level. The results showed that the inaslequat
implementation of science teaching methods in the previous levels of
education lead to a decrease in interest in science contents ahd to
formation of incomplete or wrong notions about the essence and imgortanc
of natural processes and phenomena. Research also confirmeddrendee
significance of science subjects in the curriculum of teasheducation and

its impact on the quality of didactics of science teaching and rdtide
practice. The implementation of the experiment in the scieraehing and
didactics of science teaching contributed to higher qualithefdidactical
transformation of the science contents and more up-to-date metiods
implementation of programs through students’ practice in elemertaopis

LIQUID CRYSTALS IN EDUCATION

Mojca Cepié
Faculty of Education, University of Ljubljana, Sknia
mojca.cepic@pef.uni-lj.si

Liquid crystals are met every day in laptops, mobile phonesiramdany
other devices. Also many forms of nature consist of liquid cstdley are
found in cells and silk worm threads are formed by them. In addithey
are not completely understood by researchers as well. The orsgpodmgjfic
research is vivid and few 1,000 of researchers actively cordritounew
knowledge in liquid crystals every day [1]. Liquid crystals affer several
possibilities for hands-on and rather simple laboratory experim2ht#&\$
such, they are an ideal modern topic for school. The topatgedisciplinary
as it can connect the three science disciplines (chemishysics and
biology), it has context related to everyday life and still totheye exist
unsolved scientific questions. In contrast, physics topics uswilfht are
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rather abstract, detached from daily life and discovered alrapsiries ago,
which is not interesting for students. In this contribution the liquydtals
will be shortly presented. In the continuation, concepts thatgertant for
understanding of liquid crystals and concepts that could be taughtuiy liq
crystals will be discussed. The set of simple experimerigh allow
students to study properties of liquid crystals will be shown. Kintie
project: Introduction of a modern topic into teaching — liquid crystalbich
was recently accepted by Slovenian Agency for Science and Develgpme
will be briefly described.
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THE IMPLEMENTATION AND DISSEMINATION OF
THE IBSE METHOD IN TEACHING SCIENCE AND NATURE

Irena Golubovi¢-I1i¢ & Olivera Ceki¢-Jovanovié
Faculty of Education in Jagodina, University of ugevac, Serbia
irenagolubovic74@yahoo.com

Students in Serbia learn about natural and social life and tivequsding
through the school subjec&ience and naturandWorld around usThese
two subjects are obligatory in the first four grades at prinsahool and
these courses take 2 classes per week and 72 classes pdihgeeontents
that are taught are taken originally from natural and socialseseand these
contents are the result of the didactic and methodological trangimnnad
historical contents, geographical contents, contents thawitegbroduction,
sociology, ecology, technique, technology, traffic, culture, educaiband
everyday life. These contents represent the foundation for fusthdy of

the natural and social sciences in the next educational ldvptsrary and
secondary schools. Although these contents are very interedtihgntc

and interdisciplinary and provide active, individual and creatiudents’
participation in all phases of the teaching process, studentdy ndasdike
Science and naturas a school subject and their knowledge is way below the
needed level. We believe that the cause of this situation iséldequate
presentation of the curriculum — the traditional way of hear in which
students sit in their places, listen and remember the infammaresented by
the teacher, who is not, in our opinion, motivated enough to move students
to make some intellectual effort or to apply modern methadsstrategies

in their teaching.
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There are numerous seminars and other ways of educating primary school
teachers that teach Science and nature in our schools, but we o@eoh m
and adequate education of the primary school teachers, educatidas that
intense, modern, innovative, and effective. At the Faculty of Eiducat
Jagodina during the last five years, students (future primary stdamblers)
learn through the academic subjdéethodology of Teaching Science and
Nature how to apply IBSE method and some research methods in the
teaching of subject/orld around usindScience and nature

In this paper we will present the concrete activities Weathave applied
with our students in order to implement and disseminate the menticned w
of working in schools.

