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Some applications of the geometry of high-dimensional space-time in
physics

KOSTADIN TRENČEVSKI∗
∗Ss Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

It is an old idea from A. Einstein and H. Poincare to consider the time as 3-
dimensional, and it is also actual at the present time. The space should be
separated: 3D space related to the translations and 3D space related to the ro-
tations. Indeed, the existence of our observable space is not sufficient for exis-
tence of rotations. This 6D space is indeed at the same time a Lie group which
is isomorphic to the group Spin(4), and can be approximated by the group of
translations and rotations in 3-dimensional Euclidean space. The 3D time in
order to preserve the Lorentz transformations is necessary to contain an ad-
dend of type (v × r)/c2. This component gives possibility that this model of
3D time can be applied to the theory of atoms, and to give precise geomet-
rical description of the electronic structure and the nucleus, and also to give
description to the dark matter/ether. More geometrical applications can be
done through the so called motions without inertia. Indeed, if a rotation is con-
strained, then it converts into translation as non-inertial motion. Conversely,
if the translation is constrained, then it converts into rotation. If both trans-
lation and rotation are constrained if some conditions are satisfied, then the
body will be time displayed. A step further, the basic four interactions (strong
and weak nuclear forces, electromagnetic and gravitational forces) can be de-
scribed as a consequence of the non-commutativity among the translations and
rotations in corresponding Lie groups. An experimental verification can be
found in case of the elementary particles electron and muon. The electron ap-
pears to be a circle with radius 1.41 fm and which rotates with velocity about
αc/2, (α = 137.036−1), and also has orbital velocity with the same velocity
when it is not in orbit of an atom. In case of electron this model predicts the
g-factor, which is index of the ratio of the electron’s magnetic momentum to
its spin angular momentum, is equal to ge = −2.00231930436183 ± 40, while
the experimental value is −2.00231930436170 ± 152. Analogous results are ob-
tained by the Quantum Electrodynamics, but they are used for precise deter-
mination of the constant α. Moreover, in case of muon, this model predicts
gm = −2.002331839358573. The recent last experiment in Fermilab (2021) has
found that gm = −2.0023318408 ± 11, while the Quantum mechanics predicts
gm = −2.00233183620(86), which is 3 SD less than the experimental value.
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Time frequency analysis in spaces with Hörmander metrics

STEVAN PILIPOVIĆ∗
∗University of Novi Sad

Short time Fourier transform (STFT) in S ′(R2n), R2n is endowed with
the Hörmander metric gX, is analyzed and consequences on various
classes of ΨDOs are given. Also (STFT) and frames over Rn with the
Hörmander metric (Rn, gx) are analyzed by the use of Con f - families

φ = {φX, X ∈ R2nor Rn}.

The continuity properties of (STFT) on various spaces are also given.

This is a joint work with Bojan Prangoski from the University of Skopje
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Amazing Journey through Active Learning and Math-Art
Connections

VIOLETA VASILEVSKA∗
∗Utah Valley University, Orem, UT

Through her personal story and journey in mathematics, the presenter
will address some of her educational experiences in the USA, both as a
student and as a teacher. The presentation will display the presenter’s
struggles and growth, strengths and passions – through beautiful dis-
play of math.

Moreover, the presenter’s interest in nurturing active classroom and stu-
dent-centered activities, including ones that display connections with
art, will be discussed.

The end of the presentation will highlight some of these activities used
during the presenter’s high school outreach program as well as her eff-
orts to encourage diversity in STEM fields.
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ACADEMICIAN BLAGOJ POPOV
100 years since his birth

AKADEMIK BLAGOJ POPOV
100 godini od negovoto raǵaǌe

DONČO DIMOVSKI∗
∗Macedonian Academy of Sciences and Arts, Skopje

Ovaa godina se navrxija 100 godini od raǵaǌeto na Pro-
fesorot Akademik Blagoj Popov. Negoviot jubilej e i ju-
bilej na matematikata vo Makedonija. Roden 1923 godina
vo Koqani, toj do�ivea i 66 godini od osnovaǌeto na Uni-
verzitetot ”Sv. Kiril i Metodij” i 47 godini od osnovan-
jeto na MANU, qij qlen e od nejzinoto osnovaǌe. Od 1967
do 1969 godina bexe rektor na Univerzitetot, a od 1980 do
1983 godina bexe potprecedatel na MANU. Blagoj Popov
bexe vkluqen vo nastavata na Univerzitetot “Sv. Kiril
i Metodij” uxte od negovoto osnovaǌe. Mo�e slobodno
da se ka�e deka toj, zaedno so profesorot Mitrinoviḱ, ja
donese matematiqkata analiza vo Makedonija.

Blagoj Popov e matematiqar posveten na diferencijal-
nite ravenki. Toj se xkoluvaxe i izrasna vo nauqnik
tokmu vo vremeto koga diferencijalnite ravenki stanaa
najva�na matematiqka disciplina. Toa bexe vremeto na
prvata elektrotehnika (sistemi linearni diferencijalni
ravenki), raketna tehnika (ravenki so promenliva masa),
nuklearna energija (specijalni funkcii i ravenki na mate-
matiqkata fizika), itn.
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On the development of creativity in teaching mathematics

VOJISLAV ANDRIĆ∗
∗Mathematics club ”Diofant”-Valjevo

The basic demand of employers (in the broadest sense of the word) to-
wards educators today is undoubtedly the innovation of students, so
the educational system is expected to train young people to creatively
perform their, usually flexibly defined, professional duties, regardless
of whether these are jobs in the fields of economy, finance, administra-
tion, education or some other activities. That is why creative abilities,
initiative and cooperation are personality traits on which the innovative
behavior of each individual in performing their professional tasks sig-
nificantly depends.

Developing creativity through the teaching process is not impossible,
but not an easy task either. At the same time, considerable achievements
in this area are rightly expected from mathematics as a teaching sub-
ject that has good teaching continuity, but also the possibility of wide
application in everyday life. However, fragmentary studies of teaching
practice show that in schools, the problem of developing creativity in
mathematics teaching (and in general) is not given enough attention.

The aim of this talk is to direct the listeners’ attention to this problem,
point out the psychological and didactic foundations of creativity, show
some problem situations in which students’ creative expression is pos-
sible, emphasize the role of dialogue, games and research work of stu-
dents as active teaching methods for encouraging students’ creativity
and suggests certain principles that should be applied in order to obtain
as a result a fruitful, age-appropriate students creation.
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Clustering via Coherent Network Partition

ANGELA ANGELESKA∗ , ZORAN NIKOLOSKI†

∗University of Tampa, Department of Mathematics, Tampa FL
†Max Planck Institute of Plant Physiology and

University of Potsdam, Department of Bioinformatics, Golm

Coherent partition of a graph G is defined as a vertex partition that cor-
responds to a partition composed only of disconnected subgraphs in the
complement of G. An optimal coherent partition is defined as a coher-
ent partition induced by an edge cut with the smallest number of edges.
Here we characterize some relations between coherent and other types
of partitions, including: clique partitions, biclique partitions, and modu-
lar graph decompositions. We show that the problem of finding optimal
coherent partition in graphs reduces to a problem of finding optimal co-
herent partition in prime graphs. In addition, we demonstrate an appli-
cation of coherent partitions in systems biology by introducing a family
of parameter-free algorithms to efficiently predict protein complexes in
protein-protein interaction networks.
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Classes of Numerical Semigroups with Embedding Dimension
3: An algorithm for Computing the Frobenius Number

VIOLETA ANGJELKOSKA∗ , DONČO DIMOVSKI† ,
IRENA STOJMENOVSKA‡

∗American University of Europe – FON, Faculty of Informatics, Skopje
†Macedonian Academy of Sciences and Arts, Skopje

‡University American College, Faculty of Computer Science and Information technology, Skopje

In this paper we present an algorithm for computing the Frobenius num-
ber of a numerical semigroup G with embedding dimension equal to 3
such that

