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Abstract

The importance and role of teachers, as one of the key factors in the quality teaching process, have always attracted the atten-

tion of various authors and have been the subject of numerous theoretical considerations and empirical research, both in the field

of pedagogy and beyond. Given the scope and breadth of problems in the teaching process, the role of teachers and ways of teaching

are studied in different areas, such as, for example: school age of students, the level of student achievement, type of school, subjects,

teaching methods, forms teaching work and the like.

In this paper, the role of mathematics teachers in relation to student success in this subject was studied. The research was con-

ducted in order to determine the procedures of teachers who realize their professional role in the most important areas of teach-

ing activities (organization and implementation of teaching; developing motivation and interest of students to learn mathematical

content; achieving quality communication and interaction between teacher - student), and to determine their connection with the

achieved level of student success in teaching mathematics.

Keywords: Role of Teachers; Subject Teaching of Mathematics; Planning, Preparation and Implementation of Teaching

Introduction

The term mathematics is in frequent use in various social
spheres. Like subject, it activates logical thinking in students and
thus contributes developing their competencies and thus enabling
them for certain animals invitations and choosing future occupa-
tions. Mathematics teaches us to be wise and yes we solve prob-
lems step by step. It should be loved, because it is logical and tan-
gled such is a challenge for many and a willingness to deal with it
in different ways. Each of us can learn math. There is no human
activity that does not depends on math, all high schools, and many
colleges have math as school subject. The significance of the sub-
ject of mathematics is enormous, not only as an educational one
subject, already contributes to personality building. Objectives and
tasks of the subject are strictly defined, and in primary school they
are intended for acquiring a basic language and mathematical lit-

eracy.

The pedagogical ability of the teacher and the climate he cre-

ates in the classroom are conditioned are characteristics of his

personality and can be crucial for the student’s learning and course
learning progress. Teacher behavior affects the image a student
creates of him. At a younger school age, teacher behavior has the
most influence. Personality the teacher leaves a “trace” with the
students he teaches. The teacher must, u educationally, constantly

be clear, understandable, honest, consistent, simple students.

A math teacher performs one of the most challenging and beau-
tiful occupations. In addition, the mentioned occupation is very
responsible. It depends on the teacher how much he will, and to
what extent, be successful. The question is what are the qualities
that will lead him to that way. This question led me to decide on
this topic and its analysis will help me enable me to understand
how important human and pedagogical characteristics are in or-
der to achieved good results in teaching. In this paper, 12 traits are
considered teachers as individuals and pedagogues. One teacher
should be: competent, creative, characteristic, communicative, co-
operative, cultural, constructive, computerized, broken (healthy),

credible (confidential), cosmopolitan. All these the characteristics
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are important so that the children’s heads, which are needed, can
be entrusted to him shape and steer on the right path. A teacher
who will nurture these qualities, if any possesses, if not, then to
make an effort to acquire them, and success in school will not be
lacking. The goal diploma thesis is an explanation of each of these
features and their impact on quality teaching. The listed charac-
teristics are the unity of one successful teacher mathematics, but
each is specific to itself and each took time, home schooling, a lot of
upbringing and education, patience, because it is necessary to cre-
ate from children, moral, creative people, with a lot of self-esteem,
brought up, educated and with a positive view of the environment

and the world.

Relationship between mathematics methodology and math-
ematics, pedagogy, psychology and didactics

Like any other science, the methodology of teaching mathemat-
ics is closely connected with other sciences and in the study of this
subject the knowledge of those sciences is used. From the series
scientific disciplines, whose knowledge he uses, for the methodol-
ogy of teaching mathematics from special of importance and signif-
icance is pedagogy, didactics, and psychology. How mathematical
upbringing and education includes the contents of mathematics by
which they are realized laws of pedagogy and didactics according
to which the government is governed, in accordance with student
age, the specificity of the degree and quality of intellectual values
of on which the methodology of teaching mathematics is based,
in the study of one’s own subject the help of other sciences is also
needed, such as logic, philosophy, ethics, etc. It his is exactly what
characterizes the interdisciplinarity of the methodology of teach-
ing mathematics. Surely that the question of the connections and
relations between the teaching methods is of great importance
mathematics towards mathematics and pedagogy. It relies on
knowledge and results mathematics and pedagogy, that some con-
sider it mathematical and some pedagogical discipline. The meth-
odology of teaching mathematics has established connections with
mathematics and relations mostly through mathematical contents
which are used for teaching. That is achieves the moment when
the mathematical contents are put in the function of education and

education.

Mathematics determines mathematical contents, and meth-
odology determines conditions, forms and methods, i.e. ways in

which their educational function will be realized.

The methodology of teaching mathematics establishes connec-
tions and relationships with mathematics and the path methodi-
cal interpretations of the contents determined by the mathematics
teaching program. General pedagogy discovers, studies and deter-

mines the general laws of education, and methodology mathemat-
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ics of the same law is studied in the teaching of mathematics. That
connection of teaching mathematics with didactics is narrower,
narrower and is reflected in taking over and using general didac-
tic laws in teaching. This is because didactics is performed from
the reality of many subjects and what is worth teaching in general,
while the methodology of mathematics is valid only for that sub-
ject. Part of didactic and mathematical the content is common, and
the part is different and is conditioned by the specifics of teaching
mathematics. Thus, for example, the didactic rule of obviousness
is the same for teaching all subjects, even for teaching mathemat-
ics. However, there is some content that condition the specificity
of teaching mathematics, which is expressed in the applicable ob-
viousness. The methodology of teaching mathematics is a math-
ematical and pedagogical discipline. For the methodology of teach-
ing mathematics, its connection with psychology, and especially
child, developmental, and pedagogical. The nature of mathematics.
The contents point to the methodology of teaching mathematics in
close cooperation with the psychological sciences. This is of special

importance at the beginning of primary school, but also later.

The importance of mathematical education

Mathematics as a science is of great importance today, both in
the lives of individuals and at the global social level (Bourdieu and
Wacquant, 1992; Mackay, 2007). The emergence and development
of mathematics was initially conditioned by practical life needs. In
that earliest period, mathematical advances were used for various
measurements and calculations in the fields of crafts, agriculture,
construction, for calculating calendars and the like. With the de-
velopment of civilization and literacy in all areas of social activity,
mathematics, i.e. mathematical literacy, also developed, which en-
abled the further development of science and civilization (Botic,
2002). In modern trends of social development, mathematical
knowledge is of great importance in all spheres and levels of hu-
man activities. According to some authors (Woodrow, 2003; Keitel,
2006), mathematics learning and mathematics education are today

one of the key elements of society’s economic prosperity.

Understanding the importance of mathematical knowledge in
the modern world has contributed to the fact that in some devel-
oped countries the demands for the improvement of mathemat-
ics education are increasingly emphasized. Such demands can be
seen even in the attitudes of the governments of certain countries
or professional bodies, which insist on a larger number of work-
ers with high knowledge in the field of mathematics (US Depart-
ment of Education, 1997: 14, according to: Baranovi¢, 2012: 166).
Such requirements are also present in the European Research
Consortium for Puzi¢ and Informatics and Mathematics (ERCIM),

emphasizing that the improvement of mathematics education is
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an “absolute necessity” to ensure Europe’s economic competitive-
ness in the global market (ERCIM News, 2008). The importance of
mathematical abilities and the need to develop them in education
has been pointed out by other authors (Bell, 1999; Castells, 2000;
Keitel, 2006; Mackay, 2007). In their opinion, the level of acquired
knowledge in mathematics is the driving force of modern, scien-
tific and technological development. Also, the mentioned authors
believe that the social impact of mathematics is most noticeable in
the field of information technology. This reasoning was explained
by the accelerated flow of large amounts of information in various
areas of social life (Mackay, 2007), in which the process of produc-
tion and distribution of information goods and services is the basis
of a new way production, based on mathematical knowledge. That
direct consequence of the described changes is the application of
mathematics in all key segments of society and, accordingly, math-
ematics is gaining more and more importance in the modern world
(Bell, 1999; Castells, 2000). This understanding of the importance
of mathematics is taken by Woodrow (2003), who believes that
mathematics is a “language of science”, so in this sense, mathemat-

ics can be seen as a prerequisite for knowledge of technology.