REFORMING SCIENCE EDUCATION — FOCUSING ON
TEACHERS' ROLE

Ana Gostinar Blagotinsek
Faculty of Education, University of Ljubljana, Sknia
ana.gostincar@pef.uni-lj.si

Science education is considered to be one of the most importaet daus
the declining interest for science and technology studies among.pipis
way science is being taught at school is one of the reasons feittiaition.
Experts agree that the current state of science educatmblane, but with
appropriate changes science education can also provide solutiogs. T
majority of the experts agree that new pedagogy is needed [1].

The European Commission assigned a group of distinguished experts to
assess the situation and form guidelines for action. An appte@pproach
should be based on inquiry-based science education (IBSE) and provide:
continuous personal development and education for teachers; mdtarials
classroom use; adequate didactic materials to support teaghiertheir
daily work; local initiatives for innovation, sustainability andakiation.

These are so called pillars, on which successful initiativebeabuilt. The
approach has already been tested and the results of evaluation showed an
improvement of pupils and teachers’ attitudes to science learmdg a
teaching (http://fibonacci-project.eunttp://pollen-europa.ngt/

Changes in education should be gradual and take time. The success of the
reform depends on many factors, but the role of the teachenstialcdlew
pedagogy cannot be implemented without educational authorities’ support,
or without local community and parents’ consent. But providing adequate
support for the teachers and helping them with their daily roigiassential.

Teachers, who are expected to change their approach to teaching, need
education to be able to do it [2]. As learning is attractive,ct¥fe and
engaging when pupils are active, experimental equipment has to be
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provided. And because new ways of teaching requires new ways of
assessing, teachers should receive didactic support for developing i

Having teachers’ needs as a priority, activities within Pbken and The
Fibonacci projects in Slovenia built a system of support for thehées,
including experimental equipment centers, didactic materialspaed to
peer support, providing hundreds of teachers and thousands of pupils with
innovative and stimulating encounters with science.
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LEARNING PHYSICS FROM
ELEMENTS OF HISTORY OF SCIENCE

Cécile de Hosson
Laboratoire de didactique, Université Paris Didd?atis 7, France
cecile.dehosson@univ-paris-diderot.fr

If the interest for the history of science seems to be amtelpy most
educational communities in the World, its implementation in thense
classroom still remains difficult. Considered as a de&genultural tool,
history of science mostly appears as a complement to theanadliphysics
course and still fails to establish itself as an altereavay to learn physics.

In this talk, | will face this challenge and see how hismfrgcience can
become a tool for physics learning.

Indeed, a lot of researches in science education show thattanchls
perspective can allow students to reach a more appropriate viele of t
nature of science. Beyond this cultural aspect, | think thadrkisf science
should also be incorporated as an element of fostering a deeper
understanding of laws and concepts involved in science courses.tiisom
perspective, the efficiency of the incorporation of historical el@mlargely
depends on the constraints that shape the physics classroom téstuden
difficulties, pedagogical requirements, number of students, ater
available...).

I will present three educational reconstructions designed from the
corresponding historical reconstructions. These educational recdiostsuc
concern the following areas of physics: kinematics, astronomy, and
geometrical optics; they take into account various education#htioms
specific to the physics classroom that will be explicated.
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THINKING ABOUT "INSIDES" IN PLANTS

DusSan Krnel
Faculty of Education, University of Ljubljana, Skmnia
Dusan.Krnel@guest.arnes.si

This lecture presents one of the ways in which the ideas of ynhased
learning, seen as a complex of active learning, problem solvingg us
history of science, probing students ideas and other approachebge can
implemented to bring about meaningful learning. Exposed is alsontke li
between old and new knowledge and a multidisciplinary approach. The
example is taken from the plant chemistry and is suitable hiorldwer
secondary level.

