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PREFACE

The book documents and promotes the experiences of educators and is aimed at making
headway on the problem of improving the quality of mathematical education in the context of
competency-based approach. Tertiary and high school mathematical education should meet
the expectations of the domestic stakeholders and answer the world standards. However,
there is some controversy between the modern requirements of the society and the existing
level of mathematical training. Besides, the current status of math training in Ukraine and
other countries should be strengthened. And this determines the relevance of the research.

Meeting the fundamental challenge of improving the quality of mathematical education of
pupils and students on the basis of studying and implementing the best European
developments is possible under the conditions of solving a number of research tasks in
such concenters:

e Learning Mathematics at Secondary & Vocational Schools (Chapter 1);
» Mathematical Training at the University (Chapter 2);
» Math Teacher Training in graduate and postgraduate education (Chapter 3).

Chapter 1 of the monograph focuses on : the master plan of a model mathematics curriculum
for grades 5-6 of a New Ukrainian School; the methodology of incorporating didactical
mapping into integrated approach; the content and learning specifications of finance and tax
word problems in teaching mathematics at high school.

Chapter 2 of the monograph considers: the analysis of the pedagogical methods used in
the educational process in technical universities; the realization of the applied orientation in
teaching and learning higher mathematics in technical universities; integrated teaching of
higher mathematics in technical universities.

Chapter 3 of the monograph brings to light: the problems of employing teacher moments as
tools for fostering mathematic education students’ teacher knowledge in geometry; the
problems of incorporating the study of mathematics and a foreign language (MLIL) in math
teacher’s education and devising appropriate instructional materials.

It should be mentioned that the papers presented in the monograph do not exhaust all
aspects of the problem. We hope to continue the discussion as its information field is
extremely broad. We believe that every outcome of the studies (both — theoretical and
experimental) allows of improving the training of specialists in math education and gradually
raising the quality of math education to the society’s today’s demands.
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The monograph is published with the support of the Society for Cultural and Scientific
Progress in Central and Eastern Europe, Budapest, 2021
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Master plan of a model mathematics curriculum
(grades 5-6 of a new ukrainian school)

Svitlana Skvortsova, Nina Tarasenkova

Introduction

The reform of Ukraine's education system is conditioned by the state's European
integration progress, efforts to adhere the world norms and rules of organization of the
educational process and implement the best practices, including standardization of
education in each of its links.

The current reform of general secondary education was launched in Ukraine in
2016. During this time, the Conceptual Principles for the Reform of Secondary
Education “New Ukrainian School”* (2016), the Political Proposal for the Reform of
General Secondary Education “New Ukrainian School”® (2016) were approved, the
Laws of Ukraine “On Education”® (2017), “On Complete General Secondary
Education™ (2020), Professional Standard for Teachers® (2020), the State Standard for
Primary Education® (2018), the State Standard of Basic Secondary Education’ (2020)
were adopted.

In 2016, the implementation of the Concept of the New Ukrainian School in
Primary Education began, and in 2021 the Concept is being implemented in basic
secondary education. After the competitive selection and approval of model curricula,
including mathematics curriculum for grades 5-6° (2021), the All-Ukrainian innovative
educational project "Development and implementation of educational and
methodological support for general secondary education in the context of the State
Standard of Basic Secondary Education"® (2021) was launched. Within its framework,
a new educational content of basic secondary education is being developed,
particularly in mathematics.

! The Concept of the New Ukrainian School. (2016) : Retrieved from: http://mon.gov.ua/activity/ education/zagalna-
serednya/ ua-sch-2016/ konczepcziya.html [In Ukr.].

2 Order of the Cabinet of Ministers of Ukraine of 14.12.2016 Ne 988-r "On approval of the Concept of limplementation of
State Policy in the Field of Reforming General Secondary Education “New Ukrainian School” for the period up to 2029".
(2016): Retrieved from: https://zakon.rada.gov.ua/laws/show/988-2016-%D1%80#Text [In Ukr.].