Apart from the fact that mathematics influenced the develop-
ment of modern science and information technology, its signifi-
cance is also visible in the fact that at the same time it developed
and perfected itself as a science. Namely, with the invention of com-
puters, completely new mathematical disciplines were developed,
such as programming mathematical and logical tasks, specialized
computer languages, process modeling and others. Also, numer-
ous mathematical theories and mathematical operations have
emerged, the most famous of which are probability theory, infor-
mation and control theory, game theory and the like. Today, there
is almost no science that does not use mathematical achievements
in the study of its subject. According to certain authors, mathemat-
ics is also used in those sciences in which it was not used before
or its significance was negligible. Some of these sciences are, for
example, biology, geology, linguistics, sociology, medical and other
sciences (Charanchi, 2011: 17; Kas¢elan, 2001, 48). When it comes
to medicine or biology, mathematical advances are used in numer-
ous studies in the fields of genetics, inheritance, maturation, me-
tabolism, fatigue and the like. However, that is not all. Mathematics
today occupies a significant place in the social sciences, which was
not the case before. Based on different mathematical operations,
using statistics, as well as in other ways, different quantitative and
qualitative analyzes of social reality are performed, ie problems
that are studied in the context of different social phenomena and
relationships (Cebié, 2000, 58). Mathematics, therefore, has be-
come a part of life and culture, it has become a science without

which life in the modern world is difficult to imagine.
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The presented views of various authors provide insight into the
fact that quality mathematics education provides students with
significant advantages in the choice of future professional or aca-
demic activities. In addition, various authors believe that investing
in the education of students in the field of mathematics poten-
tially ensures the economic security and prosperity of an entire
society. A brief account of the importance of mathematics educa-
tion clearly indicates the fact that it is achievable higher levels of
student achievement in mathematics need to create appropriate
conditions. In this regard, the question of the quality of mathemat-
ics teaching as well as the role of teachers in this context is jus-
tifiably raised. Also, given the results of various studies (Aunola.,
et al. 2013; Pavlovi¢-Babi¢ and Baucal, 2013; Hidi 2000; Zimmer-
man and Kitsantas, 1999; TIMSS, 2003/2007, according to: Gasi¢-
Pavisi¢ and Stankovi¢, 2012), Based on which it was determined
that older students in primary school achieve significantly lower
results and have more difficulties in learning mathematics com-
pared to younger students, it is important to focus this issue on the

role of teachers in subject teaching mathematics.

Through various activities carried out by the mathematics
teacher in the teaching work, it is possible to significantly improve
the quality of teaching, as well as student success (Antonijevi¢,
2011; Kilpatrick and Swafford, 2002; Romano, 2009; Frenzel., et
al. 2009; Hidi and Harackiewich, 2000; Windsor, 2010). One of
the important conditions for such a thing is the proper realization
of the professional role of teachers in the areas explained in the
previous part of the text (organization, planning, preparation and
implementation of teaching; motivation and interests of students;
quality communication and interaction in the classroom), which
will be presented in more detail. chapters of this paper. In addition,
in order to achieve appropriate teaching procedures, it is necessary
to have a good knowledge of mathematics as a science, or math-

ematics as a teaching area.

Mathematics as a science and a subject

Proper organization and implementation of mathematics teach-
ing requires from teachers a good knowledge of mathematics and
mathematical relations in a broader context. This requirement
refers to a good knowledge of important areas in mathematics
as a science, complete knowledge of mathematics as a subject,
understanding of the relationship between mathematics as a sci-
ence - teaching mathematics, as well as respect for significant
characteristics and specifics of mathematics teaching. The first of
the questions that is asked in this context is: what is mathematics,
i.e. what is the subject of its study? The answer to this question is
not easy to give. Namely, even today there is no single and gener-

ally accepted definition of mathematics. One of the reasons for its
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non-existence is the large number of different criteria according
to which the authors have defined mathematics as a science. Thus,
D’Alamber and Grassmann (according to: Spijunovié and Mariéié,
2016: 45), starting from the original meaning of the term “math-
ematics” (lat. Mathema - the science of quantities), defined math-
ematics as the science of the properties of quantities according to
the subject, i.e. as a science on the relations between sizes and spa-
tial forms. This definition of mathematics implied real quantities,
i.e. quantities and their relations in the real world. However, the
fact is that mathematics observes quantities in an abstract sense as
well. No other science has performed such an abstraction of quali-
tative properties as is the case in mathematics, which has led to the
existence of various definitions, according to which mathematics
is defined as an abstract science. Based on that, in the literature
there is a view that mathematics is a science that studies quanti-
tative relations and spatial forms, which in the most direct sense
of the word, are abstracted from reality (according to: Spijunovié
and Marici¢, 2016: 46), i.e. that mathematics is a science that stud-
ies abstract concepts, created by generalizing the concepts of the
real world (Vukovi¢, 1996). Deji¢ and Mihajlovi¢ [1] explain the
problem of precise definition of mathematics, as well as the final
determination of its subject of study, by the development process

of mathematics as a science.

These authors believe that the development of mathematics has
changed its subject of study. For example, in the mathematics of
Ancient Egypt, China, Babylon and India, the emphasis was placed
exclusively on arithmetic, so for that period it would be correct to
define mathematics as the science of numbers. On the other hand,
the ancient Greeks mostly dealt with geometry, so they also ex-
amined numbers geometrically. In their time, it could be said that
mathematics was understood as the science of numbers and geo-
metric shapes. With the advent of Descartes’ analytical geometry,
as well as Newton'’s and Leibniz’s differential and integral calculus,
the nature and subject of mathematics changed. The basis of this
mathematics was movement and change, which marked a period
of variables. In that sense, mathematics could be defined as a sci-

ence that studies number, shape, movement, change and space [1].

Given the developmental characteristics of mathematics as a
science, it can best be understood in a broader context, as the sci-
ence of quantity (arithmetic); structures (algebra); space (geome-
try) and change (analysis). However, we should not lose sight of the
fact that mathematics is a science that is constantly evolving and in
which new mathematical disciplines are being re-created. At the
beginning and during the 20th century, many abstract mathemati-

cal theories appeared, such as algebraic structures, topological
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structures, algorithm theory, programming and others. This means
that in mathematics nothing is given forever, but that one follows
from the other, that it always strives for permanent development,

so that no definition of mathematics should be considered final.

The relationship between mathematics as a science and math-
ematics as a teaching area is interdependent. On the one hand, the
teaching of mathematics has always followed the development of
mathematical scientific achievements. One of its basic tasks was to
adapt the most important of what has been achieved in mathemat-
ics as a science to teaching, i.e. to students, so that mathematics
teaching fully expresses the needs of society (Cebié, 2000, 604).
On the other hand, in order to achieve significant mathematical
achievements, as well as their successful application, it is neces-
sary to design and implement quality mathematics education
(Spijunovi¢ and Marii¢, 2016, 47). Therefore, it can be said that
mathematics, as a subject, in a way represents a link between stu-
dents and mathematics as a science. This interpretation of math-
ematics teaching can be derived on the basis of the previously men-
tioned views of the author on the importance of student education
in the field of mathematics. Given the dynamics of the development
of science and technology, nowadays mathematics education is be-
coming increasingly important, and the teaching of mathematics
plays a key role in training students to practice mathematics. In this
regard, Antonijevi¢ (2011: 86) concludes that any individual can
successfully monitor the development of society and become an ac-
tive participant in a particular field of work, if he is allowed to in-
stitutional education builds the foundations of the system of math-

ematical knowledge and develops a mathematical way of thinking.

In the basic education system, mathematics as a subject occu-
pies a significant place. Acquisition of mathematical concepts and
acquisition of knowledge in mathematics create the basis neces-
sary for successful mastering of teaching materials in other sub-
jects, such as physics, chemistry, technical education, informatics
and others. In addition, the teaching of mathematics has a broader
significance than the learning and cognition that takes place in it.
This significance implies the influence that is exerted in the direc-
tion of the development of the personality of each student, in the
intellectual, aesthetic or other aspects of the development of the

personality.

Based on the educational plan, i.e. on the basis of the fund of
classes, it can also be noticed that in our primary education, math-
ematics, as a subject (along with the Serbian language), occupies a
significant place. According to the rules on the norm of hours direct

work with students (Sl.glasnik.RS. Prosvetni glasnik, no.2/92 and
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2/2000) in classroom teaching (from 1% to 4™ grade) mathemat-
ics is represented by 5 lessons per week, while in subject teaching
(from 5% to 8% grade) the fund of mathematics classes is 4 hours
per week. Except in the fifth grade, where the teaching of the Serbi-
an language is represented by 5 lessons per week, in other grades
the teaching of mathematics, together with the teaching of the Ser-

bian language, has the largest fund of lessons.

The presented data speak in favor of the fact that mathemat-
ics is an important subject in our schools. However, based on the
above data, it is not possible to determine the quality of teaching
hours, in terms of mastering mathematical requirements. That
quality of teaching largely depends on the teachers and on the
ways in which they organize teaching activities within the speci-
fied fund of classes. If mathematics teachers find appropriate ways
to enable all students, often in their class of about thirty, to master
the intended tasks and contents, then four hours a week can be
considered sufficient time for students to achieve a high level of
achievement in mathematics. However, if the situation is different,
i.e. if teachers do not find appropriate ways to raise the quality of
teaching to a higher level, which in addition to teacher training,
largely depends on the number of students and class structure,
then the question remains whether a fund of classes is provided.
sufficient for mastering the teaching material and achieving a
higher level of student success in this subject. Therefore, based on
the mentioned assumptions, the need for greater involvement of
mathematics teachers, as well as for a deeper study of the role of
teachers in mathematics teaching can be clearly seen. In addition
to the above, these assumptions speak in favor of the complexity of
the teaching process and for they entail a number of other issues,
which go beyond the scope of this paper and which, in addition
to the importance of studying the role of teachers in the teaching
process, impose the need for deeper study of various contextual

factors of the teaching or educational process.