In this lecture | wanted to show how, from a seemingly simplstopre
“What's inside a sweet pepper ffuibne can develop a complex teaching
situation that leads to the realisation of teaching goals in a eiqy. It
shows merely one approach as an example of how to connect caetent, i
declarative knowledge; practical skills, and understanding of sadentif
processes, i.e., process-based knowledge; as well as the amdiegstof
their own thought processes, i.e., metacognitive knowledge.

If the wish is to preserve the credibility of science andgmiescience as
a a real, rational and objective activity to pupils, and asanee time expand
knowledge of modern research methods, | propose to expand school work
with a real trip to a modern analytical laboratory. The chahd@nalysis of
the gases in the sweet pepper fruit done in a “real” laboratmgwed that
there was an increased concentration of carbon dioxide which is around 200
times greater than in the air and this is perhaps a gooshgtpaint for new
problem-based teaching.

PRACTICAL IMPLEMENTATION OF IBSME METHOD THROUGH
THE EU "GREENWAVE 2011 SIGN OF SPRING" PROJECT

Dragana Mili¢i¢
Faculty of Biology, University of Belgrade, Serbia
draganam@bio. bg. ac.rs

The Greenwave project is the part of European scientific préjD-
NACCI (www.fibonacci-project.eu whose objective is to contribute
dissemination and practical implementation of IBSME (Inquiry Based
Science and Mathematics Education) in classrooms. As a ptnisdarge
EU Project, the Greenwave is designed to allow an exciting deratostof
how spring moves across the continent. During 2011, for the first time
schools from Serbia could participate, in company with 21 courddesss
Europe.

About 180 teachers of different fields (biologists, physicist,gé@cgalists,
chemists, teachers in primary schools, as well as the pomisteachers)
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from 44 schools throughout Serbia were involved. Between February and
June 2011 schools recorded sightings of two animal species: swallow
(Hirundo rusticg and the common European frdgaha temporaripfrog-
spawn, as well as two vegetal species: the Rstxinus excelsigrand horse
chestnut Aesculus hippocastanymrhe total number of records submitted
from Serbia was 724 (72 Official Records and 652 Observations,daugor

to criteria that were defined by the Project). Also, schookmsured air
temperature on a daily basis and sent data from hand madgatajes and
anemometers.

During their work on the project, pupils successfully applied prosexse
observation, experimentation and construction of the measuring instsume
They tried using digital cameras and processing images onto theitereb s
Gallery (www.greenwave-europe)eln addition, they were uploading their
sightings and observations on an interactive map on the web site. The
significant value of the Greenwave project is its multi-disegpy approach
and the fact that schools were able to communicate usingethsite; which
makes their information accessible to all European particip@hts results
of project Greenwave Serbia 2011 is also available through the veeb sit
www.rukautestu.rs

BASIC UNDERSTANDING OF CRITICAL THINKING
AMONG TEACHERS AND STUDENTS

B. Mitrevski & O. Zajkov
Faculty of Natural Sciences and Mathematics, Usite,Sts. Cyril and Methodius”, Macedonia
boce @pmf.ukim.mk

Teachers are important agents of change in education. They alvagya pl
key role in education reform. The way teachers are trainegr@pared can
significantly affect how they teach in the classroom [1].

Critical thinking skills are often known as higher order cognitive skills
(HOCS) to differentiate them from simpler, i.e. lower ordegnitive skills
(LOCS). HOCS are relatively complex, require judgment, a@iglgynthesis
and evaluation. The effective teacher is someone who can sEietiine
and validate different methods, choosing proper strategies [2].

The purpose of this study was to investigate students’ and teachgcs’ ba
understanding of the term “critical thinking”. Using a survey qaesaire
(teacher and student questionnaire) we analyze one item pre$erttee
form of statement, the same in both teacher and student questsniidie
sample included 178 math and science teachers and 712 high schodkstuden
(178 students in each grade, from grade 9 to grade 12). Respondents rated
items on a 4 point Likert-type scale, ranging from “strongly dgtee
“strongly disagree”. Statistical analysis was performed uiagChi-square
test and the 0.01 level of significance was used.
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Results indicate that basic understanding of critical thinkingkédy to
be more related to curriculum and subjects than students’ maburgsade
level. The prevalence of uncertain responses rather thanncertponses
among students and teachers reveals a lack of basic understandoa or
understanding of the term “critical thinking”.