® Law of Ukraine “On Education”. (2017): Retrieved from: https://zakon.rada.gov.ua/laws/show/2145-19#Text [In Ukr.].

* Law of Ukraine “On Complete General Secondary Education”. (2020) : Retrieved from:
https://zakon.rada.gov.ua/laws/show/463-20#Text [In Ukr.].

® Professional standards by professions "Primary school teacher of general secondary education”, "Teacher of general
secondary education”, "Primary education teacher (with a diploma of junior specialist)".(2020) : Retrieved from:
https://zakon.rada.gov.ua/rada/show/v2736915-20#Text [In Ukr.].

® State Standard for Primary Education. (2018) : Retrieved from: https://zakon.rada.gov.ua/laws/show/87-2018-
%D0%BF#Text [In Ukr.].

7 State Standard of Basic Secondary Education. (2020) : Retrieved from: https://zakon.rada.gov.ua/laws/show/898-
2020-%D0%BF#Text [In Ukr.].

8Order of the Ministry of Education and Science of 12.07.2021 Ne795. (2021): Retrieved from:
https://imzo.gov.ua/osvita/nush/vseukrains-kyy-eksperyment-nush-5-9-kl/ [In Ukr.].

% All-Ukrainian Experiment “New Ukrainian School”, grades 5 — 9 (2021) : Retrieved from:
https://imzo.gov.ua/osvita/nush/vseukrains-kyy-eksperyment-nush-5-9-kl/ [In Ukr.].
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This paper presents the author's vision of the conceptual foundations of the
mathematics course for the adaptive cycle of basic secondary education (grades 5-6),
its content, structure and features of deployment based on the author's
model curriculum®®.

Argument

The mathematics course of the first cycle of basic secondary education is an important
component of teaching, development and upbringing of students in the 5th-6th grades,
which is a logical continuation and development of the mathematics course of primary
education and the basis for teaching mathematics in the second cycle of basic
secondary education.

Within the system of lifelong education this course is based on the content and
compulsory / expected results of the mathematical education field of the State
Standard of Primary Education and the Standard Educational Programs for Primary
School.

The model curriculum is developed on the basis of the State Standard of Basic
Secondary Education (further - SS) and the Standard educational program (further —
SEP) general secondary education institutions(grades 5-9) and is aimed at achieving
the goal of mathematics education, namely — at the development of the student's
personality through the formation of mathematical competence in relation to other key
competencies for successful educational and further professional activity,
which implies:

» mastering the system of knowledge,

» improving the ability to solve mathematical and practical problems;
« developing logical thinking and mental properties;

« understanding the use of mathematics in private and public life.

Teaching mathematics in the first cycle of elementary school performs a number of
important tasks of individual development, including:

* building the ability to explore challenging situations and identify problems that
can be solved using mathematical methods;

» modeling processes and situations, developing strategies and action plans for
solving problems;

» critical evaluation of problem-solving processes and results;

« developing mathematical thinking for cognition and transformation of reality and
mastering the language of math.

Teaching mathematics in grades 5-6 ensures the formation and development of
students' key competencies (Appendix 7 to the SS) and their common cross-cutting
skills. It is obvious that this process occurs in the course of mastering the content and

A model curriculum “Mathematics. Grades 5-6” for institutions of general secondary education (Authors — S.
Skvortsova, N. Tarasenkova). (2021) : Retrieved from: https://drive.google.com/file/d/1ykOgcS20iQbBx X AfxFoW-
SxykuwZMIFm/view
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achieving the expected learning outcomes, determined by the model curriculum, by
means of training assignments offered in the textbooks created on the basis
of this program.

The author's program is built on the scientific principles, principles of consistency,
systematicity, accessibility, the connection between learning and life, integrativeness
and continuity in teaching mathematics in primary school and in the first cycle of basic
school, prospects — focus of the content and the results to be got at the first cycle of
basic education, on mastering mathematics in the second cycle of basic school.