Goals and tasks of teaching mathematics in subject teaching
The teaching of mathematics in primary school is determined
by the contents, goals and tasks that correspond to the general
age abilities of students. According to the rulebook on the curricu-
lum for the seventh grade of primary education (Official Gazette
of RS-Education Gazette “No. 6/2009, 3/2011; Rulebook 8/2013),
the objectives of teaching mathematics include the following: ac-
quiring basic language and mathematical literacy and progress
of students towards the realization of appropriate standards of
educational achievements; training students to solve problems
and tasks in new and unknown situations; training to express and
explain one’s opinion as well as to participate in discussions with

others; developing motivation for learning and interest in the sub-
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ject contents; acquisition of elementary knowledge necessary for
understanding phenomena and laws in nature and society; training
students to apply the acquired mathematical knowledge in solv-
ing various tasks in life practice, training students to successfully
continue mathematics education and self-education; as well as the
contribution to the development of mental abilities, the formation
of a scientific view of the world and the all-round development of

the student’s personality.

By the same rulebook, the goal of teaching mathematics is op-
erationalized through a number of general and operational tasks of
teaching mathematics. The general tasks of teaching mathematics
are as follows: creating various opportunities to fully realize the
purpose, goals and tasks of education, as well as the goals of teach-
ing mathematics through various contents and forms of work dur-
ing the teaching of mathematics; acquiring the knowledge neces-
sary for understanding quantitative and spatial relations and laws
in various phenomena in nature, society and everyday life; acqui-
sition of basic mathematical culture, necessary for understanding
the role and application of mathematics in various fields of human
activity (mathematical modeling) for successful continuation of
education and involvement in work; developing students’ ability to
observe, observe, as well as logical, critical, analytical and abstract
thinking; developing students’ cultural, work, ethical and aesthetic
habits, as well as arousing mathematical curiosity; acquiring the
ability to express oneself in mathematical language, clarity and
precision of expression in written and oral form; adoption of ba-
sic facts about sets, relations and mappings; mastering basic op-
erations with natural, integer, rational and real numbers, as well as
adoption of the basic features of these operations; getting to know
the most important geometric objects: lines, figures and bodies,
and understanding their mutual relations; training students for
precision in measurement, drawing and geometric constructions;
preparing students to understand the relevant contents of natural
and technical sciences; building positive traits of the student’s per-
sonality, such as: systematicity, persistence, accuracy, orderliness,
objectivity, self-control and a sense of independent work; acquiring

habits and skills in using different sources of knowledge.

Based on the general tasks, the mentioned rulebook also de-
termines specific tasks, which arise from the content of teaching
for the seventh grade, and they provide training of students for the
following: to understand the concept of square of rational number
and square root; understand real numbers as measures of length,
i.e. as points on the number line determined by the lines that rep-
resent such a measure; get acquainted with the concept of degrees
and operations with degrees; are able to perform basic arithmetic

operations with polynomials, as well as other identical transfor-
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mations of these expressions (indicated in the program); get ac-
quainted with the rectangular coordinate system and its applica-
tion; are well acquainted with direct and inverse proportionality
and practical applications; they know Pythagoras’ theorem and are
able to apply it to all studied geometric figures in which a right
triangle can be observed; know the most important properties of
polygons and circles; are able to construct individual regular poly-
gons (with 3, 4, 6, 8 and 12 pages) and to draw other regular poly-
gons by calculating the central angle and transmitting it with a pro-
tractor; know the most important patterns regarding polygons and
circles and be able to apply them in appropriate tasks; understand
the notion of scale length and properties of proportion; are able
to translate into mathematical language and solve simpler textual
problems; use elements of deductive reasoning (and derive sim-

pler evidence within the studied content).

Insight into the goals and tasks of teaching mathematics, pre-
sented on the basis of the rulebook on the curriculum for the
seventh grade, can be seen the importance and need for learning
mathematics in modern society. These goals present the general
requirements for training students in mastering mathematical
content, as well as the requirements for developing mathematical
thinking, which provides students with better opportunities for
active participation in modern society. Also, the insight into the
above clearly shows the importance that teachers, as one of the
key factors in the educational process, have in teaching with older

students of primary school.

With a deductive approach, from general to individual, in the
above rulebook, based on the established goals, specific tasks in
mathematics teaching are defined, whose analysis reveals certain
details, ie dilemmas, which need to be addressed from the point of
view of this paper. Namely, the first in a series of established tasks
can serve as an example, i.e. “enabling students to understand the
concept of the square of a rational number and the square root”.
The mentioned task explains what the students should be trained
for, but it is not stated in which ways and procedures in teaching
the mentioned task should be accomplished. Certainly, it is clear
that there are no established “recipes” on the basis of which teach-
ers should train and teach each student individually, nor is it pos-
sible to determine this within one teaching task in the rulebook,
or even any other educational document. Therefore, teachers are
expected to find the best ways to implement these tasks, which

would achieve the set goals.

In this context, it is necessary to point out certain dilemmas,
such as whether all mathematics teachers can understand the re-

quirements before them, how they understand or accept their role
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in solving them, whether all teachers can find adequate ways. to
solve the above tasks and the like. In addition, the question is to
what extent it is possible to accomplish these tasks, given the fact
that in one class, teaching mathematics is attended by a large num-
ber of students with different psychophysical abilities, different
interests and different levels of previously acquired mathematical

knowledge.

These dilemmas are just some of the many, to which it is not
easy to give precise answers, which requires additional research
in the field of studying problems in teaching mathematics. How-
ever, the fact is that the mentioned requirements, i.e. tasks in the
teaching of mathematics require good training of teachers for the
realization of their professional activities. This implies that math-
ematics teachers must know their subject well, i.e. that their knowl-
edge in the field of mathematics exceeds the requirements stated
in the goals and tasks of teaching. Also, mathematics teachers must
find adequate ways to implement the presented requirements in
teaching. In order to be able to realize them, it is necessary for them
to know their students well, their abilities and limitations, as well
as to understand their problems and needs and, accordingly, to

achieve quality cooperation with their students.

Specifics of mathematics teaching and the professional role of
teachers

The teaching of mathematics contains a number of specifics,
which require teachers to be fully committed and engaged in all ar-
eas of teaching. Some of the most important specifics of mathemat-
ics teaching are the following: mathematical abstractness, i.e. the
abstractness of mathematical contents; the language of mathemat-
ics; developing mathematical thinking; high level of student activ-
ity in teaching mathematics; and the necessary continuity, gradu-

alness and systematicity in the adoption of mathematical content.

Mathematical abstractness - abstractness of mathematical con-
tents. One of the specifics, which is most often mentioned in the lit-
erature, is mathematical abstractness, i.e. the abstractness of math-
ematical contents (Bogutovac, 2008; Charanchi, 2011; Frenzel.,, et
al. 2006; Cebi¢, 200, Romano, 2009). In the etymological sense, the
term “abstract” means a certain phenomenon or object that is sen-
sually invisible and separate from the immediate, concrete reality,
while “abstraction” means the thought process of obtaining what
is abstract, or imagined or general, which is achieved by separa-
tion essential (essential) of irrelevant characteristics of certain ob-
jects, phenomena, quality and the like (Trebjesanin, 2011: 40). In
this process, abstract thinking is developed, which goes beyond the
perceptual level of thinking and concrete phenomena, but already
includes thought operations with abstract, general phenomena and

symbols.
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Mathematics is an abstract science and there are many abstract
concepts in it, such as: number, point, line, plane, circle, triangle,
figure, square root, polynomial, coordinate system and others.
Therefore, one of the tasks of the teacher is to train students to
understand abstract mathematical concepts, as well as their inter-
relationships. However, this requirement is not easy to meet, for
which, for example, the definition of mathematics as a science can
serve. Thus, when it comes to definitions of mathematics as a sci-
ence, it can be seen that its essence is often explained by terms that
are more difficult to understand than the very term “mathematics”
(Bogutovac, 2008: 70). This approach in mathematics teaching,
where teachers explain abstract mathematical concepts with cer-
tain concepts that are not sure that all students understand them,
can create additional problems in understanding and mastering
mathematical content. In such situations, mathematics seems
even more distant to students, which creates a feeling of confusion
and misunderstanding, and can cause a decline in their interest in
mathematics, the emergence of mathematical anxiety and the like
(Schwartz, 2000; Hidi, 2006; Frenzel,, et al. 2010), which certainly

affects the level of student achievement in this subject.

When the age or cognitive conditions of students do not allow a
certain mathematical concept to be treated as adopted by science,
then the concept of this concept in school conditions can be simpli-
fied. However, this does not mean that in order to simplify math-
ematical concepts, certain features are added to them that are not
in line with scientific meaning. In other words, abstract concepts
in mathematics teaching should correspond to adequate concepts
in mathematics as a science and there should be no discrepancies

between them.