REFERENCES

[1] Liu, P. & Qi, C. (2006). Examining teacher paggtion in P.R. China and the U.S.: A
preliminary comparative studinternational Educatior85, 2, (pp. 5-26).

[2] Naumescu, A. & Pasca, R. (2009). Teaching smemew trends in pre-university
learning,Acta Didactica Napocensi 2, (pp. 57-63).

THEMATIC APPROACH IN TEACHING
PHYSICS AND CHEMISTRY

D. Z. Obadovi¢, M. Segedinac*, I. Rancié, M. Pavkov-Hrvojevi¢ & M. Stojanovié
Faculty of Sciences (Depart. of Physics, *DepdrCloemistry), University of Novi Sad, Serbia
dusanka.obadovic@df.uns.ac.rs

Contemporary school education is a unique educational process which
includes both the teacher and the student as active participaritse i
realization of stated educational tasks. For the dynamic edudgbimtass

it is necessary to achieve a symbiosis of theory and praatlearly
structured experiments, well-defined research tasks that respuident’s
creativity... In a thematic approach in teaching of physics dmnistry,
“Hands on” experiments are of multiple significances. They alowng
pupils to discover and understand the world around them through observing
causal relationship between natural phenomena [1].

Because of that, the Faculty of Sciences of Novi Sad organizechber
of regional seminars dealing with a thematic approach in teagtiysics
and chemistry in elementary and secondary education. The sesnadales
teachers to expand their scientific and professional knowledge, wéich
necessary for the realization of the teaching of naturahses at different
levels of education. The emphasis of the program of seminars rwtse 0
implementation of “Hands on” experiments, demonstrations and new
methods, evaluations, and self-evaluations, with the goal of tleptacce
of the curriculum of science in the simplest way. Speditdndon was
dedicated to integrated themes and forming new subjects in domehath
them.

The paper presents results of research into teachers’ opinionstladout
impact of implementing “Hands on” experiments on efficiency of the
teaching process. A group of teachers formed within a number o&irim
schools in Novi Sad, the capital of the northern Serbian province of
Vojvodina, answered a questionnaire within this research. It included a
group of questions that dealt with the implementation of “Hands on”
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experiments in the teaching process, and about the pupils’ iastivithe
obtained results have been treated statistically.

Acknowledgement.This work has been supported by Grant No. 17964 the Ministry of
Education and Science of the Republic of Serbia.
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ONTOLOGICAL REPRESENTATIONS IN REVIEWING
EDUCATIONAL CONTENT IN CHEMISTRY EDUCATION

M. Segedinat; J. Adamov, S. Cvjeti¢anin' & T. Hrin?
'Faculty of SciencegFaculty of Pedagogy in Sombor, University of NoeidSSerbia
mirjana.segedinac@dh.uns.ac.rs

This paper gives a survey of ontologies used for the representation of
chemical knowledge, especially in reviewing educational contemhexous
examples are shown and their efficiency further explained.

One of the main goals of learning and training in chemistry education i
the development of effective methods and strategies used to arggttem
of scientific chemical knowledge. Relying on the principles#istaed by
Novak, Fahmy and Lagowski, development of interest in the field of
chemical sciences, progress in the understanding of chemital fand
increasing success in acquiring new and unknown chemical entities by
students can be achieved by using concept maps, which are developed int
simpler or more complex systemics. The highest levels of aattisin,
involving the most complex cognitive processes, are accomplished through
visual representations that gradually and vertically develop gudlémical
knowledge, which, according to Bloom's taxonomy, go through three
categories: knowledge, comprehension and application.