The principles of scientificity, systematicity and consistency are realized through
the definition of the content of education — mathematical concepts, facts, methods of
activity, which are consistent with conceptual framework and terminology commonly
used in mathematical science. The logic of presenting mathematical content unfolds
from simple to complex and provides at each subsequent stage of learning an increase
in student competence by expanding the set of numbers (natural numbers with zero,
common fractions with the same denominators, decimal fractions, and rational
numbers) and transfer and reconstruction of known mathematical concepts, facts,
properties, and methods of action in new environments. Equally important for the
development of mathematical competence of the student is the gradual transition to a
higher level of abstractness of content, forms of its fixation and methods of processing,
which corresponds to natural changes in the intellectual sphere of students of this age,
including the transition from visual to abstract thinking. The program provides for the
generalization and systematization of what was learned at the previous stage of
learning and reviewing of what has been learned at the end of the current school year,
this ensures that learners' knowledge, abilities, and skills are integrated into the
system. Connection with life and integration with other educational areas is carried out
as a result of the inclusion of the following issues important for the life of a modern
person in the content of education: analysis of data from schemes, tables, diagrams, the
concept of arithmetic mean, percentage calculations, and mathematical modeling. The
program pays sufficient attention to the formation of students' computing skills (which
are classified by the European Community as key competencies of the XXI century).

The mathematics course of the first cycle of basic education is integrated in its
structure and includes the arithmetic of non-negative integers / common fractions /
decimal fractions / rational numbers, as well as algebraic and geometric propaedeutics,
functional propaedeutics, and data analysis. In this regard, the following cross-lines are
specified in the model program:

1. Numerical systems.

2. Propaedeutics of studying functions.

3. Expressions, equality and inequality.

4. Mathematical modeling.

5. Geometric shapes. Geometric quantities.
6. Data analysis.

Since the issues of numbering and arithmetic operations with numbers and quantities

are a priority in grades 5-6, the content line "Numerical Systems" is system-forming.
The formation of the concept of number is based on the experience (gained in primary

10
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school) of applying the knowledge of numbering within a million, computational skills
of arithmetic operations of addition, subtraction, multiplication and division with non-
negative integers (oral and written techniques); on the understanding of a common
fraction as one or more equal parts of a whole. In primary school, the concept of
number was introduced as a quantitative characteristic of equivalent sets and as a
result of measuring the value, so the main quantities (length, mass, capacity, and time)
were considered in close connection with the formation of the concept of number, the
study of arithmetic operations with numbers. This created a propaedeutic basis for
building models of the world around us and realized the connection of mathematics
with other sciences.

The purpose of the content line "Numerical systems" is the formation and
development of students' concept of number (natural number, number zero, and
fraction (with the same and different denominators, decimal), integer (positive,
negative), rational), the development of the concept of basic quantities, and the
formation of computational skills, including computational skills for actions with
named numbers. This line expands the possibilities for performing arithmetic
operations not only in individual numerical sets, but also through the introduction of
the action of exponentiation; it contains issues of numbering (oral and written),
comparison of numbers; arithmetic operations with numbers; basic quantities - length,
mass, time, and arithmetic operations with named numbers; percentages and
proportions, which provides a block of basic knowledge "Numbers and expressions”,
which is put in Annex 7 to the SS.

Expansion of the set of numbers ranges from the study of non-negative integers
(natural numbers and zero) in the 5th grade, common and decimal fractions in grades
5-6, to integers (positive and negative) and rational numbers in 6th grade. Within each
numerical set, students perform arithmetic operations of addition, subtraction,
multiplication and division, exponentiation (square and cube). In the 5th grade the
arithmetic operations of addition, subtraction, multiplication and division with non-
negative integers and decimal fractions, addition and subtraction of common fractions
with the same denominators are studied. Grade 6 studies the addition and subtraction
of common fractions with different denominators, the multiplication and division of
common fractions, as well as the addition and subtraction, multiplication and division
of integers, which is further generalized to rational numbers. It should be noted that for
the 5th grade students a new action is the rounding of natural numbers and decimal
fractions to a certain level, which is the basis for further study of approximate
calculations.