The problems of mathematical abstractness, i.e. the abstract-
ness of mathematical content in teaching, were also discussed by
Naziev (2015). This author points out that abstract objects and
concepts appear not only in mathematics, but also in other sci-
ences and subjects, as is the case, for example, in the teaching of
physics (when considering atomic nucleus models), or in zoology
(when speaks of animal classes) or in some other sciences (Naziev,
2015: 3). As one of the adequate ways to reduce mathematical ab-
straction, which would bring the teaching of mathematics closer
to students, Naziev suggests considering (explaining) mathemati-
cal abstract concepts with continuous comparison with things and
phenomena in the real world. Thus, this author accepts the view
that mathematics is an abstract science, but does not ignore the
fact that it arose from the practical needs of people, which, in his
opinion, means that mathematics does not go beyond its abstrac-
tions, and that abstract concepts in mathematics must be explained

by concrete concepts, ie concepts from the real world. What is also
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important to note is that in the teaching of mathematics we often
start from abstract concepts, which cannot be explained by con-
crete concepts or examples from the immediate reality (Hidi, 2006;
Naziev, 2015). Then, previously abstracted concepts are used as a
starting material for abstraction and idealization in mathematics.
Such procedures form “abstractions from abstractions” in which,
at first glance, it is difficult to notice the quantitative relations and
spatial forms of the surrounding reality, but which nevertheless
have their originof them (Naziev, 2015: 4). So, although the con-
cepts in mathematics are abstract, they still do not represent abso-

lute thought constructions, but are connected with reality.

Therefore, the task of the teacher is to find appropriate didactic
and methodological ways, by which they will perform the transfor-
mation of abstract mathematical concepts into concepts that will
be understandable to the student. The role of mathematics teach-
ers is reflected in the fact that, in addition to good knowledge of
mathematics as a science and knowledge of teaching in general, in
order to reduce the level of its abstractness should know theories
of children’s thinking, to teach mathematics in accordance with cer-
tain didactic principles (Spijunovic and Maricic, 2016), as well as to
harmonize the teaching of mathematics with modern tendencies
of education, modern methods and means of learning (Schwartz,
2000; Frenzel., et al. 2010; Naziev, 2015).

The language of mathematics

In addition to being abstract, mathematics is specific in that
it has its own mathematical language (Barwell, 2013; Fagan,
2005; Kilpatrick and Swafford, 2002; Kurnik, 2006; Naziev, 2015;
O’Halloran, 2005). The fact is that language has a significant func-
tion in all sciences. It represents one of the four constitutive ele-
ments of every science, because it contains concepts and terms
characteristic of a given science. When it comes to mathematics,
the specificity of language is reflected in the fact that mathematics,
much more than spoken language, uses different symbols and sym-
bols, which represent mathematical concepts. Signs, symbols and
signs in mathematics are of a universal character and their knowl-
edge enables everyone to understand mathematical contents. The
function of mathematical language in the teaching of mathematics
can best be seen in the previously mentioned mathematical ab-
straction. Mathematical concepts and objects of study are mostly
abstract and the fact is that they are difficult to understand or ex-
plain without the proper use of mathematical language. In doing
so, it is important to point out that the nature of mathematics as a
science requires mathematics teachers to be strictly disciplined in
the use of mathematical language. Otherwise, there is a misunder-

standing of mathematical content, and thus less progress in learn-

ing.
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Knowledge of mathematical language is also important from
the point of view of quality communication and interaction in
mathematics teaching, as indicated by various authors (Yunus,
Oktay and Isik, 2004; Kurnik, 2006). According to some authors,
one of the basic tasks in mathematics teaching is to develop qual-
ity teacher-student communication (Kurnik, 2006), and in addi-
tion, understanding mathematical language has a broader sig-
nificance, such as communication in social interactions (Morgan.,
et al. 2014). Kurnik (2006: 99), for example, distinguishes math-
ematically from spoken language and considers that mathematical
language created by perfecting certain characteristics of spoken
language, such as the breadth of its expressive possibilities (use of
synonyms) and ambiguity (use of homonyms). When it comes to
homonyms, Kurnik thinks that their use in teaching mathematics
should be avoided, because it can lead to many ambiguities and
misunderstandings. This author illustrated his position with an
example with the term “root”, which in spoken as well as in math-
ematical language has multiple meanings (tooth root, root, plants,
nerve root, square root, equation root, n* root). On the other hand,
the use of synonyms in mathematics is positive, because it simul-
taneously indicates the richness of language, but also more spe-
cifically defines a given concept, which can be seen in terms such
as: square, regular quadrilateral, rhombus with right angle and the
like. Similarly, the “richness” of mathematical language has been
reported by other authors (Barwell, 2013; Morgan., et al. 2014; Yu-
nus, Oktay and Isik, 2004). They also believe that there are many
symbols and signs in mathematics, but also that these symbols al-
low for precise mathematical expression. It is therefore up to the
teacher to teach students how to use mathematical language. It is
not enough for students to use the language of mathematics, i.e.
mathematical symbols and concepts only to denote certain phe-
nomena and objects. It is necessary to understand the internal
structure of language, as well as to understand the relationship

between certain phenomena and objects.

The task of teachers in mathematics teaching is, therefore, to
teach students to communicate mathematically, as well as to de-
velop and nurture mathematical language in them. In addition to
the adoption of mathematical signs, symbols and symbols (con-
stant, number, unknown, variable, etc.), the role of the teacher
is reflected in teaching students the proper use of mathematical
language. Good knowledge of mathematical language and quality
mathematical communication are one of the conditions for achiev-

ing a higher level of student success in mathematics teaching.

Necessary development of mathematical thinking necessary for
learning mathematics. The development of mathematical thinking

is another specificity that occupies a significant place in the teach-
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ing of mathematics (Blanton, 2008; Cvetkovi¢, 1981; Carpenter
and Levi, 2000; Prvanovi¢, 1970; Usiskin, 1997; Windsor, 2010).
The term “mathematical thinking” is quite complex and has not
yet been precisely defined in the literature. Therefore, in various
relevant works, other terms can often be found, such as: critical,
logical, abstract or creative thinking (Kurnik, 2006; Marici¢, 2006;
Prescott, 2001; Schwartz, 2000). However, it can be considered that
the term “mathematical thinking” basically encompasses all the

mentioned terms (Marici¢, 2006).

In the broadest sense, mathematical thinking implies logical
thinking, which builds mathematical concepts, phenomena and
processes, notices similarities and differences between them, re-
veals their mutual relations and dependencies (operated by them)
and based on the above, make certain decisions. According to
Cvetkovi¢ (1981), one of the basic tasks of teaching mathematics is
to enable students to look at the world from a mathematical point of
view, which can be achieved by training students to adopt and con-
nect mathematical concepts. This author believes that the process
of adopting concepts is one of the central problems in the teaching
of mathematics, as well as that the adopted mathematical concepts
are the basic means of mathematical thinking (Cvetkovi¢, 1981,
69). Prvanovic (1970) also dealt with the problems of mathemati-
cal thinking. Understanding that mathematical thinking constructs
concepts and reveals mathematical relations and dependencies be-
tween them, and that in this way mathematical truths (facts) are
revealed, Prvanovic considers it general and incomplete. One of the
basic tasks of teaching mathematics, according to Prvanovi¢, is to
enable students to think mathematically and to know the features
of modern mathematical thinking, which is enabled by investing in
modern mathematics, i.e. creating teaching content aimed at de-
veloping students’ thinking operations (Prvanovi¢, 1970: 14). Ac-
cording to this author, the role of teachers in the development of
mathematical thinking in students is reflected in the use of differ-
ent methods of problem-based learning, where the student should
be placed in a situation where he will notice and distinguish what
is mathematical. The teacher’s task is to guide the student through
mathematical situations so that he himself realizes that different
situations can be called by the same name, which allows the stu-
dent progressive training to structure certain knowledge and use

them in different situations.

The importance of mathematical thinking in their works is also
pointed out by other authors (Prescott, 2000; Schwartz, 2000;
Farner and Dafi, 2002; Kieren, 2004). Although they use the term
“critical thinking” more often in their work, Prescott and Schwartz
(Prescott, 2001, Schwartz, 2000), for example, consider that one of

the basic tasks of mathematics teachers is to enable their students
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to think mathematically. Prescott even thinks sothat training stu-
dents to think critically (mathematically) is as important as train-
ing them to calculate and solve mathematical problems (Prescott,
2001: 26). One of the ways to encourage students to develop math-
ematical thinking, these authors see in encouraging students to
voice their answers, suggestions and ideas, as well as to participate
in discussions with the teacher and other students. Kurnik (2006:
101) writes in a similar way about the importance of mathematical
thinking, who believes that mathematical thinking is the basis for
the realization of one of the basic didactic principles, ie the prin-
ciple of permanence of knowledge. Many authors see the precon-
dition for the development of mathematical thinking in students
in the development of mathematical language (Barwell, 2013;
Morgan,, et al. 2014; Kurnik, 2006; Naziev, 2015), which indicates
the interrelationship of these specifics of mathematics teaching, as
well as the importance of engagement. teachers in all areas of the

teaching process.