Systematic arrangement of these concepts and conclusions tera 8ys
which the connections between concepts and conclusions are strongly
pronounced, allows the realization of such quality of knowledge. This
approach to knowledge representation uses real maps of knowledge in the
form of modified graphs that reflect the structure of certaiansific and
educational content. Their great advantage is clearer and rfiaieng
structuring of learning material, and planning of the teaching psodéss
inter-connection between the concepts provides a strong natural connection,
which improves the quality and quantity of students' knowledge, tédesi
teachers’ time articulation of classes and successful éraosknowledge to
students.
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LANGUAGE EDUCATION POLICIES AND
FOREIGN LANGUAGE TEACHER EDUCATION:
AGENCIES, PRACTICES AND PERSPECTIVES

Jelena Filipovi¢
Faculty of Philology, University of Belgrade, Sexbi
jelenafilipovic@fil.bg.ac.rs

“Foreign language education, in line with current innovation trendsvel
Europe, may be viewed within the framework of an interparadigmatic
change which is characterised by the generally accepted gfethit
language is the most significant social activity human beingsahlte to
perform” [1]. However, even though issues regarding foreign language
teaching methods and practices have been addressed and investigated in
great detail from many perspectives throughout tHec2mitury and are still
actively researched at the beginning of thé' 2&ntury, the relationship
between language education policies and foreign language teaching process
has not received the attention it deserves until very recently.

The Council of Europe and the European Union have, through various
institutions at European level, made comprehensive attempts ta affec
national and international language education policies which would help
define curriculum frameworks and provide institutional support fogidor
language teaching and learning based on ideas of plurilingualism,
pluriculturalism and intercultural competence as gatewayfumpean
mobility and enhanced international communication. Neverthelesry
little attention has been paid to raising teachers’ awareaedscritical
attitude toward foreign language education policies and national iagenc
which create them, which would enable them to take an active and
productive role in the formation of those policies and implemenmtatio
teaching/learning practices.  Consequently, a more detailegharobs
regarding macro social and political relationships among foreign lgagua
teachers, students, local communities and national agenciesgafate
education planning is needed in order to understand how national foreign
language curriculum operates at the level of educational practited;
communication styles are enacted; and what identities are beingpted,
enforced, etc within a foreign language classroom throughout thigrfore
language teaching/learning process.

Language education policies always ‘“interact with contested and
contesting ideologies” [2] regarding the status and the positiaiffefent
foreign languages within the society at large on diachronic and synchronic
axes (popular language attitudes), and are based (among othej thrings
economical, political and other orientations of local communities and
individual students and their parents (affective and other attitioesrd
foreign languages, their speakers and cultures as well as ttepip@n of
languages as economic and other resources).In order to be ableeto bett
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address all the above raised issues, in order to be able to ctigtestind
eliminate negative stereotypes, cultural, ethnic, racial @hdr types of
intolerance and ignorance, foreign language teachers need to redbgitize
own agentive role and its impact on foreign language policy creatioch

must take into consideration not only pedagogical and methodological but
also historical, cultural, and other aspects of speech compsiaitd polities

they live in, on one hand, and cultures and polities of the foreign lgagua
they teach on the other hand [3]. Furthermore, they need tdblbet@a
prepare their students for the lifelong learning that lies abgtbm, which
opens up new perspectives for acquiring and using a number of foreign
languages in a broad range of communicative contexts, open to creating and
accepting their own new identities through recognition and understanding of
identities of others. In other words, foreign language teacheferaign
language education policy makers and classroom practitioners eimgage
critical foreign language teaching “in a foreign language classrobithw
becomes a ‘third’ space, a place where the source and thé d¢altyges
meet, to create an atmosphere of interculturality leading tghtezied
degrees of intercultural and plurilingual competence and awargAgss”

In this paper, the above outlined multilateral and multidimensional
approach to foreign language education policy is presented, whichdshoul
help all interested parties (students, parents, local comiesjnits well as
teachers and policy makers) make informed decisions about the dioice
languages which should appear in the formal educational system, asfd whi
should support the best possible methodological options that improve
students’ cognitive and learning strategies and help them become
autonomous and successful learners and language users.
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THE NATIONAL EDUCATIONAL STANDARDS FOR
WRITING — HOW TO MEET THEM?