G = [n; {ı, j], {bi, bj}], GCD(n, i) = GCD(n, j) = 1, n < x < y

x = bin + i and y = bjn + j
As a consequence, we give an algorithm for determining the set F of
all numerical semigroups with embedding dimension 3, given its mul-
tiplicity n and the corresponding remainders i and j of the generating
elements x and y modulo n, i.e. the set

F = {[n; {ı, j], {bi, bj}] | bi, bj ∈ N, n < bin + i < bjn + j}
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Trees with minimum weighted Szeged index
are of a large diameter

RISTO ATANASOV∗ , BORIS FURTULA † , RISTE ŠKREKOVSKI‡
∗Department of Mathematics and Computer Science, Western Carolina University, NC

†Faculty of Science, University of Kragujevac, Kragujevac
‡Faculty of Information Studies, Novo Mesto,

& Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana,
& FAMNIT, University of Primorska, Koper

The weighted Szeged index (wSz) has gained considerable attention re-
cently because of its unusual mathematical properties. Searching for a
tree (or trees) that minimizes the wSz is still going on. Several struc-
tural details of a minimal tree were described. We present a surprising
property that these trees have maximum degree at most 16, and as a
consequence, we conclude that these trees are of large diameter.
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Time Series Analysis and Forecasting using ARIMA models

ANA ATANASOVA∗ , LIMONKA KOCEVA LAZAROVA† ,
PETRE LAMESKI‡

∗Goce Delcev University, Faculty of computer science, Stip and University of Aveiro, Aveiro
†Goce Delcev University, Faculty of computer science, Stip

‡Ss. Cyril and Methodius, Faculty of computer science and engineering, Skopje

Time series analysis represents a set of methods that enable the explo-
ration, understanding, and prediction of sequential data.

The exploratory data analysis includes checking if there are some pat-
terns in the data, such as having trends, seasonality, irregular fluctu-
ations and if the series is stationary or not. Understanding the char-
acteristics of the time series is crucial for selecting appropriate analyt-
ical approaches. The essential steps in the time series analysis are the
data processing techniques which transform the data in a way that al-
lows modelling algorithms to train better models and converge faster.
In the paper some basic analytical models such as autocorrelation and
decomposition are used. We also give an overview of popular forecast-
ing techniques such as ARIMA models, seasonal decomposition models
or exponential smoothing models. These methods capture the under-
lying patterns and relationships within the data, allowing for reliable
forecasting and anomaly detection.

The broader applications of time series analysis across diverse fields, in-
cluding finance, economics, weather forecasting, energy demand predic-
tion, and healthcare are considered also. The ability to uncover temporal
patterns and predict future trends empowers decision-makers, risk man-
agement, and operational planning.
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An algorithm for a class of (n, j, k)-good matrices related to
numerical semigroups with embedding dimension 4

MERITA BAJRAMI∗ , DONČO DIMOVSKI† ,
VIOLETA ANGJELKOSKA‡

∗University of Tetova, Faculty of natural sciences and mathematics, Tetovo
†Macedonian Academy of Sciences and Arts, Skopje

‡American University of Europe-FON, Faculty of informatics, Skopje

In this paper we recall definition of the notion of an (n, j, k)-good matrix.
For given natural numbers n, j, k where 1 < j, k < n we present an
algorithm for obtaining all (n, j, k)-good matrices. This implies that for
n, j, k as above, there are only finitely many (n, j, k)-good matrices.

26



Analysis of properties of some quasigroup equations

VERICA BAKEVA∗ , VESNA DIMITROVA∗ ,
ALEKSANDRA POPOVSKA-MITROVIKJ∗ , MARIJA PETKOVSKA∗
∗Ss. Cyril and Methodius University, Faculty of Computer Science and Engineering, Skopje

Quasigroups are algebraic structures that are increasingly used in cryp-
tography today. Research and application of these cryptographic primi-
tives is quite popular due to their specific properties. What is interesting
about quasigroups is that their number grows enormously depending
on the order of the quasigroup. Their application in block ciphers is
quite convenient, since with the help of simple transformations, quasi-
groups can provide good encryption, while requiring low performance.
In this paper, the construction of two types of quasigroup equations will
be shown and we will analyze the quasigroups that are solutions of the
given equations versus those quasigroups that are not solutions of the
equations.
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Common fixed point theorems for pairs of self-mappings on
(3,2)-W-metrizable spaces

TOMI DIMOVSKI∗ , DONČO DIMOVSKI†

∗Ss. Cyril and Methodius University, Faculty of Mechanical Engineering, Skopje †Macedonian
Academy of Scinces and Arts, Skopje

In this paper, we prove the existence and the uniqueness of a fixed point
for pairs of self-mappings in (3,2)-W-metrizable spaces analogous to Tf
contractions in ordinary metric spaces and we obtain two corollaries.
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Some fixed point theorems for rational type contractions

İREM EROĞLU∗
∗Ordu University, Faculty of Arts and Sciences, Ordu

Fixed point theory begins with the Banach contraction principle which
was firstly given by Banach in ”S.Banach, Sur les operations dans les
ensembles abstraits et leurs applications aux equations integrales, Fund.
Math., 3 (1992), 133–181.” There are important applications of fixed point
theory in mathematics, computer science, game theory, economics. A
lot of researcher generalized Banach contraction principle in different
directions. In ” J. J. Nieto, R. Rodriguez-Lopez, Contractive mappings
theorem in partially ordered sets and applications to ordinary differen-
tial equations, Order, 22 (2005), 223–239”, Banach contraction principle
extended to partially ordered metric spaces. Partial metric which is a
generalized notion of metric introduced by ”S.G.Matthews, Partial met-
ric topology, in: Proc. 8th Summer Conference on General Topology and
Application, in: Ann. New York Acad. Sci., vol. 728, (1994), 183–197.”
Matthews proved that Banach contraction principle is valid in partial
metric spaces and the obtained results applied to program verification.
In ” D.S.Jaggi, Some unique fixed point theorems, Indian J.Pure Appl.
Math. 8 (1977), 223-230”, fixed point results for rational type contrac-
tions have been obtained. These obtained results extended to partially
ordered metric spaces in ” J.Harjani, B. Lopez, K. Sadaragani, A fixed
point theorem for mappings satisfying a contractive condition of ratio-
nal type on a partially ordered metric space, Abstr. Appl. Anal., 2010
(2010), 19071.” In this work, we extend many fixed point theorems for
continuous contractions of rational type to the framework of those that
are orbitally continuous. Moreover, we get extensions of metric fixed
point results to the framework of partial metrics.
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The shearlet transform and asymptotic behavior of Lizorkin
distributions

ASTRIT FERIZI∗ , KATERINA HADZI-VELKOVA SANEVA†

∗University of Prishtina, Faculty of Mathematical and Natural Sciences, Prishtina
†Ss. Cyril and Methodius University, Faculty of Electrical Engineering and Information

Technologies, Skopje

The shearlet transform is a powerful technique used for achieving ef-
fective representation of high-dimensional signals. In a certain sense,
shearlets behave for high-dimensional signals as wavelets do for one-
dimensional ones. The continuous shearlet transform theory for square
integrable functions was developed by Kutyniok and Labate. Recently,
Bartolucci, Pilipović and Teofanov extended and analyzed the shearlet
transform and the shearlet synthesis operator in the Lizorkin type spaces
of test functions and distributions.