In the literature, in addition to the above terms, which include
mathematical thinking, there are also terms such as “algebraic
thinking” or “algebraic reasoning” (Carpenter and Levi, 2000;
Greenes and Findell, 1998; Kieren, 2004). However, in a similar
way as mathematical thinking, or critical thinking in mathemat-
ics, “algebraic thinking” means the development of thinking that
includes analyzing the relationship between certain quantities,
highlighting structures, noticing and analyzing changes, general-
ization, problem solving, estimation, inductive and deductive infer-
ence and others (Greenes and Findell, 1998; Kieren, 2004).

The problem of enabling students to think mathematically, in
addition to the specific tasks that teachers need to fulfill in the im-
plementation of their professional activities, requires teachers to
know well the characteristics of the mental structures of their stu-
dents, as well as their emotional state. Only with a good, i.e. com-
plete knowledge of his students, as well as an adequate approach
to each individual student, the teacher will be able to help students

in appropriate ways in developing mathematical thinking.

High level of student activity in mathematics teaching. The im-
portance of students’ active participation in teaching is often em-
phasized in the pedagogical literature. Whether it is active teach-
ing, active learning, quality school (Ivi¢, PeSikan and Anti¢, 2001;
Suzi¢, 2010; Glaser, 1994; Matijevi¢, 2010; Azuka, 2013), the es-
sence is that the emphasis is on greater engagement students in
the teaching process. Most often, active teaching presents it as a
teaching concept that is the opposite of the traditional school. The
differences between traditional and active teaching can be briefly

described in the following. Namely, traditional school (teaching) is
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characterized by pre-defined plans and programs, teaching (mono-
logue) method of teaching, student as a passive listener, reproduc-
tion of memorized material and the like. On the other hand, when it
comes to active teaching, it is more focused on the student and his
personality. In active teaching, teaching materials should be well
designed and adapted to the interests of students, teaching meth-
ods should be dominated by practical and work activities, labora-
tory exercises, social activities, research tasks and more (Matijevic,
2010; Prenzel 1992; Suzi¢, 2005). This view of active teaching ap-
plies to all subjects, not just mathematics, so the question can be
asked, what is the difference between student activity in mathe-
matics teaching compared to other subjects and why a high level of
activity is seen as one of the specifics of teaching math? There are
several answers to this question, and many of them are presented
in the requirements of other specifics of mathematics teaching. As
stated earlier, mathematics is an abstract science that has its own
language dominated by numbers, signs, and symbols. For success-
ful mastering of mathematical contents, it is necessary to know the
language of mathematics which also enables the development of
mathematical thinking. These specifics require students to actively
participate in teaching mathematics, which includes solving prob-
lems, finding different solutions, exchanging opinions, asking ques-
tions, giving answers, presenting their own ideas and the like. In
addition to the above, the answers to the question should be sought
in another specificity of mathematics teaching, which is not pre-
sented in the previous part of the text. It is about the necessary
continuity, gradualness and systematicity in the adoption of mathe-
matical content. “Learning mathematics and mastering mathemati-

cal content is an upgrading process” (Schwartz, 2000: 63).

Unlike other subjects (Serbian language, biology, history, etc.),
in the teaching of mathematics, the successful mastering of new
teaching contents largely depends on how well the student is
trained and how well he has mastered the previous teaching mate-
rial. Each new step in mathematics is based on the previous one.
New knowledge is upgraded to already adopted, and the applica-
tion of acquired knowledge is used to determine them and create
conditions for the adoption of new knowledge. The contents ad-
opted in such a process are the basis for solving new problems
and mathematical problems. Successful mastering of new require-
ments does not end the process of acquiring knowledge, but only
begins, because then it is the turn of active learning of new teaching
contents and so on. This process is one of the reasons why Deji¢ [2]
believes that in mathematics classes should be dominated by heu-
ristic conversation and discussion and not teaching, or presenta-
tion of teaching content and explanation by teachers. The teaching
contents of some other subjects can be learned by multiple reading

(repetition of reading), while with mathematics this is not the case.
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Learning mathematics requires continuous work, as well as find-
ing different ways to successfully solve problems, which requires
a higher level of student activity. Some authors believe that math-
ematics, if taught formally, without the establishment of appropri-
ate problem situations, without interesting content that reflects
their application in real life, as well as without the active partici-
pation of all students, can quickly become boring, which will cer-
tainly affect the quality their achievements (Egeri¢, 2008; Eclles,
1999; Kathleen, 1996; Cebi¢, 2000).

In the teaching of mathematics, it is necessary for students
to become active participants in the teaching process who inde-
pendently, with some help from the teacher, adopt mathematical
content. According to Prvanovi¢ (1970: 83), the organization of
mathematics teaching, as well as the entire work in mathemat-
ics education, takes place in the sign of independent formation
of mathematical concepts, independent problem solving, inde-
pendent finding of rules, discovery of facts and laws in the sign of
permanent creative work of students. In line with this statement,
some authors (Azuka, 2013; Dumma, 2009) consider learning
based on the experiences of students and teachers to be an impor-
tant determinant in active learning of mathematics, which they call
experiential learning. These authors also believe that the mathe-
matics teacher should abandon the verbal way of teaching the cur-
riculum and accept a method based on student activities. In such
forms of learning, according to the mentioned authors, it is neces-
sary for teachers to understand their students and to understand
their needs, as well as the problems they encounter in mastering
mathematical requirements. Such an approach will ensure better
cooperation between teachers and students, students will be mo-
tivated to learn mathematical content, which will be reflected in
achieving a higher level of success in teaching mathematics. One
of the basic tasks set before mathematics teachers is the creation
of such teaching situations in which students will adopt teaching
contents, form mathematical concepts and develop mathematical
thinking through their own activity. The role of the teacher in this
process is not reduced to “teaching” mathematical content, but
rather implies guiding or helping students to learn mathematical

content and solve tasks and problems in this subject.

For successful organization and quality realization of math-
ematics teaching, it is necessary to respect the stated specifics,
which requires teachers to fully realize their professional role in
all areas of teaching. The mathematics teacher should know math-
ematical contents to a greater extent than provided by the pro-
gram, to carefully plan and prepare mathematics lessons, to know
all his students well (intellectual abilities of students and the emo-

tional side of their personality), as well as possible problems with
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which the student encounter this not only in mastering mathemati-
cal content, but in general. Therefore, the teacher should adapt the
teaching of mathematics to the needs and interests of students,
to achieve quality communication and interaction with students,
to enable each student to feel satisfaction in progress in learning
mathematical content, as well as to students develops a love, not a
fear of mathematics. Also, the teacher should be motivated, creative
and persistent in his work, because without these characteristics
of the teacher it is almost impossible to ensure quality teaching of
mathematics, as well as a qualitatively higher level of student suc-

cess in this subject.

The role of teachers of mathematics in the field of organiza-
tion, planning, preparation and implementation of teaching
Itis generally accepted that a quality organization of any activity
enables its successful realization and achievement of efficient re-
sults, with minimal consumption of power, energy, time and other
important resources. Before a deeper consideration of the issue
and efficiency of the role of teachers in the organization of mathe-
matics teaching, it is necessary to explain more precisely the mean-
ing of the term “organization”. This term is complex, ambiguous
and used for various purposes. One of the most general definitions
of the term “organization” implies the merging of individual parts
into one whole, so that this whole is capable of life (Vujaklija, 1980:
639). This definition is close to the biological and mechanistic un-
derstanding, where the key determinant is the merging of certain
organs (parts) into one whole, organism or apparatus. In a closer
definition of the term “organization” it is necessary to pay attention

to the terms “organizer” and “organizing”.

From a sociological or social point of view, these terms contain
an “editorial” (creative) character and refer to someone who ac-
cording to a set plan edits, creates, arranges, shapes and formats
a certain environment, group, association and the like, in order
to achieve certain goals. Having in mind the presented concepts,
in this context we can talk about the organization as a specific,
planned social process in which individuals, as members of the
group, perform their intended roles. Based on Luman’s under-
standing (Luhmann, 1994: 190, according to: Pusié, 2005: 147), the
organization implies a social structure in which a certain number
of people establish mutual relations, in order to achieve the set
goals by different methods and using different means. In the pre-
sented understanding, the importance of using different methods
and tools that people use to achieve the planned pipes is noticed,
and Luman attaches special importance to communication as a ba-
sic means of communication between people. Sikavica and Novak
(1999: 33) view the “organization” in a similar way, according to

which it represents a conscious association of people whose goal
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is to fulfil certain tasks by appropriate means, with the least pos-
sible effort in any area of social life. Insight into the above concepts
can be seen two-sided meaning of the term “organization”. On one
hand, this term implies an integrated whole of different elements,
in which each of them has a certain meaning, while on the other
hand it represents the process in which certain purposeful activi-
ties are performed. It should be noted that when conceptually de-
fining an organization, it is necessary to equally respect the stated
meanings, because only such an approach can understand all its

characteristics and specifics.