Jasmina Moskovljevi¢ Popovi¢
Faculty of Philology, University of Belgrade, Sexbi
jasmina.moskovljevic@fil.bg.ac.rs

The project of introducing national academic standards into theaS8erbi
education system started in 2005, and after four years kihgabver,
writing, circulating, researching, piloting, recirculating aredvriting, the
National Educational Council adopted the National standards for the end of
elementary school education in 2009 [1], and the National standartteefor
end of the first cycle of elementary school education in 2011 EJniE of
elementary and secondary school teachers and university professiors ha
been working together to develop and formulate content standards for ten
school subjects, Serbian language being one of them. Standards are
formulated at three different achievement levels (basicrnietgiate, and
advanced), and, in the case of the Serbian language, they subsume four
strands: Reading, Writing, Grammar, and Literature. Likeother sets of
standards, writing learning standards indicate what students skioovd

and should be able to do at the end of grade 4 and grade 8. Besides
incorporating traditional curriculum requirements (estuidents demonstrate

a command of standard written Serbjamoth sets of writing standards
(grade 4 and grade 8) introduce some relatively new elements and
requirements (e. gstudents are able to write for different audiences in
different formats and different genres;: students write ... expository and
argumentative texts which are clear and cohergnis the new standards
which set the goals of schooling have been established, the questam ari
how can teachers implement these standards in their classr@mmiie

major aim of my presentation would be to review and to discugsr ma
aspects of writing standards implementation problem.

For writing standards to be achieved, every student and every teacher
should know, in the first place, what the standards are, what casiras
adequate performance in fulfilling a given standard, and whattbater
and student have to do in order to meet the standard. This has tddbewit
culture of the classroom: of course that even in the most taalitclass-
rooms good teachers have always had standards for their stuumentise
problem was that very often students were not aware of whatsteosdards
had been, or whether they had been applied differently to different gnbups
children or even to different individuals within a class. Getthg liench-
marks known, and making expectations clear is important, espefoally
average-— to lower—achieving students who may not alwayshakeitiative
regarding their work or know how to aim for those goals without guidance.

The second major point of teaching to standards has to do with teacher
training programmes. Unfortunately, standards haven't yet pertetrateh
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into teacher training curricula. It seems that schools of educstill have to
realize that their graduates would likely have to learn tohtéastandards
wherever they get their jobs.

The third aspect of teaching to standards problem involves Serbian
language curricula in general, and writing curricula in particas well as
textbooks which are now available on the market. Without major chdange
writing curricula, it's difficult to see how writing standaranight be met.
Instead of the traditional approach to teaching of writing, whicplesizes
the teaching of grammar, the paragraph or sentence structptep@se—
oriented approach, which considers the reasons for writing, anddienee
for whom to write has to be adopted. The same stands for textbbDo&s
latest analysis of elementary school textbooks [3] revealed wihitihg
prompts offered to students include narrative and descriptive tajesst
exclusively, with no expository, persuasive, or argumentative ones.

Further problem (and not a small one) in writing standards
implementation presents the assessment of students’ work. It ewery
difficult, if not impossible, to align present norm-referencsgtem of
marking with writing standards. Norm-referenced marking systewslhe
teacher to compare students to each other, but standard-basedgmarki
system presupposes that students’ progress has to be comparediverthe
standard, not to how well or poorly other students do. To fulpfdment the
new system, not only that performance (instead of content) writinglards
would have to be developed, but in-service training for teachers \mautsl
to be organized, so that they can successfully apply the new maykitegn.