In this paper we study the asymptotic behavior of Lizorkin distributions
through the shearlet transform. We prove several Abelian and Taube-
rian results that characterize the quasiasymptotic behavior of Lizorkin
distributions in terms of their shearlet transform.
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Best proximity point results in the orthogonal metric
spaces

Milanka Gardašević - Filipović∗, Katarina Kukić†,
Dragana Gardašević‡

∗School of Computing, Union University, Belgrade
†University of Belgrade, Faculty of Transport and Traffic Engineering

‡The Academy of Applied Technical Studies, Belgrade

From the moment when the concept of the orthogonal set appeared in
2017, it become an interesting topic for research. Many authors investi-
gated the uniqueness of best proximal point results in different types of
metric space (X, d) where X is an orthogonal set and d is a metric on
X. Investigation of those results goes in two main directions. The first
type of investigation direction deals with different metric spaces, such as
standard metric space, b-metric spaces, metric-like spaces, b metric-like
spaces, modular spaces, etc. The second direction deals with different
types of contraction. Firstly, we present some necessary definitions with
many examples for a better understanding of the concept of the orthog-
onal set. After that, we give an overview of some results in this field.
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History and applications of nonlinear eigenvalue problems

Dragana Gardašević∗

∗The Academy of Applied Technical Studies, Belgrade

Matrix analysis is a powerful tool in the study of modern phenomena
and in the application of mathematics in science, engineering, medicine,
economics, physics and other scientific disciplines. The eigenvalue ana-
lysis, due to its numerous applications, represents an attractive area of
applied mathematics. During the 20th century, various researches on
the topic of eigenvalue theory were carried out. Hence the idea of this
paper is to give an overview of the history of the origin of this type
of problem, as well as its applications, primarily in engineering, which
would make this paper useful as a starting point for further studies of
these specific problems. In addition, the goal of this paper is to help
students of engineering sciences in understanding the application of some
mathematical methods in engineering, providing a solid basis for further
dealing with nonlinear eigenvalue problems.
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Determining value at risk using extreme value theory on a
financial data set

STEVO GJORGIEV∗ , ANETA GACOVSKA-BARANDOVSKA∗
∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Extreme value theory has a wide range of applications. The paper con-
siders application of extreme value theory in the area of financial flows.
Our data set has been processed using two different approaches, block
maxima and peak over the threshold method. We compare the obtained
results for the risk measures and draw conclusions on the behavior of
the financial flows for different time intervals.
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Measuring and improving the level of statistical literacy of
first-year undergraduate biology students

STEVO GJORGIEV∗ , ERBLINA ZEQIRI∗ ,
VESNA MANOVA-ERAKOVIK∗ , IRENA STOJKOVSKA∗

∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

With the increasing availability of data in biology research, biology stu-
dents must be able to analyze and interpret this data to accurately under-
stand biological phenomena. Statistical literacy is the ability to under-
stand, interpret, and critically evaluate statistical information in order
to make informed decisions and judgments. The research questionnaire
based on Gal (2002) and Watson and Callingham (2003) models for sta-
tistical literacy is conducted to determine the level of statistical literacy
of undergraduate biology students at Faculty of Natural Sciences and
Mathematics in Skopje, before taking the Statistics course. The results of
this study are used for improving methods of teaching statistics among
these students. Final test results after taking the Statistics course are an-
alyzed, in order to evaluate the effectiveness of teaching methods.
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Textual tasks for empowering students thinking and understanding

VALENTINA GOGOVSKA∗
∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Textual tasks can be a powerful tool for empowering students’ thinking
and understanding. Development of thinking and in particular develop-
ment of mental qualities – width, depth, independence, logic, mobility,
concreteness, criticism, speed, creativity, target orientation, generalisa-
tion, insight, and more, is one of the most important and consistent goals
and objectives of math teaching.

Simultaneously, the degree to which this aim is fulfilled determines the
level and effectiveness of the teaching process for the overall develop-
ment of the student’s personality. An important psychological and peda-
gogical condition for the development of quality of thinking is student’s
reflexive understanding of thinking as a process and their own mental
capabilities.

This work attempts to promote the use of textual tasks during every-
day mathematics classes, especially during classes for exercises through
a few examples. Well-chosen examples not only improve and empower
the process of doing mathematics, but also stimulate the process of cre-
ative thinking and motivate student’s individual development in their
current learning and understanding, thus leading to the formation of
intellectual reflection. Encouraging this kind of thinking is an effective
way to teach students to challenge themselves and get deeper under-
standing and getting long-lasting structural knowledge.

In conclusion, textual tasks are a powerful tool for empowering stu-
dents’ thinking and understanding.
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Mathematics is Lovely

ELENA HADZIEVA∗
∗University of Information Science and Technology ”St. Paul the Apostle”

This presentation is intended for wider audience as by its nature is a pop-
ular talk, for listeners of different levels of mathematical knowledge. It
will promote the qualities of mathematics related to its artistic, aesthetic,
and “supreme” beauties, which include balance, order, correctness, ex-
actness, truth, and “beautiful” emotions inspired (like admiration, ex-
citement, happiness, thankfulness, curiosity, respect, relaxation). The
natural connections of mathematics and art, mathematics and music,
mathematics and patterns, mathematics and design, will be presented.
The main objective of this talk is to widen the views of teachers at all
levels of education and to motivate them to spread further the beauties
of mathematics, bringing students into mathematical aspects they were
most likely unaware of.
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Interpolation methods on triangular meshes

ADMIR HUSEINI∗ , FILIP MIHOV†

∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje
†University of Oxford, Computer Science Department, Oxford

A triangular mesh is a 2-dimensional combinatorial manifold or sim-
plicial complex M, whose geometry is defined using a piecewise linear
function f : Ω → R3 from a 2d domain Ω with the same topology as M.

Given a set of static control points VS ⊂ M and a set of moving points
VM ⊂ M, an optimal interpolation is one that minimizes the Dirichlet
functional

ED ( f ) =
∫

Ω
∥∇ f ∥2 dx.

where ∇ f is the gradient operator. f also minimizes the total curvature
of the resulting triangular mesh. We present two solution methods.

The first method is based on the discrete Laplace equation on a mesh
given by

∆ f = 0

where ∆ = ∂2

∂x2 +
∂2

∂y2 +
∂2

∂z2 is the Laplace operator. The second method
is known as thin plate spline and is based on using Green functions or
radial basis functions to represent f .

Both methods lead to the solution of an over-determined system of (sp-
arse) linear equations in the least squares sense, which are solved us-
ing direct or iterative methods. We discuss their implementation in the
Math.NET Numerics code library and their computational efficiency. We
demostrate applications to 3d graphics including surface deformation,
free boundary parametrization and hole closing.

FIGURE 1. Deformation of a plane
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”Are you ready?” – Generation Z is here

VIKTORIJA ILIESKA∗ , ANKICA SPASOVA† ,
METODIJA JANCHESKI‡

∗Primary school ”Kole Nedelkovski”, Skopje
†Primary school ”Tihomir Miloshevski”, Skopje

‡Ss. Cyril and Methodius University,
Faculty of Information Sciences and Computer Engineering, Skopje

We live in the age of rapid developments in modern technologies. These
transformations have impact on all social spheres in today’s world. Dif-
ferent personal beliefs, social environment and generational affiliation
are reflected in behavior, communication, attitudinal and motivational
goals. Economic conditions, life values, cultural context of the environ-
ment, technological, educational and social possibilities in collective and
individual world can lead to different needs and strategies of behavior
even within the framework of the ”generation” itself.

First we will give a few main characteristics for ”XYZ - generations”
according to the modern, classic concept suggested by the American au-
thors, William Strauss and Nov, keeping them in mind: current/future
teachers born in the X/Y generation (X / 41–55 years old, Y / 26 to
40 years old) and students born in the Z/Alpha generation (Z /5 to
25 years old and Alpha are those born after 2015) and their specific on
Balkan countries, especially in Macedonia (Results obtained from our
conducted research on the topic “How much are our students domi-
nant representatives of the Z-generation in primary and secondary ed-
ucation”). After we “look” in consumer perspective and psychological
observations for generation Z, we will propose concrete strategies and
work techniques on how teachers should work with them in order to
build the new citizens of the 21-st century world.We will conclude with
possible flows and aspirations of our approach as well as a brief on how
these students can build certain skills to prepare for higher education,
especially in mathematics. Generation Z students are increasingly striv-
ing for independence, valuing ideas, innovation and entrepreneurship -
they are transforming the education system in many aspects which will
require educators to adapt and handle these changes. And we are here
to help them!
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Improving Mathematical Literacy with a Modification of the
Thought Process through Critical Thinking, Non-routine
Problems and Motivation

VIKTORIJA ILIESKA∗ , ANKICA SPASOVA† ,
METODIJA JANCHESKI‡

∗Primary school ”Kole Nedelkovski”, Skopje
†Primary school ”Tihomir Miloshevski”, Skopje

‡Ss. Cyril and Methodius University,
Faculty of Information Sciences and Computer Engineering, Skopje

Mathematics is often perceived as an abstract and incomprehensible sub-
ject, and it is accompanied by feelings of anxiety and apathy among stu-
dents. In the case study of Macedonia, we can undoubtedly look for the
reasons in the following triad: society, parents and the teacher-student
relationship. Today’s modern society requires citizens with new skills
and knowledge needed to create new technologies and innovations; cit-
izens with willingness to solve challenges in unknown circumstances.
The key is quality education that will produce competitive individuals
in the labor market, with competencies for reading and exchanging in-
formation, using practical knowledge and acquired skills, as opposed
to reproducing factual memorized knowledge. Developed countries re-
ward individuals not for what they know, but for what they can do with
their knowledge. PISA’s research indicates that the quality of educa-
tional systems and policies is tightly linked to teachers. Teachers pave
the pathway for students to answer the most important questions in ed-
ucation: “What do I know?” and “What can I do with my knowledge?”
We should not forget the motivational component as well.