When it comes to teaching as a process aimed at acquiring
knowledge and developing abilities and skills of students, the term
“organization” in the broadest sense means designing, preparing,
planning, implementation, or overall design, modeling and struc-
turing of all elements in a certain, systematized way, which would
enable the achievement of imagined or set goals. The organization
of the teaching process takes place on several levels in which many
different factors participate. In this regard, there are different un-
derstandings of the organization of teaching, so we can talk about
the macro-organization and micro-organization of teaching, the
organization of teaching in the form of curricula for different edu-
cational levels, the organization of teaching by type of school and
the like. From the point of view of this paper, Stevanovi¢’s under-
standing of the organization of teaching can be presented as one of
the relevant determinations. Namely, Stevanovi¢ (1998) believes
that the organization of teaching implies the activity of teachers
that takes place through three phases of teaching, namely: plan-
ning of teaching work, preparation for teaching and teaching. How-
ever, having in mind the fact that students also actively participate
in the teaching process, the organization of teaching should be
viewed in a broader context, so that it represents a joint activity
of teachers and students (participants) in planning, preparing and

implementing the teaching process.

Teaching activity is a complex process that takes place accord-
ing to certain laws, has its own course, movement and duration,
so the greatest responsibility within its design and implementa-
tion belongs to the teacher. Based on this, Vilotijevi¢ (2001) be-
lieves that only a teacher who has a thorough knowledge of all the
structural elements of the teaching process, as well as their mu-
tual functional relations and connections can successfully plan and

conduct classes.

When it comes to teaching in general, as well as teaching math-
ematics, quality organization provides systematic work, identi-
fies and eliminates certain shortcomings, increases student pro-
ductivity in achieving better results, which also gives the teacher

additional strength to work with students in school. Whether it is
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teachers who are at the beginning of their teaching career or teach-
ers with longer work experience in teaching, a good organization of
work in teaching mathematics in it largely determines the quality
of teaching, the end result of which is student success. Also, quality
organization of mathematics teaching, adequate planning, prepara-
tion and implementation of teaching activities are important from
the point of view of developing good communicative and interac-
tive relations between teachers and students, as well as from the
point of view of students’ active participation in teaching and de-

veloping their interests in learning mathematical content.

Planning, preparation and implementation of mathematics
When it comes to teaching planning, the pedagogical, i.e. didac-
tic and methodological literature most often mentions macro-level
planning (planning in relation to the entire mathematics educa-
tion, as well as teaching planning for the whole school year) and
micro-level teaching planning. teaching for each lesson or teaching
topic). From the point of view of this paper, the problem of planning
mathematics teaching is considered in the context of daily teaching
planning and includes all activities of teachers (and students) that
are performed before, during and after the implementation of the

lesson.

As shown in the earlier part of this paper, well-organized teach-
ing of mathematics is one of the basic conditions for the successful
realization of teaching goals and tasks. However, the organization
of teaching is a complex process in which teachers are faced with
different requirements that they need to meet. Well-organized
teaching, for example, implies active participation of students, a
high degree of motivation, quality communication and interaction
between teachers and students, working atmosphere, constant
evaluation of the organization and effects of teaching, application
of different teaching methods, individualization of teaching pro-
cess, use of modern educational technology. and similar (Spijunovié
and Marici¢, 2016: 150). All of the above should be taken into ac-
count by the teacher already in the planning and preparation phase
of teaching. Also, when preparing for a lesson, the teacher should
think about the students, about their intellectual abilities, as well as
about their ability to master mathematical content. When it comes
to mathematical content, the fact is that they are logically related,
but differ in their complexity and difficulty. Some of them are more
complex and difficult than others, so students need more cognitive
effort to understand them (Kurnik, 2009). In accordance with the
above, many authors believe that during the organization of math-
ematics teaching, the focus of their activities and work should be
focused on the preparation and planning of teaching and to devote
most of their attention and available time to this teaching area (Ivi¢,
Pesikan and Anti¢, 2001; gpijunovic’ and Marici¢, 2016; Schunk., et
al. 2008).
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The extent to which mathematics teaching will be well realized
largely depends on the preparation and planning, as well as on the
methodological design of each individual lesson, which implies
specific procedures of mathematics teachers in choosing teaching
methods, forms of teaching work, teaching aids, as well as from
their mutual integration and combination. In order for the math-
ematics teacher to prepare and methodically shape the teaching in
the best way, it is necessary to harmonize the total corpus of teach-
ing activities with the didactic-methodical bases of mathematics

teaching, such as teaching principles, types of classes and others.

Planning and preparation of mathematics classes in accor-
dance with the principles of teaching

The basic guidelines and ideas on the basis of which the teach-
ing, preparation and performance of mathematics are planned are
contained in the teaching (didactic/methodological) principles.
Teaching principles are determined in accordance with the needs
of social development, according to the goals and tasks of teach-
ing, as well as according to the characteristics of students and their
ability to acquire knowledge and develop adequate skills in teach-
ing. In addition to the theoretical, didactic principles have a prac-
tical significance, which is reflected in helping teachers to make
appropriate decisions about procedures during the planning and
implementation of teaching. However, regardless of their impor-
tance in teaching, there is still no clearly defined number of teach-
ing principles in the pedagogical literature [3]. The reasons for this
are numerous and can be traced to the non-uniformity of teach-
ing practice; in the developmental characteristics of the teaching
process; different understandings of didactics and methodologists
on the relationship between the legality of teaching, teaching prin-
ciples, teaching rules and the like. The impossibility of establishing
the exact number of teaching principles is conditioned by the fact
that some of them become obsolete, and in their place come new,
current principles of teaching. Also, often the realization of one di-
dactic principle fulfils the requirements of others, which indicates
their complexity, mutual conditioning and intertwining. Without
intending to analyze the problems of classification and the num-
ber of teaching principles, from the point of view of this paper it
is necessary to pay attention to the teaching principles that most
often occur in all previous classifications, and which are of great
importance in planning and implementing mathematics teaching.
Some of them are as follows: (1) the principle of scientific; (2) the
principle of moderation of teaching according to the age and abili-
ties of the student; (3) the principle of individualization; (4) the
principle of systematicity and gradualness; (5) the principle of ob-
vious teaching and (6) the principle of permanence of knowledge,
skills and habits.
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According to the principle of science, the process of organizing
mathematics teaching should be based on scientific knowledge,
which means, among other things, that the teacher should take into
account not only the scientific interpretation of teaching content,
but also its system-conceptual, organizational and operational
components (Spijunovic and Maricic, 2016: 96). In the conditions
of constant development of mathematics as a science, the number
of information, data and mathematical concepts increases, which
significantly affects the possibilities of their adequate presentation
in teaching. The effectiveness of the teaching approach is reflected
in the correct choice of scientific knowledge and finding ways for
students to adopt it. Respecting the principle of science, one of the
most important tasks of teaching mathematics is achieved, and that
is the development of a scientific view of the world, as well as the
development of mathematical (critical) thinking. Of course, as part
of training students to develop critical thinking and a scientific view
of the world, care should be taken to adapt mathematics teaching
to their abilities and capabilities. This involves, for example, pre-
senting mathematical concepts and content in ways that will en-
sure that all students have a full understanding and adoption, not
just a few. Almost all mathematical contents, regardless of their
abstractness, have certain characteristics that are understandable
to all students, and it is up to the teacher to find them and explain
to students in appropriate ways their essence or their relationship
to the scientific concept to be adopted. The principle of science im-
plies, also, the need to connect mathematical contents, i.e. the need
to learn new mathematical contents on previously acquired and
developed mathematical knowledge, which would serve as a basis
for the adoption of more demanding mathematical contents. So, in
addition to the requirement that mathematics teaching be based
on According to scientific knowledge, teachers are expected to be
patient in working with students and not to move on to processing
new content if students have not met the previous requirements.
The presented expectations from teachers speak in favor of the fact
that teaching principles are intertwined and that it is almost im-
possible to separate them, i.e. to ignore some of them. Students can
be trained for mathematical thinking and scientific (mathematical)
view of the world, which is a basic requirement of the principle
of science, provided that the mathematics teacher already in the
process of planning and preparing for teaching, as well as during
the implementation of teaching equally respects all teaching prin-

ciples. it guides students through the teaching process.

In addition to the principle of science, in the teaching of math-
ematics it is necessary to adhere to the principle of moderation of
teaching according to the age possibilities and abilities of students.

By accepting this didactic principle, opportunities are created for
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the teaching of mathematics to be in the function of optimal en-
gagement and intensive development of the personality of each
student (Spijunovié¢, 2007). The principle of moderation is closely
related to determining the degree of difficulty of mathematical
tasks. Namely, the respect of this teaching principle excludes the
possibility that students are given too easy or too difficult math-
ematical tasks. Too easy tasks can give students the wrong impres-
sion that mathematics is easy to learn or even uninteresting, which
can reduce their interest and motivation to learn mathematical
content, as well as reduce their level of active participation in the
overall process of learning mathematics. This approach can espe-
cially hurt better students, because too easy tasks do not cause
them to invest cognitive effort, do not encourage them to think,
which in turn causes a decrease in concentration, lack of interest

and boredom.