Taken all this into account, it seems that a lot of changesdinstraents
in our education system would be necessary before we can tathdgasto
meet the writing (and all the other) standards established imatienal
educational standards documents.
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FROM THEORY INTO PRACTICE: OPPORTUNITIES AND
CHALLENGES TO REFORM SUBJECT TEACHER EDUCATION

Vera Rajovi¢ & Lidija Radulovi¢
Faculty of Philosophy, University of Belgrade, Serbia

vrajovic@f.bg.ac.rs

This paper will introduce the methodology of and experiencdsdevelop-

ing a modern and flexible interdisciplinary master-level pnogna for sub-

ject teachers in second cycle of primary education and secosclaogls in

Serbia, compliant with Bologna requirements and with recently eh&ee

bian Law on the Fundamentals of Education and Pedagogy (Tempusg projec

MASTS 511170). The main goal of the project is to develop a Mbstel

teacher initial education program that would fit to the societalls, as well

as to provide a sustainable solution that would make suchograpn

systemic part of higher education offered by all state urfiess The

program should provide all potential future subject teachers hétthpossi-
bility to gain 36 ECTS as required by law, together with a Bfadegree.

Also, the program should contribute to substantially redesigmiial

teacher education so as to modernize it based on three main pilleasiigr

competences framework, 2) reflective practice, and 3) professiemalop-
ment as the process of LLL, with the initial education as a firse$ia].

The first step to building such a program is getting an overellire
about current state of the art in teacher education. Althougle fkea
number of research studies done and some of the information can be found
on websites [3, 4], we all know that reform is a live proeé#is continuous
changes based on experiences (introducing new programs, changing current
programs and syllabi...). Together with the authors' stancelltichiaages in
practice should be research-based, this continuously changing covatext
the reason that we did research at all five state umiesrsand their
member-faculties about the current state of teacher edugatignrams and
their perspective on future developments. The main body of data cafsists
survey results, but preceded by an expert group actiorrcbsaad followed
by few focus group workshops aimed to deduct the meaning of survey
results for new program planning.

Research has been performed at 1) university level and ®jdua
faculty — university member- level. Some of the resulteviit for new
program development are:

e There are no unified TE programs accessible to all studengat
university. There still exists a division among faculties belagsified as
“teacher-faculties” and “non-teacher faculties”, with thestfibeing
faculties of basic scientific disciplines taught mostly ampulsory and
general education. Vocational schools, apart from the generalbpart
education, are under the biggest risk for not having any ttdeschers,
except for the subjects they teach.
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e As to the model of TE at those faculties where there is@egominant
model is “leaking”, i.e. simultaneous realization of teacheparatory
courses together with subject discipline courses during undergraddate a
master studies. Both universities and individual faculties expmtetbse
need for strengthening the pedagogical part of teacher education as
priority, together with well organized teaching practice. Butemwasked
about where they would like new master program to be installed, the
majority (including “non-teacher faculties) answered that theyater it
to be at their faculty, with some of the “teacher-facsltimswering that
the optimum solution would be a teacher education center at utyversi
level that could serve all students future teachers.

e Competences and research based teacher education are stiimoapts
that should be understood together with their implications for teacher
education system
These and other implications are analyzed and the ways to ietdgeat

in to quality assurance mechanisms for all five programs aialersities

involved are further discussed in the paper.
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THE SCHOOL LIBRARY AS A FACTOR OF
TEACHING IMPROVEMENT

Aleksandra Vrane$
Faculty of Philology, University of Belgrade, Sexbi
aleksandra.vranes@fil.bg.ac.rs

Although they are of exceptional importance for the education and
upbringing of our youth, school libraries in this country have remainexk
between the formal legal proclamations of the state organshglealih
education and the lack of funds and understanding on the part of schools [1].
Established around the middle of the 19th century, owing to the joint
activities of state ministries, municipal councils, tlikietional authorities

and institutions, as well as independent cultural organisationsasuthhe

St Sava Society” in the 19th century or the Cultural League ir2@tle
century, school libraries directly contributed to the teachahgsational
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process in schools, increase in the knowledge of certain teaabkiag and
the development of the practice of systematic use of referevorks,
scientific literature antbelles lettresvorks.