For our paper, we are particularly interested in one of the three areas of
PISA: mathematical literacy with an emphasis on the novelty of 2018 -
the global competence for the assessment of knowledge in the field of in-
novation. We understand the urgency to research how well students are
able to apply their own knowledge, in our contest mathematical literacy,
and we recognize the role that mathematics brings in building construc-
tive, engaged and reflective citizens. The aim of the paper is to provide
conceptual solutions to support students’ development of competences
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for solving problems that include the ability to transfer knowledge, cre-
ative and critical thinking, through solving non-routine problems from
different perspectives, argumentation and in-depth understanding of
the problems’ structures.

Bloom’s taxonomy plays a vital role in achieving our goals and it evolves
around the following stages: applying, analyzing, evaluating and creat-
ing. The teacher here is a coordinator and motivator in students’ learn-
ing and the process of creating new ideas, products, and new ways of
understanding things using previous knowledge. Instead of imposing
an ”unknown” language, they should try to ”play” the game together
through students’ interests. Through critical opinion as a process in
which the subject analyzes facts, looks for a connection between them,
evaluates them and synthesizes conclusions – let us participate in the
”creation” of the new modern order.
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Forecasting the inflation in the Republic of North Macedonia
by using ARIMA model

ANA JOSIMOVSKA NIKOLOV∗ , SONJA GEGOVSKA-ZAJKOVA∗
∗Ss. Cyril and Methodius University,

Faculty of Electrical Engineering and Information Technologies, Skopje

Inflation modeling and forecasting are crucial for the economies of all
countries, particularly developing ones. This paper aims to forecast in-
flation in the Republic of North Macedonia. The chosen methodology
for econometric modeling of inflation in the country is the Box-Jenkins
approach, utilizing an ARIMA model. The analyzed time series focuses
on the consumer price index (CPI) with a base year of 2010. Data for
this analysis has been obtained from the State Statistical Office. As of
the time of modeling, the latest available observation for inflation was
from September 2022. The time series consists of 249 observations, with
a monthly frequency, covering the period from January 2002 to Septem-
ber 2022. The analysis reveals that the model accurately predicts infla-
tion for the first two months outside the sample period, with a differ-
ence of only 0.1 and 0.5 percentage points between actual and predicted
inflation, respectively. Consequently, it can be concluded that the Box-
Jenkins methodology yields highly accurate inflation forecasts for the
Republic of North Macedonia, specifically within the first two months
outside the sample period of the time series.
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Unlocking Mathematical Proficiency: Exploring Digital
Platforms as Catalysts for Overcoming Learning Barriers

DOBRI JOVEVSKI∗ , TATJANA A. PACHEMSKA† ,
ALEKSANDRA PESEVSKA‡

∗”Ilinden” Municipality Primary School, Kriva Palanka
†Goce Delčev University, Štip

†“Ljuben Lape” Municipality Primary School, Skopje,

This research explores the utilization of digital platforms as a means to
overcome learning barriers in mathematics for students with learning
difficulties, particularly dyscalculia and dyslexia. The study focuses on
strategies that connect mathematical concepts with real-life situations
and world problems, such as green math and financial math. Addition-
ally, it investigates the effectiveness of peer support through math de-
bates and interdisciplinary connections with other STEM subjects. Dig-
ital platforms offer various advantages, including enhanced visualiza-
tion, dynamic learning experiences, and independent exploration of math-
ematical concepts. By contextualizing math within real-world contexts,
students with learning difficulties can develop a deeper understanding
and practical application of mathematical principles. The incorpora-
tion of peer support through math debates promotes collaborative learn-
ing environments, facilitating confidence-building, critical thinking, and
problem-solving skills. Connecting mathematics with other STEM disci-
plines provides students with a holistic perspective, emphasizing the in-
terdisciplinary nature of scientific knowledge. The research is conducted
in primary education settings, specifically at OOU ”Ilinden” Kriva Palanka,
OOU ”Vera Jocic” Gazi Baba - Skopje, and OOU ”Ljuben Lape” Skopje.
The findings of this study contribute to the existing knowledge on lever-
aging digital platforms to enhance mathematics education and provide
valuable insights into strategies for overcoming learning barriers faced
by students with dyscalculia and dyslexia, ultimately promoting engage-
ment, understanding, and application of mathematical concepts in real-
world contexts.
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Early support for the development of a child
with autism spectrum to mathematical activity

EWA JÓWKO∗
∗Siedlce University of Natural Sciences and Humanities, Faculty of Pedagogy, Siedlce

The article concerns stimulating the development of children with autism
spectrum in shaping their mathematical skills. The author presents the
results of empirical research conducted in special education institutions.
The research group consisted of teachers and specialists implementing
early support programs for children on the autism spectrum and their
families.
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Solution of the Björling Problem for Spacelike Surfaces in L4

SEHER KAYA∗
∗Ankara University, Ankara

Björling formula is a way to obtain a minimal surface using a curve
called the core curve. Then the problem is considered in the Lorentz-
Minkowski space for maximal surfaces and also timelike minimal sur-
faces. Also it is possible to deal with the problem in four dimensional
spaces. Now using the Björling formula we obtain new examples of the
spacelike zero mean curvature surfaces in L4 and give the explicit para-
metric equations of the surfaces.
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Constructing mathematical didactics games
by children of preschool age

ANNA KLIM-KLIMASZEWSKA∗
∗Siedlce University of Natural Sciences and Humanities, Faculty of Pedagogy, Siedlce

One of the tasks of pre-school education is to support the intellectual
development of children along with mathematical education. Mathe-
matical education is one of the most difficult areas of education. Maths
is often not only non-supportive in terms of child’s intellectual devel-
opment, but in some children it can also impede or distort their per-
sonalities. As early as in pre-school, children often experience failures,
which may cause real drama. Consequently, many children are afraid
of Maths and tend to avoid, by all means, any out-of-school situations
associated with it. Thus, how to organise Mathematics so that they bring
the desired results? It seems that to help the child reach the level of cur-
ricular requirements, often a simple introduction of innovative methods,
suited to the child’s abilities and difficulties it experiences, would suffice.
One of them is the method of constructing didactic games. The article
presents the construction of didactic games by 6-year-old children from
a kindergarten in the Siedlce city.
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Reflective learning of mathematics teachers from the primary
and secondary schools of the Republic of North Macedonia

LIDIJA KONDINSKA∗ , SNEZANA RISTOVSKA† ,
MIQEREM RIZAL MEMEDI‡ , DANIELA TACEVSKA NIKOLOV∗∗

∗Bureau for Development of Education, Bitola
†OU Dame Gruev, Bitola

‡SOU Vtora Gimnazija 7 Marsi, Tetovo
∗∗Bureau for Development of Education, Shtip