In the 5th grade, having the primary school experience of understanding a common
fraction as one or several equal parts of a whole, experience of comparison fractions
with the same denominators, and the experience of finding a fraction of a number and
a number after its fraction, students are brought to the highest level of generalization
and gain an understanding of the common fraction as a fraction of two natural
numbers. A new educational content for fifth-graders is the concept of decimal
fraction, comparison of decimal fractions, and arithmetic operations with decimal
fractions. At the same time, the rules for comparing common fractions with the same
denominators, the rules for finding the fraction of a number and the number by its
fraction remain in the form in which they were introduced in primary school. Only in

11
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the 6th grade, after learning multiplication and division by a fraction, the rules of
finding a fraction from a number and a number by its fraction find their development.

In the 5th grade, percentages are introduced and students find the percentage of a
number and the number by its percentage based on the rules of finding the fraction of
the number and the number by its fraction. In the 6th grade, taking into account the
generalized rules of finding a fraction of a number and a number by its fraction,
finding the percentage of a number and a number by its percentage acquires a new
meaning and percentage calculations are considered. The introduction of relationships
and proportions in 6th grade not only expands the range of mathematical concepts, but
also opens up new opportunities for students to learn new ways to solve problems that
arise in the environment, through mathematics.

The content line "Numerical systems" is aimed at the formation of such students’
skills as(Appendix 8 to the SS): distinguishing and differentiating among those
problem situations that are solved by mathematical methods; analyzing data,
describing the relationships, presenting data in various forms; determining what
exactly may be the result of solving the problem situation; selecting, arranging,
recording, converting audio, text, graphic information of mathematical content, in
particular — in the digital environment; using mathematical concepts, facts and the
suggested  sequence of actions to solve problem situations; knowledge of
mathematical terms and symbols and applying them properly; performing operations
with mathematical objects and using various forms of information presentation; using
the necessary accessories and ICT; formulating and reflecting in a user-friendly form
the results of solving the problem situation, in particular with the use of ICT;
presenting the results of solving the problem situation; evaluating different ways of
solving a problem situation; connecting different elements of mathematical knowledge
and skills, drawing conclusions, supporting the opinion with arguments; expressing
ideas meaningfully, accurately, and concisely.

In the process of studying numbering the number is correlated with a pointt that is
marked on a number ray (5th grade) or coordinate line (6th grade), then the location of
the point on the plane is characterized by two coordinates, and it is depicted on the
coordinate plane (6th grade). Knowledge of the arithmetic operations of multiplication
and division, exponentiation is used in the study of processes and situations that take
place around us, when creating their mathematical models. Students apply knowledge
about groups of interrelated quantities and write these dependencies in the form of a
formula, fill in the tables (grade 5). Then, among the dependencies between the
quantities, direct and inverse proportional dependencies are singled out, and students
learn to build a dependency graph (6th grade). Thus, the content line "Propaedeutics of
studying functions™ is actualized, the purpose of this line is to prepare students of 5-6
grades for studying the course of mathematics in the second cycle of basic school. This
content line implements the basic knowledge block "Functions” of Annex 7 to the SS
and is based on that experience of primary school graduates that embraces
understanding the dependence of the result of arithmetic operation on the change of
one of the components, to recognize situations that can be described by groups of
interrelated quantities: mass of one object, quantity of objects, total mass; length of
one, quantity, total length; capacity of one container, number of containers, total
capacity; price, quantity, cost; labor productivity, working time, total output; speed,

12
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time of movement, distance traveled - and knowledge of the relationships between the
quantities of one group and understanding the dependence of the change of one
quantity on the change of another quantity with a constant third quantity.