The contemporary school and its library, providing support to the
educational-teaching process, should ensure accessibility, ewaluati
interpretation of information and knowledge, communication with new and
fresh ideas, affirm and develop critical thinking, and be openl fougils
and teachers, irrespective of their intellectual and emotitvall. They
should be able to recognise and offer to their users professicdib m
programmes and conferences, have relevant and topical masdrigisir
disposal, and activate the individual potential of every childTBg school
library should be an information/communication centre possessing various
types of library materials, processed from a number of diffaspects, and
skillfully, knowledgeably and inspirationally presented to the reagirgic
through stimulating programmes aimed at increasing the leveldihgea

The school library of today stimulates: investigative learniisghe most
creative form of learning, focusing on curriculum contents, learhirgugh
games and extracurricular activities, and establishing connedi@ingen
different subjects [3]. Focusing on the school-age populationcEnatant
and basic determinant of the school library, guided by the wish tdogeve
knowledge, skills and principles that enable it to accessott®, Iregional,
national and global sources and possibilities. It is our duty to devetep a
strategy and methodology of teaching and cooperation between librarians
and teachers with the aim of improving learning results.
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CURRENT ISSUES OF FOREIGN LANGUAGE
TEACHER EDUCATION — FROM THEORY TO REALITY

Juljjana Vuco
Faculty of Philology, University of Belgrade, Sexbi
julijana.vuco@fil.bg.ac.rs

The education of foreign language teachers means a completealgivecl
process during which the following should be given: the knowledge about
theory and its application in foreign language teaching; the theory of
teaching foreign languages; psychology; the conditions of teachinghand t
methodological knowledge. At the same time, multiple externaiorfac
influence the preparation of foreign language teachers, for exathge,
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pressure of globalization processes and the needs for language poh wa
international communication, specific language politics, natioaat
supranational strategies about foreign language learning, ekiagli
centralized control over learning and teaching of foreign languad&s) (@s
well as relevant learning standards, education of teacherand]their
competences [2].

The education of teachers is one of the most important tasks of
educational systems in the modern world. Among multiple attittavesrds
these questions, most experts consider that the education ghfaeguage
teachers should include several main issues: excellent practmaledge of
the foreign language, through knowledge of foreign language theory and
related disciplines, and knowledge of conditions and contexts in wtmch
teacher works. The importance of high-grade foreign language teachers
Europe confirms a great number of projects, which had been chyritee
European Council by the end of XX century (SIGMA - www.sigmaweb.org
TNTEE - http://intee.umu.se/index.himwith the aim to support and offer
the most appropriate model of a teacher education. Documentsitfiatter
from that kind of effort in which problems and mistakes from mevi
systems are recognized are well known [1]. From these docuinentdear
that the main support for new viewpoints require an academic flevéie
teachers’ profession.

There are multiple sources that point us to types of teadharation.
Most of them mean that the teachers’ profession supposes mastery
knowledge which is scientifically founded, solid formal educaticserese of
social benefit, high standards for professional behaviour and d$&ills
competently performing challenging and useful tasks [3].

In this paper, relations between modern theoretical attitudesglsnotl
teachers education, legal obligations according to the currestita®erbia
are established, and th#e facto situation at the Faculty of Philology,
University of Belgrade — an institution that educates to atgegtent of
foreign language teachers in our environment.

A lot of theoretical critical views and experienced and possibligions
in practice are offered for the determination of certain pedaglogic
psychological — methodical teaching, as well as implementatioegofired
methodological practices.
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