In the paper ”Reflective learning of mathematics teachers from the pri-
mary and secondary schools of the Republic of North Macedonia” it is
about the reflection that should be practiced often. Teachers who prac-
tice reflection on their teaching can better follow the waves of change.
They face reality almost daily that is related to their basic work: vi-
olence, global pandemic, inequalities, rapid changes, adaptations and
so on. The shift to blended and online learning as a result of Covid-19
in 2020 is one such example. Then even the most experienced teachers
found themselves in unknown waters. Reflection on teaching and col-
laboration between teachers were key skills for rapid adaptation in the
time of Covid-19. The paper also presents the findings from research
on: the opinion of mathematics teachers about the need for reflection on
their teaching; the opportunity to include reflection as part of their own
path to professional development, the frequency of practicing reflection
and the strategies they use for reflection. Based on the interpretation of
the results of the research, the paper will give suggestions for improving
the culture of practicing teaching reflection among mathematics teachers
in primary and secondary schools of the Republic of North Macedonia.
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Creating game for solving mathematical textual tasks

ELENA KOTEVSKA∗ , MARZANNA SEWERYN-KUZMANOVSKA†

SONJA CHALAMANI∗ , MERITA AJDINI†

∗”St. Kliment Ohridski” University, Faculty of Technical Sciences, Bitola
†”St. Kliment Ohridski” University, Faculty of Pedagogy, Bitola

Modern mathematical methods in primary school teaching, point to dif-
ferent possibilities in managing the most crucial aspects in primary ed-
ucation, such as developing creative thinking and creative skills of stu-
dents. One approach to this problem is engaging the students in solving
textual tasks, as a form of creative work. In this paper we present one
innovative method for solving such tasks. Namely, to achieve greater
success in solving, students are motivated through playing a game. We
developed a special game named ”We create treasure finding maps” to
be used in solving all textual tasks for primary school mathematics. Stu-
dents solve the specific task simply by playing the game. In this way
students are presented with the original approach that is opposite to
the general belief about solving textual tasks as difficult, boring and re-
served for the ”special ones”. With this approach, students are having
fun playing the game, while at the same time they are finding the solu-
tion to the task. We showed that this method enables participation of all
students regardless of their mathematical knowledge and background.
The results are given before and after application of this approach. The
game is tested in 2022 with the third grade students.
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Solving realistic tasks with the help of mathematical modeling
among 4th graders

VALENTINA KUZMANOSKA∗ , BILJANA SHUMINOSKA∗
∗Elementary School ” St. Kliment Ohridski”- Ohrid

Mathematics is a rich and interesting discipline for research. It provides
many ideas and tools that are effective in solving problems that arise in
other fields. With the knowledge of certain skills, a way to solve prob-
lem situations is found. Ideas, knowledge and skills should be encour-
aged from an early age in students. Mathematical modeling is an activity
that appears as a set of thoughts when solving realistic tasks among stu-
dents from lower grades in primary education. This paper deals with
that topic.

After a series of consultations, conversations, surveys among us, teach-
ers, we decided to conduct a survey among the students of the 4th grade.
In support of this interest, research was carried out to solve realistic tasks
among students from the Elementary School ”St. Kliment Ohridski” in
Ohrid. The analysis of these studies gives a special picture of the im-
portance of introducing mathematical modeling in everyday teaching
practice.

The paper consists of four parts: theoretical approach to the problem, re-
search methodology, analysis and interpretation of the results and con-
clusion. Some discoveries about learning and teaching mathematical
modeling in primary school are presented here. The goal is to imple-
ment these conclusions and ideas in the overall education of the teacher
and the student.
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A Comprehensive Analysis of Students’ Performance in the
State Matura Mathematics Exam

BETI LAMEVA∗ , SONJA GEGOVSKA-ZAJKOVA† ,
JASMINA MARKOSKA†

∗National Examination Center of North Macedonia, Skopje
†“Ss. Cyril and Methodius” University,

Faculty of Electrical Engineering and Information Technologies, Skopje
‡SUGS ”Georgi Dimitrov”, Skopje

The state matura is external final examination that is conducted at the
end of four years of secondary education. Its goals include, among oth-
ers, monitoring and controlling the quality of secondary education, as
well as selecting candidates who compete for admission to higher edu-
cation. In this paper, the authors analyze the students’ achievements in
the mathematics exam by considering various factors, such as the type
of completed secondary education, gender, and nationality of the ex-
aminees. Furthermore, the students’ performance in four mathematical
areas is examined: Algebra, Geometry, Analytical Geometry and Pro-
gressions. The results obtained in the June examination session were
compared across three school years: 2018/19, 2020/21, and 2021/22.
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A note regarding some fuzzy SSPO mappings

SHKUMBIN MAKOLLI∗ , BILJANA KRSTESKA†

∗University of Prishtina, Faculty of Mathematical and Natural Sciences, Prishtina &
Ss. Cyril and Methodius University, Skopje, PhD student

†Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

In this paper we will introduce the concept of fuzzy SSPO irresolute con-
tinuous mappings, fuzzy SSPO irresolute open mappings, fuzzy SSPO
irresolute closed mappings as well as the concept of fuzzy SSPO home-
omorphism. We will prove that this class is independent from other
forms of fuzzy weaker continuous mappings. We will study some of
their properties and examine their relation with other forms of fuzzy
continuity.
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N-tuple orbits and n-tuple weak orbits tending to infinity

SONJA MANČEVSKA∗ , MARIJA OROVČANEC†

∗University ”Ss. Kliment Ohridski” – Bitola,
Faculty of Information and Communication Technologies

†Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

In this paper we give a sufficient condition for a given n pairwise com-
muting bounded linear operators on an infinite dimensional Banach space
X, which will imply that the space contains a dense set of vectors each
with a corresponding n-tuple orbit tending to infinity. The same condi-
tion is sufficient to imply that the product of X and its dual space will
contain a dense set of pairs each with a corresponding n-tuple weak or-
bit tending to infinity.
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Introduction of the concept of probabilistic algebras

SMILE MARKOVSKI∗ , LIDIJA GORAČINOVA-ILIEVA†

∗Ss. Cyril and Methodius University, Faculty of Computer Science and Engineering, Skopje
†University of Skopje, Faculty of Computer Science, Skopje

The notion of probabilistic algebra is introduced, which relies both on
Universal algebra and on Probability theory.

Let A and B be non-empty sets, and let DB be the set of all discrete
distributions on B. A probabilistic mapping from A to B is a mapping
h : A → DB. Every probabilistic mapping from An to A is a probabilis-
tic (n-ary) operation on A. Probabilistic algebra is a pair (A, F) of a set
A and a family F of probabilistic operations on A. “Ordinary” algebras
can be considered as a special type of probabilistic algebras. If F con-
sists of single binary probabilistic operation f on A, then (A, f ) is called
probabilistic groupoid.

In this paper, we deal with the class of probabilistic groupoids, regarding
identities, subgroupoids, direct products and homomorphisms.
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Matrix representation of Bilinear Multivariate Quadratic
Quasigroups of order 2n

MARIJA MIHOVA∗
∗Ss. Cyril and Methodius University, Faculty of Computer Science and Engineering, Skopje

The quasigroup ({0, 1}n, ∗) is called a Bilinear Multivariate Quadratic
Quasigroups (BMQQ) if the quasigroup operation can be represented
by a vector valued Boolean function f (−→x ,−→y ) = −→z , where for some
constants ck, aki , bki ∈ {0, 1}, k, i = 1, n

zk = ck +
n

∑
i=1

aki xi +
n

∑
i=1

bki yi +
n

∑
i=1

n

∑
j=1

dkij xiyj (1)

But, not every Boolean function yields a quasigroup. In this paper we de-
termine the relation between the coefficients, so that the above inequal-
ity defines a quasigroup. Moreover, we analyze the relationship between
the coefficients when the quasigroup is commutative and associative.
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Fuzzy ideals in (n + k, n)-semigroups

VALENTINA MIOVSKA∗ , DELCHO LESHKOVSKI† ,
VESNA CELAKOSKA-JORDANOVA∗

∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje
†International Balkan University, Faculty of Engineering, Skopje

The notion of fuzzy sets, introduced by Zadeh, is a fundamental mathe-
matical concept that deals with uncertainty. It has many applications in
a wide range of mathematical areas, as well as in engineering and eco-
nomics. A fuzzy subset µ of a nonempty set S is a function µ of S into
the closed interval [0, 1]. For all x ∈ S, µ(x) is called the grade of mem-
bership of x. If µ(x) = 1, then we say that x is fully included in S, and,
if µ(x) = 0, then we say that x is not included in S. If the set S bears
some structure, one may distinguish some fuzzy subsets of S in terms of
that additional structure. Fuzzification of algebraic structures was done
by Rosenfeld by introducing the notion of fuzzy (left, right) ideal in a
groupoid and the notion of fuzzy subgroup of a group.