Frequent and long-term assignment of such tasks can cause
students to give up learning and achieve poorer results in their
achievement. When it comes to too difficult tasks, the situation is
similar for all students, especially for those who have problems in
acquiring teaching content and solving tasks in teaching mathe-
matics. Too difficult tasks and requirements in mathematics teach-
ing give students the impression that they are not able to master
the given tasks, which can cause various consequences. The most
common consequences are less successful, however, they can be
more significant, so that they can cause students some form of
anxiety (Schwartz, 2000) or fear of mathematics, which can re-
sult in their complete absence from participation in mathematics
teaching, as well as absence learning other teaching contents and
subjects (Frenzel., et al. 2007). Mathematics is a difficult subject,
however, in teaching appropriate to students and their abilities, it
can be learned and mastered with the investment of an optimal
level of cognitive effort (Kurnik, 2009). Of course, the cognitive
effort mentioned by Kurnik should not be understood as strain-
ing and straining the mind, but as an important factor in achiev-
ing and developing students’ ability to learn mathematical tasks
and content. The principle of moderation of teaching implies such
planning of teaching requirements that will for a certain degree
be above the current abilities of students. This idea, with which
Vygotsky greatly contributed to the development of pedagogical
psychology, as well as didactics, should be guided by mathematics

teachers, already during the planning and preparation of classes.

Insight into the characteristics of the principle of moderation
of teaching according to the possibilities of students can show
the interconnectedness of all teaching principles, which was dis-
cussed in the earlier part of the text, as well as the importance of
each of them individually. Thus, for example, the previous teach-

ing principle is followed by the principle of individualization, the
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respect of which is necessary for the implementation of quality
teaching, when it comes to mathematics education. The fact is that
in one class (class) there are students of approximately the same
age. However, they differ significantly from each other. Each of the
students has his own characteristics and traits. Thus, for example,
some students achieve better learning success while others are
weaker, some come from families in which better learning condi-
tions are provided compared to others. In addition, students differ
in character traits, as well as temperament, some are more extro-
verted and active in teaching, their activities and issues require the
attention of teachers, while others are introverted and withdrawn,
and in situations where they possess certain knowledge avoid
avoiding. Also, some students are able to quickly acquire certain
knowledge in the field of mathematics, while others need more
time, some students find teaching mathematics interesting and in-
teresting, while others have developed affinities for other subjects

or extracurricular activities.

Differences in the individual characteristics of students require
teachers to fully respect the principle of individualization in teach-
ing when planning teaching work and to determine the types and
difficulty of teaching tasks according to each individual student.
This is by no means an easy task and requires teachers to invest
a lot of time, effort and perseverance in the organization and im-
plementation of the teaching process. It is necessary to adjust the
teaching tasks and problems to enable each individual student and
each of them to feel satisfied when solving mathematical problems.
In addition, this principle implies planning a teacher’s approach
to each student, because the teacher is not only the organizer and
manager of the teaching process, but also a counselor, associate,
one who helps, who understands students and their problems. In
situations when teachers meet the mentioned requirements, stu-
dents become more active, independent, with a higher degree of
self-confidence and more ready to take the initiative in their work.
In order to achieve this, it is necessary to achieve a certain degree
of freedom in mathematics teaching in terms of encouraging active
learning, enabling students to participate in the selection of teach-
ing content and tasks and achieving good communication and qual-
ity interaction in teaching. mutual respect and cooperation of all

students in the class.

During the planning and implementation of teaching work
based on respect for the importance of the previous three prin-
ciples, teachers should not lose sight of the importance of the
principles of gradual and systematic teaching. The significance of
this teaching principle is reflected in the understanding that the
teaching process of mathematics is understood as a process of su-

perstructure (Schwartz, 2000), in which each subsequent step in
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learning is conditioned by mastering the previous one. The idea of
gradualness and systematicity in teaching was first pointed out by
Comenius, and later developed by Herbart, Disterweg, Usinski and
others. In this didactic principle, there are two requirements that
need to be met (gradual and systematic), which most often occur
in a single form. Graduality in teaching implies the adoption of first
elementary, basic content, and then more complex and demanding.
When it comes to systematicity, it implies the inductive adoption
of mathematical content, systematically and gradually, taking into
account the level and quality of previously acquired knowledge.
The principle of gradualness and systematicity is present in the
entire process of teaching mathematics, requiring that all teaching
contents, teaching methods, forms of work, as well as the use of
teaching aids be logically connected and systematized into an ap-

propriate unit, adapted to teaching conditions.

In addition to the above, the principle of obviousness occupies
a significant place already during the planning, as well as in the
realization of mathematics teaching. This teaching principle is
based on sensory perception, the importance of which was first
pointed out by Aristotle, and later by Comenius, Piaget, and oth-
ers. The basic meaning of the principle of obviousness in math-
ematics teaching is reflected in the fact that abstract mathematical
concepts are brought closer to students and thus facilitate their
understanding and adoption. Respect for the principle of obvious-
ness is especially important for younger students. In the early age
period, students most easily acquire mathematical concepts with
the help of concrete examples, as well as with the use of adequate
teaching aids and materials. However, when it comes to older stu-
dents of primary school, the principle of obviousness should not
be understood only in terms of the organization of teaching based
on the immediate senses, but its importance should be viewed in
a broader context. Teaching based on sensory knowledge certainly
has its advantages, when it is possible to use adequate teaching
aids, pictures, objects, films and the like. In situations where this
is not possible or when it comes to concepts that are practically
impossible to adopt with concrete examples, the participation of
the principle of obviousness implies the organization of teaching
based on previous experiences of students. In accordance with the
above, Bakovljev (1966: 463) points out that teaching can be obvi-
ous even without obvious teaching aids, while on the other hand it
does not have to be obvious even with the help of a large number
of such means. Thus, the quality of teaching depends on whether
the process of acquiring knowledge is based on previously ac-
quired experience of students, regardless of whether their experi-
ence is gained through direct participation in certain situations or

through the teacher’s explanations.
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It should be noted that the principle of obviousness cannot and
must not be an end in itself, because teaching conceived in this way
would lose its meaning. Teaching mathematics should develop stu-
dents’ knowledge and skills that will have use value. This means
that based on the acquired knowledge, students will be able to
solve various tasks and problems, not only in the teaching of math-
ematics but also beyond. At the same time, the acquired knowledge
and abilities of students in mathematics should be a good basis for
acquiring new knowledge, as well as developing critical or math-
ematical thinking. Without teaching based on the principle of ob-
viousness in its broadest sense, these tasks are difficult to accom-

plish.

Respecting the presented teaching principles within the prepa-
ration and implementation of mathematics teaching enables the re-
alization of other important requirements. These are requirements
contained in the principle of permanence of acquired knowledge,
skills and habits. The essence of this teaching principle is that the
acquired knowledge and ability of students to solve mathematical
problems should become their permanent property or even fea-
tures, so that the acquired knowledge can be used and applied by
students in different teaching and life situations. The permanence
of students’ knowledge, skills and habits in teaching mathematics
are conditioned by the ways in which they are acquired and de-
termined. If the process of learning in mathematics teaching is
based on the principle of science, if the teaching contents are sys-
tematically and gradually classified according to individual abilities
of students, if students actively participated in that process, if they
understood teaching material and if teaching is continuously based
on continuous connection of previous teaching. content with new,
then certainly the acquired knowledge of students, as well as their
ability to solve mathematical problems and problems will certainly

be more permanent.

Based on the presented principles of teaching, it can be conclud-
ed that the planning and preparation of mathematics teaching is
one of the most important areas of teaching. Mathematics teachers
are faced with a large number of requirements, the implementation
of which is by no means simple. In order to be efficient in teaching,
i.e. to improve the quality of teaching and contribute to achieving
a higher level of student success, teachers should plan classes and
implement planned activities in accordance with the above teach-
ing principles. In doing so, account should be taken of their inter-
twining, i.e. conditionality, and it is not recommended to neglect
any of the presented didactic principles. Also, it should be empha-
sized that the presented classification of teaching principles does

not represent their hierarchy, because the hierarchical classifica-
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tion, when it comes to teaching principles, is neither possible nor
necessary to establish. Each teaching principle has its own mean-
ing and none of them can be subordinated or superior to another.
Also, it should be emphasized that their importance needs to be
seen in a broader context, as well as that it is necessary to take into

account the didactic principles that are not elaborated in this brief.

Thus, it can be concluded that well-planned and prepared
teaching of mathematics largely depends on the fact that teach-
ers adhere to the requirements and recommendations presented
in the didactic principles, and that it is necessary to observe the
presented principles in their harmonious unity. Such an approach
will enable a quality organization of mathematics teaching, in
which students will achieve a higher level of success in learning
and together with their teachers will be satisfied with the results

achieved in mastering mathematical content.