The content line "Propaedeutics of the study of functions” contributes to the
achievement of specific results defined in Annex 8 to the SS, namely: the
differentiating among the problem situations of those that are solved by mathematical
methods; data analysis, describing data relationships, presenting data in various forms;
selection, ordering, recording, conversion of audio, text, and graphic information of
mathematical content, in particular - in the digital environment; conversion,
presentation and dissemination of information of mathematical content using various
means, including digital; determining the components of the mathematical model of
the problem situation and the relationships between them; building a mathematical
model of the problem situation using a certain mathematical apparatus; constructing a
mathematical model in a standard situation; performing operations with mathematical
objects and using various forms of information presentation; linking different elements
of mathematical knowledge and skills, formulating conclusions with the support of
opinions with arguments; using mathematical concepts, facts and the proposed
sequence of actions to solve problem situations; possession of mathematical terms and
symbols and their appropriate use; ability to express ideas in a meaningful, accurate,
and concise manner.

Finding the values of numerical expressions involves both compliance with the
order of actions and the transformation of expressions on the basis of laws and rules of
arithmetic operations, expanding parentheses, putting the common factor outside the
parentheses, and reduction of similar terms. The logic of the development of the
content of education involves the transfer of knowledge and methods of action on
letter expressions. Thus, the following content line "Expressions, Equalities, and
Inequalities™ contains algebraic items: expressions (numerical and alphabetical),
equalities (numerical, alphabetical, equations, formulas, and proportions), inequalities
(numerical and alphabetical). The purpose of the content line "Expressions, Equalities,
and Inequalities” is to prepare graduates of the first cycle of basic education to study a
systematic course of algebra and provide a block of basic knowledge "Equations and
Inequalities™ ( Annex 7 to the SS).

It should be noted that algebraic propaedeutics was started in primary school -
students are already able to distinguish between numerical and alphabetical
expressions; read and write both simple expressions and expressions for several
actions, including parentheses; find the meaning of numerical and alphabetic
expressions, following the order of actions, as well as performing simpler
transformations — on the basis of laws and rules of arithmetic operations and the
definition of multiplication. In grades 5-6, students continue to work with numerical
and alphabetical expressions on the same principles that were learned in elementary
school. The increase in competence is associated with the development of the line of
transformation of expressions through the transition from the distributive law of
multiplication with respect to the addition, and to factoring out the common factor, and
then the reduction of similar terms.

In elementary school, equations were singled out among numerical equalities;
students solved both simple equations and complex structure equations (those where

13
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the right part is represented by a numerical expression, one of the components is a
numerical or alphabetical expression) mainly in a way based on the rules of finding the
unknown component of the arithmetic operation. The students also got acquainted with
the method of selection and, possibly, with the method that involves the application of
the properties of equalities (additional questions in the SEP for primary school,
produced under the guidance of O. Savchenko). The types of equations considered in
primary school continue to be studied in grades 5-6, the increase in competence in
grade 5 is provided by equations that involve actions with common and decimal
fractions, conversion of numeric and alphabetical expressions, including finding the
sum / difference of terms with the unknown, and in grade 6- equations in which you
want to find the unknown term of the proportion, to reduce similar terms, and
equations that contain the unknown in both parts. In the 5th grade, the methods of
solving equations studied in primary school are used on broader contents, and in the
6th grade, the equations are being solved based on the basic properties
of the equations.

Primary school graduates have sufficient experience in comparing numerical
expressions and finding individual solutions of alphabetical inequalities. Thus, some
solutions of alphabetical inequalities were found by the method of selection, the
method of reduction to the equation and, possibly (additional questions of the
program), on the basis of the dependence of the result of arithmetic operation on the
change of one of the components at constant third. In grades 5-6, the line of
inequalities continues, its development occurs due to the introduction of double
inequalities and strict and non-strict inequalities in grade 5.