Motivated by the study of fuzzy ideals in semigroups in some papers
of Kuroki, McLean and Kehayopuly, we extend these notions on vector
valued semigroups. We present the notion of fuzzy subset of vector val-
ued groupoid (semigroup) S, as well as fuzzy subgroupoid, fuzzy sub-
semigroup, fuzzy i-ideal (ideal) of vector valued groupoid (semigroup).
Suitable examples will be presented as well. Further on, we define prime
and fuzzy prime, semiprime and fuzzy semiprime subsets of vector val-
ued groupoids and investigate their properties, as well as properties of
fuzzy subsets of vector valued semigroups. We introduce the notions of
vector valued bi-ideal and fuzzy bi-ideal on a vector valued semigroup
and investigate some of their properties. We characterize the Green’s
relations Ji on a vector valued semigroup S in terms of fuzzy subsets.
Green’s relations J F

i on S are suitably defined and it is shown that they
coincide with the relation Ji on S.
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Sensitivity analysis of stochastic (s, S) inventory model with
Poisson demand process and exponential lifetimes

STEFAN MIRCHEVSKI∗ , IRENA STOJKOVSKA∗
∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

In [L. Liu, Operations Research Letters 9 (1990), pp. 161–167] a stochas-
tic (s, S) inventory model with Poisson demand process and exponen-
tial lifetimes is proposed. Based on those results, we give an algorithm
for finding optimal values of the parameters s and S. The algorithm is
tested on numerical examples for different values of the model parame-
ters. Also, theoretical results are obtained for the sensitivity analysis of
the optimal values depending on the change of some of the parameters
of the mentioned inventory model.
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Chain separatedness in a family covering space

ZORAN MISAJLESKI∗
∗Ss. Cyril and Methodius University, Faculty of Civil Engineering, Skopje

The paper gives a generalization of different kind of separatedness and
chain separatedness of a family covering space i.e. a space that is more
general than a topological space and it consists of a set and a family of
coverings of the set. In these spaces, the notion of pair of chain sepa-
rated sets is defined and their properties are presented. Other notions of
topological spaces to spaces are also generalized, such as types of spaces
(discrete, totally separated, totally chain separated, totally weakly chain
separated etc.) and other notions such as an isolated point. Most of
the claims and proofs in the paper are analogous to topological level. A
number of statements are not analogous, are analogous just in one di-
rection or cannot be generalized to the space level. Three examples for
spaces are given, to be shown that three statements do not hold in the
converse direction.
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Left and right G-outer inverses

DIJANA MOSIĆ∗
∗University of Niš, Faculty of Sciences and Mathematics, Niš

In order to propose weaker versions of G-outer inverse, left and right
G-outer inverses are presented as new generalized inverses. The sets
of all left and right G-outer inverses are described. Using left and right
G-outer inverses, we introduce new partial orders and establish their re-
lations with minus partial order and space pre-order. We apply these re-
sults to present and investigate left and right G-Drazin inverses of square
matrices and corresponding partial orders.
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Optimization problems in high school classroom

GORDANA NIKOLOVSKA∗ , IRENA STOJKOVSKA†

∗High School of City of Skopje ‘Georgi Dimitrov’, Skopje
†Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Optimization is determining the best result of a process, in accordance
with given conditions. In mathematics, it is determining the minimum
or maximum of a function by which we describe the process. We op-
timize our activities every day. Maximizing benefits, minimizing costs,
saving time, and other forms of optimization are in everyone’s inter-
est daily. Therefore, modeling and optimization techniques would be of
great benefit to young people, especially high school students.

In this paper, several examples of different types of optimization prob-
lems intended for high school students are presented. The given ex-
amples can be solved using different arithmetic or algebraic strategies,
depending on the age of the students. According to the goals of the
subject of Mathematics, this type of problems corresponds to the appli-
cation of the learned mathematical concepts and that is why we believe
that they are interesting for most students. Moreover, we believe that
the challenges of optimization problems would be of great importance
for students’ motivation in studying the subject of Mathematics.
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Scale Invariant Stochastic Gradient Method with Momentum

FILIP NIKOLOVSKI∗ , IRENA STOJKOVSKA†

∗Ss. Cyril and Methodius University, Faculty of Mechanical Engineering, Skopje
†Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Optimization in noisy environments arises frequently in applications.
Solving this problem quickly, efficiently, and accurately is therefore of
great importance. The Stochastic Gradient Descent (SGD) method has
proven to be a basic and an effective tool which is flexible enough to
allow modifications which improve its convergence properties. In this
paper we propose a new algorithm which combines the SGD with a
modified momentum term using a two-point step size estimation in the
Barzilai-Borwein framework. We analyze the convergence properties of
the algorithm. Numerical experiments are performed on a standard set
of test-functions in a noisy environment. We demonstrate that the pro-
posed method is scale invariant and that it outperforms the “vanilla”
SGD with momentum.
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Generalization of the Levin-Stečkin inequality

JURICA PERIĆ∗
∗University of Split, Faculty of Science, Split

In this talk we give generalization of the Levin-Stečkin inequality as a
result concerning difference of integral weighted arithmetic means. The
results are obtained using Green function. First we give results for gen-
eral weighted functions, and then with conditions on weighted functions
usually associated with the Levin-Stečkin inequality.
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Some modifications of the autoregressive component in
modeling non-negative time series of counts

PREDRAG M. POPOVIĆ∗ , MIROSLAV M. RISTIĆ† , MILOŠ B.
STOJANOVIĆ‡ , SRDJAN JOVKOVIĆ‡

∗University of Niš, Faculty of Civil Engineering and Architecture, Niš
†University of Niš, Faculty of Sciences and Mathematics, Niš

‡College of Applied Technical Sciences, Niš

Modeling time series of counts is a challenging task in many fields of
science. The important part in that research is devoted to the integer-
valued autoregressive (INAR) models. INAR models are composed of
two components: the survival and the innovation process. The survival
process is the autoregressive component of the INAR models. The fo-
cus of our research is based on proposing different modifications of this
process. As it can be seen on real data sets, the influence of previous
values on the current one may vary during the evolution of the ob-
served process. Thus, we discuss models which take into consideration
this fact. We have investigated models which incorporate the structural
break point, as well as the models which introduce the additional vari-
able into the autoregressive component which decreases or increases the
influence of the survival process. The models are tested and compared
with some similar models on real data sets.
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Fractional Multistep Differential Transformation Method used
to analyze a modified form of fractional order Lorenz system

YLLDRITA SALIHI∗ , GJORGJI MARKOSKI† ,
ALEKSANDAR GJURCHINOVSKI†

∗University of Tetova, Faculty of Natural Sciences and Mathematics, Tetovo
†Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Dynamics of nonlinear fractional-order Lorenz system is investigated
by employing Fractional Multistep Differential Transformation Method
(FMDTM). In order to illustrate the new technique, the numerical algo-
rithm is applied in the 3D solution of modified Lorenz system by adding
the fourth varied parameter d, considered as a highly simplified model
for the weather. Parameter fixed dynamical analysis method and chaos
diagram are used. Results show that the fractional order Lorenz system
has rich dynamical behavior and it is a potential model for application.
Investigation of dynamics is realized by fixing the parameters a = 40,
b = 3, c = 10 (system has chaotic behavior) and by changing the added
parameter d ∈ [5, 38], implemented with the aid of Mathematica sym-
bolic package. For d = 25, the minimal fractional order, for which the
system shows chaotic behavior is v = 0.8726, for d = 0.998, the minimal
value of d, for which system shows chaotic behavior is d > 12.05219.
The fractional derivatives are described in the Caputo sense. Based on
FMDTM, is shown that the system has rich dynamical characteristics,
it changes from a non-chaotic system to a chaotic one, using fractional
order v ∈ (0, 1). The method deals with the approximated solutions
to integer-order differential equations and is based on polynomial ap-
proximations, with good results (based on numerical experiments) for
fractional order closed to 1.
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Chain Connectedness – a Homotopy and Shape Invariant