Planning and preparation of mathematics teaching harmo-
nized according to the types of classes

One of the conditions for achieving a quality teaching process in
the field of mathematics is the planning of teaching in accordance
with the types, i.e. types of classes. Classes are the basic form of
organization of school work in which educational, upbringing
and practical goals of teaching are achieved. There are a number
of different criteria in the didactic literature, according to which
the types of classes are determined, of which the goal of the class,
teaching materials, teaching methods and teaching tasks are most
often singled out (Vilotijevi¢, 1999; Dasi¢, 2008; Kurnik, 2007). Itis
not uncommon for authors to view the typology of lessons, because
such an orientation of teaching shapes and patterns the work of
teachers, thus limiting their freedom and creativity in teaching (ac-
cording to: Kurnik, 2007: 99). However, the need to classify classes
is useful precisely because of the fact that teaching is a planned
and organized process, and that too much freedom in designing
and planning classes could cause more negative than positive ef-
fects. Some authors believe that the classification of classes is nec-
essary precisely to allow multiple choices in the planning and or-
ganization of classes, which acts as a counterbalance to the effort
to create a universal recipe, according to which each class would
be organized, while others believe that the classification of classes
increases opportunities for improving teaching work, as well as
opportunities for the development of mathematics teaching meth-
odology (Kurnik, 2007; Prodanovi¢ and Nickovi¢, 1998; Vilotijevic,
1999). According to the most commonly used classification, in
the didactic and methodological literature, the following types of
mathematics classes can be distinguished: (1) class of processing
new teaching material; (2) the time of determining the teaching

material and (3) the time of checking the learned material.
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The processing time of new teaching material in mathematics
is important because the overall quality of teaching, as well as the
success of students, largely depends on the way it is organized and
implemented. In this class, the most attention and time is devoted
to introducing students to new mathematical concepts, contents,
rules and the like (Da$i¢, 2008; Kadum, 2007; Spijunovi¢ and
Marici¢, 2016). In order to achieve the goals and tasks of teaching
mathematics, in the classes of processing new teaching materials,
it is necessary to carefully choose the teaching content, determine
the optimal scope and depth of their processing, choose methods,
forms and means of teaching that will make it easier for students
adoption of teaching contents and achieving better learning out-
comes. The class of processing new teaching material is not isolat-
ed from other classes, which can be seen in its structure. Namely, it
consists of several different stages, which, in addition to processing
new content, also include the stage of repeating previous content,
as well as the phase of determining and checking what has been
learned. The repetition of previous contents represents the intro-
ductory phase in the processing of new teaching material, in which
the psychological preparation of students for work is established
and their thinking is activated, as well as participation in teaching
(Kadum, 2008; Kurnik, 2007). On the other hand, the determina-
tion phase involves checking the degree of adoption of the teaching
material, in terms of obtaining feedback from students on the suc-

cess of the implementation of the lesson.

When it comes to the lessons of determining the teaching ma-
terial in the teaching of mathematics, their basic function is con-
tained in one of the teaching principles, namely the principle of
permanence of acquired knowledge, skills and habits. Determining
the teaching material is usually achieved in two ways, by repeti-
tion and practice. It should be emphasized that these classes are
not a typical repetition of teaching materials, which would reduce
the activities of students to the reproduction of previously learned
and memorized teaching content and mathematical tasks. The es-
sence of repetition is that on the basis of previously learned math-
ematical contents, new teaching situations and tasks are created in
which, by noticing certain connections and relationships between
them, students will look for ways to solve them. Thus conceived
lessons of repetition of teaching material, in addition to develop-
ing new approaches in solving mathematical tasks, encourage the
degree of motivation to learn mathematical content and enable bet-
ter development of critical (mathematical) thinking (Kieren, 2004;
Schwartz, 2000). Therefore, some authors (Spijunovié and Mari¢ic,
2016; Wigfield and Eccles, 1992) recommend that during the de-
termination of mathematics teaching material, the focus of teach-
ing should be on the individual abilities and interests of students,

taking into account that the number of completed tasks per hour
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is not so important, how important it is to point out the existence
of different ways in which it is possible to solve even one and the
same task. Repetition and practice in mathematics classes play
a significant role, so according to some classifications there are
special types of classes in which these two activities are predomi-
nantly represented (Prodanovi¢ and Ni¢kovié, 1988; Spijunovié
and Marici¢, 2016). However, even in such classes the emphasis is
placed on wider complexes of teaching contents, so that they are
most often organized, for example, after mastering several teach-

ing units within one teaching topic.

The lesson of checking the learned material in mathematics
teaching also occupies a significant place. Although the testing of
students’ knowledge is carried out continuously in each lesson of
mathematics, there is a justified need for the organization of spe-
cial classes, in which the acquired knowledge of students will be
more fully and deeply tested. Namely, one of the goals of checking
the acquired knowledge of students in mathematics teaching is to
determine the quality of organization, i.e. realization of teaching,
on the basis of which further planning and design of joint work
and activities of teachers and students is carried out. In addition,
the knowledge test enables the ranking of students according to
the degree of success in teaching mathematics. This ranking is also
necessary in the further planning and implementation of teaching
because it helps the organization of differentiated teaching, indi-
vidualized teaching, as well as the selection of teaching methods
and forms of teaching, all aimed at achieving a qualitatively higher

level of student success in mathematics.

Insight into the presented typology of classes, in addition to the
basic characteristics on the basis of which the mentioned classes
differ, their interconnection can be noticed, but also the complexity
of the teaching role. It is noticeable that all classes, in addition to
the dominant didactic functions presented in their names, contain
certain elements of other classes. Thus, for example, in the classes
of processing new teaching materials, activities such as repeat-
ing previous teaching contents, i.e. determining teaching materi-
als, occupy a significant place. Thus, no class is based on only one
teaching activity, regardless of whether it is about determining the
previous or processing new teaching material. Therefore, all class-
es can be considered to be combined. Although the didactic and
methodological literature does not mention the combined class as
a special type of class, it is understood that there are no completely
“pure” classes, based on only one didactic function. It is necessary
to use the elements of all presented classes in each class (as many
different conditions allow) because in such circumstances not only
the activity of students increases, but also the activity of teachers,

as well as the quality of teaching. With such an approach in the
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work, teachers encourage students to think, to learn earlier con-
tent, to present their ways and procedures in solving mathematical
problems, to discuss certain problems, to present their ideas and
the like. At the same time, teachers have an insight into students’
activities, how far they have progressed in learning, what difficul-
ties students encounter while learning mathematical content and
more, which certainly contributes to better teaching of mathemat-
ics and achieving better student results. In addition to the intercon-
nectedness and conditionality of classes, the presented typology
also shows the requirements of the previously discussed didactic
principles, which also speaks in favor of the complexity of teaching.
In accordance with the requirements of didactic principles, didactic
functions of classes, characteristics and abilities of students, teach-
ers should further plan, methodically design and implement their

classes in mathematics teaching [4-21].

Conclusion

In this paper, it is pointed out that the role of teachers, in the
context of achieving quality teaching and a higher level of student
success, is a significant area of scientific research. However, when it
comes to research on the role of mathematics teachers, in the older
grades of primary school, the fact is that there is significantly less
research work. The accelerated development of science, technology
and engineering has influenced the attention of scientists and ex-
perts in various fields to the importance of mathematics education
in developed countries. Consequently, a large number of scientific
papers have been observed in foreign literature in which problems
in learning mathematics are investigated in different ways. This re-
search is often focused on specific, individual teacher actions, such
as: teaching organization; student participation in planning teach-
ing activities; ways of presenting teaching materials; encouraging
motivation through different actions of teachers; difficulties in
motivating certain students; student motivation by applying math-
ematics quizzes; communication in mathematics teaching; math-
ematical anxiety; group form of teaching work in mathematics;
discursive teaching in mathematics; connection of competitions in
mathematics with the development of quality interactive relation-
ships; use of computers and the Internet in teaching mathematics
and the like. The presented examples indicate the need for a deep-
er study of problems in learning mathematics. In our country, for
example, there is still no significant research on problems in the
organization and implementation of mathematics teaching in the
older grades of primary school. There are several papers in which
the role of teachers, their importance in teaching, as well as prob-
lems in teaching are explored in a broader context, without a more
specific focus on teaching mathematics, or problems in teaching
mathematics to older students in primary school. Having in mind

the obtained research results, as well as the importance of learning
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mathematical contents, there is a need for more active, continuous
and complete research of problems in the teaching of mathematics

among older school students.

When it comes to teachers whose students achieve a lower
level of success in this subject, it is necessary to emphasize the fol-
lowing: for example, it can be noticed that these teachers still pay
significant attention to the presentation of teaching materials, in
the sense that the teacher explains while students listen and they
write. Also, these teachers have different motivational procedures
and quality communicative relations between teachers and stu-
dents, but not to the extent that is the case with teachers whose
students achieve a higher level of achievement in mathematics.
In this regard, it should be emphasized that the previously pre-
sented recommendations can help these teachers to significantly
improve the quality of their teaching work and cooperation with
students, which will certainly be reflected in a higher level of stu-
dent achievement. Teachers need to understand the essence and
importance of social and educational changes and to direct their
activities in a direction that will significantly increase student par-
ticipation in the teaching process. Teachers are not only expected
to adapt to changes in education, but to become the bearers of
these changes, which means better organization of teaching work,
a higher degree of creativity in teaching and a better interactive

relationship with students.

It can be concluded that most of their procedures in mathemat-
ics teaching are directed by teachers towards external motiva-
tional incentives, while activities aimed at developing students’
interests are realized by a smaller number of teachers. Therefore,
attention should be paid to the results presented in this research,
and it can be seen that a higher level of success in mathematics is
achieved by those students whose teachers, in addition to external
incentives, often organize activities that stimulate students’ inter-

est in mathematics.
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