As a result of mastering the content line "Expressions, Equalities and Inequalities” it
is planned to achieve specific results defined in Annex 8 to the SS: students connect
various elements of mathematical knowledge and skills, draw conclusions, support
their opinion with arguments; use mathematical concepts, facts and the suggested
sequence of actions to solve problem situations; identify the components of the
mathematical model of the problem situation and the relationship between them;
choose a mathematical model to the standard situation; select ways and develop an
action plan needed to solve the problem situation; perform operations with
mathematical objects and employ various forms of information representation; seek
alternative ways to solve the problem situation; evaluate different ways to solve a
problem situation; know mathematical terms and symbols, and use them expediently;
express their ideas meaningfully, accurately, and concisely.

This creates a mathematical basis for the study of situations and the identification of
problems that can be solved using mathematical methods for modeling processes and
situations, developing strategies, action plans for solving problem situations, critical
evaluation of the process and the result of solving problem situations , which is the
purpose of the content line "Mathematical modeling™. This content line includes
"symbolic models of problem situations” (L. Friedman) — word math problems:
simple and composite, including typical; and involves the use of arithmetic and
algebraic methods for solving problems.

The content line "Mathematical modeling” represents the development of the
content line "Mathematical problems and research" according to the SEP for primary
school, produced under the guidance of O. Savchenko. Traditionally, a certain part of

14
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the course of elementary school mathematics is formed by word math problems, which
are an independent element of the content of education. Elementary school graduates
are familiar with both simple problems that can be answered with a single arithmetic
operation, and with complex problems that cannot be answered with a single
arithmetic operation. Among the compiled problems, typical problems that contain the
same value for two cases were identified: problems that set the task to find the fourth
proportional, to perform a proportional division, to find the unknowns by two
differences, to perform a double reduction to one; on processes: on joint work, and on
movement. Elementary school students mostly solved problems by an arithmetic
method, although they also got acquainted with the algebraic method of solving
problems — making equations.

In primary school, the purpose of teaching how to solve story-based mathematical
problems is to form the students’ general ability to solve problems: to analyze the
formulation of the problem, present its results in the form of an auxiliary model (short
record and / or schematic drawing), find the ways solve the problem from the question
to the numerical data (analysis) or from the numerical data to the question of the
problem (synthesis), make a plan for solving the problem, write down the solution of
the problem by actions with explanation and expression, and answer the questions
asked in the problem. After the solution was found, the problem was still worked with
(the solution of the problem was checked, the problem was researched into by
changing the required when compiling and solving inverse problems, and it was also
researched by transforming the problem itself). In grades 5-6, students continue to
solve these types of problems; the development of competence is due to the
complexity of the problems of proportional division, and in the 6th grade, these
problems, as well as the problem of finding the fourth proportional, are solved by
adding proportions. The increase in competence also takes place due to the
introduction of new types of tasks: percent (the 5th grade) and percent calculations in
the 6th grade. In grades 5-6, problems are solved by both arithmetic and algebraic
methods.

The content line "Mathematical modeling™ is aimed at the formation of students'
abilities (Appendix 8 to the SS): to distinguish among problem situations those that are
solved by mathematical methods; investigate the problem situation, obtain data, verify
the accuracy of data; analyze data, describe the relationships between them, present
data in various forms; select the data needed to solve the problem situation; determine
what exactly may be the result of solving the problem situation; choose ways and
develop an action plan needed to solve the problem situation; assess the need for and
sufficiency of data and determine the insufficiency or redundancy of data to solve the
problem situation; choose a mathematical model for a standard situation; identify the
components of the mathematical model of the problem situation and the relationship
between them; build a mathematical model of the problem situation, using a certain
mathematical apparatus; look for alternative ways to solve the problem situation;
evaluate different ways to solve the problem situation. The content line "Mathematical
modeling” ensures the achievement of the overall result "Development of
mathematical thinking for cognition and transformation of reality, knowledge of
mathematical language", which is defined in Annex 8 to the SS. Word math problems
are an effective means of developing students' skills to: identify and describe the
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relationships between math objects and real-world objects; use mathematical concepts,
facts and the proposed sequence of actions to solve problem situations.