NIKITA SHEKUTKOVSKI∗ , ZORAN MISAJLESKI† ,
EMIN DURMISHI‡

∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje
†Ss. Cyril and Methodius University, Faculty of Civil Engineering, Skopje

‡University of Tetovo, Faculty of Natural Sciences and Mathematics, Tetovo

The characterization of connectedness by coverings led to some new
concepts, as chain connected sets relative to the space, and characteri-
zations of other notions, as the quasi-components. We review some im-
portant results on chain connectedness of spaces and sets and on com-
ponents of chain connectedness. New results are also provided.
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New generalizations of 1MP and MP1 inverses

DUNJA STOJANOVIĆ∗
∗The Academy of Applied Technical and Preschool Studies, Niš

Solving some systems of equations, two new classes of generalized in-
verses are introduced. In this way, the concepts of 1MP and MP1 in-
verses are generalized. Various representations and characterizations of
these new inverses are presented. Applying new inverses, a few linear
equations are solved.

The paper is a joint work with Dijana Mosić.
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Visualization of elementary functions and their properties

MIRA TASHKOVA∗ , ZORAN TRIFUNOV† ∗SVMS Kole Nedelkovski Veles
†University Mother Tereza, Faculty of Technical Science Skopje

With the recent changes in education in Macedonia, the number of math-
ematics classes is reduced or remains very small, both in high schools
and in secondary vocational technical schools. But in order for students
to be future successful engineers, they need to have a good knowledge
of mathematics. So, in these conditions we have to find a way to achieve
the same thing. The application of software and their use in studying
mathematics is one of the ways to achieve the desired better results.
The dynamic software will allow the students to successfully master
the planned contents of mathematics, while maintaining the interest of
the students, during which they will apply their knowledge from pro-
fessional subjects. In this paper we will present how with the help of
the free software GeoGebra we will visually represent the functions and
with dynamic applets we will determine: definition area, set of values,
zeros, monotonicity, etc. We will also present some elementary functions
with applets that will also have sliders which will dynamically change
the functions and determine their properties. All these applets are avail-
able on the web and the students themselves will be able to use them
when acquiring new knowledge in mathematics.
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Constructivist strategies in teaching mathematics to children

SABINA WIERUSZEWSKA-DURAJ∗
∗Siedlce University of Natural Sciences and Humanities, Faculty of Pedagogy, Siedlce

Constructivism emphasizes the process, not the outcome of education. It
is emphasized that the child’s extracurricular knowledge must be used
in the teaching process. The key thesis is the inability to convey math-
ematical knowledge through even the best demonstrations and verbal
explanations. A child may know what is being shown to him, he may
know all the words used by an adult, but if he does not have the ap-
propriate previous experience and his mental development has not yet
reached the necessary level, no explanation will be enough to under-
stand and assimilate new concepts for him. Mathematical knowledge
is also not created by association, by associating what the student sees
with words or symbols, although such a belief was widespread in the
nineteenth century and still manifests itself many times today. Mathe-
matical knowledge is created in the child’s mind as a result of a long-
term process in which the basic role is played by activities performed
independently (such as, for example, counting objects, arranging tokens
to represent people or things referred to in the arithmetic task, playing in
buying and selling, matching cut geometric figures to each other). Every
child has to go through this journey personally. It is not enough that he
looks closely at the actions of someone else.

66



Reception of Friedrich Froebel’s concept in
the mathematical education of preschool children in Poland

MAŁGORZATA WIŚNEWSKA∗
∗Siedlce University of Natural Sciences and Humanities, Faculty of Pedagogy, Siedlce

In the era of innovation and creativity, teachers are looking for ideas
and teaching methods as desirable competences. Fryderyk Froebel is a
19th century German pedagogue and theoretician of preschool educa-
tion. He formulated principles for education, taking into account the
assumptions of modern STEAM: unity of the universe - unity of science,
respect for the child and his individuality, the importance of play in the
child’s development. For this to be possible, the forces of the head, hands
and heart must be integrated. Education should therefore be global. In
the preschool and early school years, the child should gain as much ex-
perience as possible. What is important is his independence in acting
and gaining knowledge. He developed teaching aids called gifts. The
article shows the use of Frobl’s concept in modern education.
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Various mathematical techniques for analyzing of image data
by mathematical models

MÀRIA ŽDÍMALOVÁ∗
∗Slovak University of Technology in Bratislava, Faculty of Civil Engineering, Bratislava

This contribution deals with the proceeding of the image data and the
mathematical approach for processing and analyses of image data. We
present medical, biological, and engineering data. Mathematical mod-
eling is a very good and strong tool for the analysis and modeling of
this data. Consequently, mathematical modelling brings a good ana-
lytical, enumeration, and visualization perspective if representing dif-
ferent types of image data. We discuss some methods for medical im-
age analyses. One point brings perspective from discrete mathematics
and discrete algorithms, dealing with graph theory, discrete mathemat-
ics, statistics, aggregation functions for image data analyses. We focus
on the analyses of the techniques, using image processing and segmen-
tation of the detected objects. We also mention machine learning ap-
proach for image data processing. A machine learning-based segmen-
tation technique is required to get good performance to deal with bio-
logical images. Through semantic segmentation, regions of interest can
be identified for cell assessment. Clinicians can use segmentation re-
sults to identify abnormal cell and improve therapy planning. The cre-
ation of high-quality labelled and annotated datasets is a critical part
of achieving the algorithmic goal of automated medical image segmen-
tation. We also consider a bottom-up aggregation procedure in which
regions are merged based on probabilistic considerations. Here we use
the merge strategy suggested for the Segmentation by Weighted Aggre-
gation denoted also (SWA) algorithm which employs a hierarchy con-
struction procedure inspired by Algebraic Multigrid solutions for dif-
ferential equations. The SWA algorithm begins with a weighted graph
representing image pixels, and in a sequence of steps creates a hierarchy
of smaller (“coarse”) graphs with soft relations between nodes at subse-
quent levels. The framework of the aggregation-based segmentation uti-
lizes adaptive parametric distributions whose parameters are estimated
locally using image information. Segmentation relies on an integration
of intensity and texture cues, with priors determined by the geometry of
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the regions. The method is modular and can readily be extended to han-
dle additional cues. In this work we have a cooperation with Medical
Faculty of Comenius University in Bratislava, Slovakia. We cooperate
with the Institute of Immunology, the Institute of Anatomy, the Institute
of Medical Physics, Biophysics, Informatics and Telemedicine. Image
data comes from Comenius University, from Medical Faculty.
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TRAINING SEMINAR WITH WORKSHOP:
Strategies for encouraging creativity in teaching mathematics

TRAINING SEMINAR INSTRUCTOR:
VALENTINA GOGOVSKA∗

∗Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

Mathematics educators have a great challenge to foster the development
of higher order thinking skills in students, such as formulating and solv-
ing problems, reasoning and communicating ideas and solutions. The
purpose of this training is to involve teachers in encouraging creativity
in students (for both primary and secondary school students), through
regular mathematics instruction by using suitable strategies for devel-
oping creative thinking skills, in particular, mathematical problems and
other instructional materials. We expect a fruitful discussion about cre-
ativity in the teaching process. Some current, open issues related to it
will be encouraged.

Duration: 2 days.