Geometric propaedeutics is provided by the content line "Geometric figures.
Geometric quantities ". The purpose of this content line is to develop students' spatial
representations, the ability to observe, compare, generalize and abstract; to nurture
students' practical skills to build, draw, model and construct geometric figures by hand
and with the help of simple drawing tools; to prepare the students to the study of a
systematic course in geometry. This content line implements the block of basic
knowledge "Geometry and measurement of geometric quantities”, which is given in
Annex 7 to the SS.

In the beginner math courses, students formed ideas and concepts about geometric
shapes on a plane, their features and properties (point, line, ray, segment, curve,
polyline, polygons, including rectangle and square, circle and circumference), and
were offered only the definitions of rectangle and square, formulated through the
nearest genus and species differences. Students have already learned to recognize
geometric shapes in space (cube, rectangular parallelepiped, pyramid, cone, cylinder,
sphere), to compare geometric shapes with the articles of the environment. The
educational activity was connected with measuring and calculating geometrical
quantities (length of a segment, perimeter of a polygon) (formula of perimeter of a
rectangle and a square), the area of a rectangle and a square), solving of problems of
geometrical maintenance (on calculation of length ) and inverted to them. The
development of this line in the first cycle of basic education takes place by considering
the degree of angle, measuring angles with a protractor, properties of measuring
segments and angles, the concept of complementary rays, classifications of triangles
by sides and angles, consideration of triangle inequality, properties of rectangular
parallelepiped and cube. a rectangular parallelepiped and a cube in the 5th grade;
circumference and its elements, the area of a circle, a circular sector, the concept of
parallel and perpendicular lines in the 6th grade.

The content line "Geometric shapes. Geometric quantities” ensures the achievement
of concrete results (Annex 8 to the SS): distinguishes among the problem situations
those that are solved by mathematical methods; singles out similar situations;
investigates the problem situation, receives data, checks their reliability; analyzes data,
describes the relationships between them, presents data in various forms; selects the
data needed to solve the problem situation; determines what could be the result of its
solution; selects, organizes, records, converts audio, text, graphic information of
mathematical content, in particular in the digital environment; selects ways and
develops an action plan needed to solve the problem situation; builds a mathematical
model of the problem situation, using a certain mathematical apparatus; evaluates
different ways of solving a problem situation; identifies and describes the relationships
between mathematical objects and real-world objects; connects various elements of
mathematical knowledge and skills, draws conclusions, supports his opinion with
arguments; uses the necessary accessories and information and communication
technologies; owns mathematical terms and symbols, expediently uses them; is
expressed meaningfully, accurately, and concisely.

The connection of the mathematics course of the first cycle of basic education with
life and the integration of its content with other educational branches is realized
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through the content lines "Propaedeutics of studying functions”, "Mathematical
modeling", "Geometric figures". Geometric quantities ", as well as through the content
line" Data Analysis ". The purpose of this content line is to acquire the simplest skills
of working with ways of presenting information, analysis of information contained in
tables, diagrams, charts, graphs, the formation of skills to use data to solve practical
problems. The content line "Data Analysis" implements a similar block of basic
knowledge "Data, Statistics and Probability” from Annex 7 to the SS. By means of this
content line the semantic line "Work with data”, which is a component of
mathematical educational branch according to the State standard of primary general
education, isdeveloped . In elementary school, students learned about different ways of
presenting data — in the form of diagrams, tables, bar charts, they learned to read
information from them. In the 5th grade the development of competence is done by
introducing the concepts of "data table", "scale" in the context of analyzing data tables,
diagrams, by finding the mean. In the 6th grade pie charts are introduced, the semantic
basis of students' analytical activity is expanded by involving rational numbers.