On some possible forms of creativity development in teaching
mathematics

WORKSHOP INSTRUCTOR:
VOJISLAV ANDRIĆ†

†Mathematical club ”Diofant”, Valjevo

Creativity researchers prove that creativity is a gift and that cannot be
taught. But they also believe that creative behavior can be developed
and encouraged. In teaching mathematics, there are several ways to en-
courage the student to be creative.

The aim of this methodical workshop is to demonstrate some of the pos-
sible forms of developing students’ creativity in mathematics lessons us-
ing concrete examples (problem situations). Specifically, the following
forms will be discussed:
1. Solving problems by analogy;
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2. Solving problems in many different ways;
3. Non-standard solving of known problems;
4. Originality in solving unknown problems;
5. Solving problems using logical – combinatorial abilities;
6. Formulation of original problems;
7. Inverse problem solving;
8. Refutation of incorrect hypotheses;
9. Developing sensitivity to generalizations;
10. Observing invariance;
11. Developing the ability to quickly determine the existence of a solu-
tion to a problem;
12. Construction of a mathematical object that satisfies the given com-
plex conditions;
13. Direct, but non-obvious application of mathematical theorems, rules,
assertions;
14. Indirect and non-standard application of mathematical theorems,
rules, assertions;
15. Developing the ability to solve an unknown problem by breaking it
down into several known problems;
16. Independent discovery of unknown, but known to mathematical sci-
ence, mathematical statements, rules, theorems;
17. Application of mathematical knowledge in non-standard life situa-
tions;
18. Solving geometric problems with algebraic methods;
19. Solving algebraic problems geometrically;
20. Other, interesting forms of developing creativity.

Workshop participants will have the opportunity to present their own
experiences from teaching practice, which represent a successful exam-
ple of developing creativity in mathematics teaching.

Duration: 2 Hours.
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WORKSHOP: Introduction to Data Analysis and Modeling

WORKSHOP ORGANIZERS:
FILIP NIKOLOVSKI∗ , IRENA STOJKOVSKA†

∗,† Ss. Cyril and Methodius University, Skopje
∗ Faculty of Mechanical Engineering, Skopje

†Faculty of Natural Sciences and Mathematics, Skopje

Target audience:

• Primary: university-level mathematics lecturers, university stu-
dents;

• Secondary: high school and elementary school mathematics teach-
ers, high school students, enthusiasts.

Content. The following broad topics are covered:

• Basics of Python programming (data types and structures, con-
ditionals, loops; libraries and modules; user-defined functions);

• Data description and visualization;
• Models and modeling (unsupervised and supervised learning).

Objectives. The following list contains the main objectives:

• Familiarization with the fundamentals of the Python program-
ming language;

• Presenting data using appropriate tools and means;
• Choose an appropriate model in a practical setting.

Skills. After finishing the workshop, participants will be able to:

• Write short Python programs to solve a problem;
• Load, analyze and visualize data in Python using dedicated li-

braries and modules;
• Given some data, construct a model which can be used in appli-

cations;
• Compare several models based on their performance and choose

the optimal one.
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Requirements:

• General: active Gmail account for the participants (or Anaconda
installed on their computers).

• Software: Browser (e.g. Google Chrome or Mozilla Firefox) and
MS Excel or similar (optional).

Summary:

Data analysis and data engineering, along with machine learning are
becoming an integral part of the life of researchers and scientists. Orig-
inally restricted to the applied sciences, nowadays it is increasingly be-
coming an integral part of everyday life. This makes understanding data
and working with it very important and very relevant. The goal of this
workshop is to present the capabilities of the programming language
Python in terms of data analysis (loading, displaying, visualizing, and
manipulating data) and model construction and evaluation (building,
evaluating, and choosing an appropriate model). No previous know-
ledge of programming is required.
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WORKSHOP: Testing Tests

WORKSHOP ORGANIZERS:
SONJA GEGOVSKA-ZAJKOVA∗ , OLIVER ZAJKOV†

Ss. Cyril and Methodius University,
∗Faculty of Electrical Engineering and Inforamtion Technologies, Skopje

†Faculty of Natural Sciences and Mathematics, Skopje

Teachers often use tests to assess students’ knowledge. Unfortunately,
during their education, they are not trained to analyze the test, to per-
form item analysis and to evaluate test validity and reliability. The par-
ticipants of this workshop will get acquainted with test analysis instru-
ments, they will learn the meaning of the item analysis basic indicators
and how to calculate: the index of difficulty, the index of discrimination,
the coefficient of biserial correlation of the points, etc. As a measure of
the test reliability, Kuder Richardson’s index 20 will be used. The partic-
ipants will have the opportunity to analyze the real test results and learn
how to interpret them, and then, based on the obtained results, they will
evaluate the validity and reliability of the test. Special attention will be
paid to the distractor analysis. Based on that analysis, participants will
be able to create the distractors. Participants are advised to bring their
own computer so they can do the analysis themselves. Basic knowledge
of Excel is required.
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ROUND TABLE:
Scientific and professional networks involving mathematicians

MODERATOR:
ELENA HADZIEVA∗

∗ University of Information Science and Technology ”St. Paul the Apostle”, Ohrid

Target audience: Teaching and research staff from HEIs, but all others
are welcome.

Description: This round-table aims to present different scientific and
professional networks involving mathematicians and share personal ex-
periences and possibilities among participants. Some of the networks
that will be presented are:
1. European Women in Mathematics (EWM) – an international associa-
tion of women working in the field of mathematics in Europe,
2. Central European Exchange Program for University Students (CEE-
PUS) – a multilateral University exchange program for students and
teachers, in the extended Danube region based on an international Agree-
ment,
3. Erasmus+ Program for Teaching Staff Exchange – supports teaching
periods at higher education institutions (HEIs) abroad,
4. European Cooperation in Science and Technology (COST) – a funding
organization for the creation of research networks, and
5. National Unions of Mathematicians – each country has a national
union of Mathematicians that works towards popularization of mathe-
matics and advancement of mathematics research and education; can we
cooperate and/or exchange good practices?

We would like to acquaint the participants that haven’t had an opportu-
nity to be involved in some of the networks, with the ways to become a
member, as an individual or institution. We would also like to present
the possibilities that the listed networks offer and motivate connections
between participants for establishing new cooperations within or out-
side the networks. The participants are encouraged to present a network
that is not in the list, share their personal experience (positive or nega-
tive) of being a part of a network, and open a new discussion related to
the topic. Duration of the round table: 45-60 min.
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ŽAKLINA ATOVA
SOU Kole Nehtenin, Štip
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SEPUGS ”Vasil Antevski”-Dren, Skopje
E-mail: borche.joshevski@gmail.com

DIMITRA KARCHICKA
Ss. Cyril and Methodius University, Faculty of Natural Sciences and Mathematics, Skopje

SEHER KAYA
Ankara Auniversity, Ankara
E-mail: seherkaya@ankara.edu.tr

ANNA KLIM-KLIMASZEWSKA
Siedlce University of Natural Sciences and Humanities, Faculty of Pedagogy, Siedlce
E-mail: anna.klim-klimaszewska@uph.edu.pl

LIDIJA KONDINSKA
Biro za razvoj na obrazovanieto - Bitola
E-mail: lkondinska@yahoo.com

ELENA KOTEVSKA
University ”St. Kliment Ohridski” – Bitola, Faculty of Technical Sciences, Bitola
E-mail: elena.kotevska@tfb.uklo.edu.mk

VIOLETA KUZMANOSKA
OOU ”Sv. Kliment Ohridski” – Ohrid
E-mail: abacus.edukacija@yahoo.com

BETI LAMEVA
INational Examination Center of North Macedonia
E-mail: betilameva@dic.edu.mk

DELCHO LESHKOVSKI
International Balkan University, Skopje
E-mail: d.leshkovski@ibu.edu.mk

SHKUMBIN MAKOLLI
University of Prishtina, Faculty of Mathematical and Natural Sciences, Prishtina
E-mail: shkumbin.makolli@uni-pr.edu

SONJA MANČEVSKA
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LENČE STOJANOVA
OOU ”Pere Tošev” – Rosoman
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