The content line "Data Analysis" ensures the achievement of specific results defined
in Annex 8 to the SS: it distinguishes among the problem situations that are solved by
mathematical methods; investigates the problem situation, receives data, checks the
accuracy of data; analyzes data, describes the relationships between them, presents
data in various forms; selects the data needed to solve the problem situation; selects,
organizes, records, converts audio, text, graphic information of mathematical content,
in particular in the digital environment; converts, presents and disseminates
information of mathematical content using various means, including digital; selects
ways and develops an action plan needed to solve the problem situation; builds a
mathematical model of the problem situation, using a certain mathematical apparatus;
formulates and reflects in a user-friendly form the results of solving the problem
situation, in particular with the use of information and communication technologies;
presents the results of solving the problem situation, explains their application;
evaluates different ways to solve a problem situation; possesses the knowledge of
mathematical terms and symbols and uses them expediently; expressed ideas
meaningfully, accurately, and concisely.

Thus, the content lines "Numerical systems”, "Propaedeutics of studying functions",
"Expressions, equalitiess and inequalities”, "Mathematical modeling"”, "Geometric
figures™. Geometric quantities”, "Data analysis" fully implement the blocks of basic
knowledge, which are presented in Annex 7 and ensure the achievement of specific
results in accordance with Annex 8 to the State standard of basic general education.
These content lines are implemented in the sections according to which the program
for grades 5-6 is structured.

The 5th grade program contains the following sections:

Section I. Generalization and systematization of what was studied in primary

school.

Section 1. Natural numbers.

Section I11. Ordinary fractions.

Section 1V. Decimal fractions.

Section V. Percentages. Arithmetic mean.

Section VI. General Reviewing.
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The 6th grade program is structured in the following sections:

Section I. Generalization and systematization of what was studied in 5th grade.
Section Il. Divisibility of natural numbers.

Section I1l. Ordinary fractions and actions with them.

Section 1V. Ratios and proportions.

Section V. Rational numbers and actions with them.

Section VI. Reviewing.

Within each section, the sequence of content development and the logic of achieving
the expected results is determined in the topics of textbooks.

The program specifies the content of educational material, types of educational
activities for each grade and presents the relevant expected learning outcomes. The
scope of educational material defined in the program is necessary and sufficient for the
formation of students' subject mathematical competence and key competencies, as well
as readiness to study mathematics at the next level of education — in the second cycle
of basic general education.
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On incorporating didactical mapping
into integrated approach*

Borislav Lazarov

Introduction

Pursuing the goal of enhancing the effectiveness of teaching-learning process, the new
Bulgarian educational legislation entrusts the innovative schools with the task of
developing the curriculum which would introduce new didactical approaches (MES,
2015)'. Among them are project-oriented initiatives for upgrading the subject-oriented
curricula through topic-oriented didactical scenarios in which the integrated approach
is crucial (Lazarov, 2018)%. The integrated approach supposes that any included
subject in a topic-oriented didactic unit (TODU) comes with its own methodology and
the subject teachers prepare the separate parts of the TODU scenario at their own
discretion, having in mind some specific educational goals. Development of a concept
map materially facilitates the analytical constituents of the ingredients of the topic
under consideration (Giouvanakis et al., 2016)°. Routine procedures are usually
applied at this stage, though rethought in a new context. However, at the synthesis
level, in most cases, there are certain problems with the multifaceted presentation of
the topic. Then it is necessary to concert the concepts and to merge analytical
conceptual maps. Such a technical procedure has its “‘didactic price’, which will be
discussed below.

Theoretical base

A concept map matrix is shown in Figure 1. It is based on (Kitano et al., 2008)* and
represents a modification of the Model of a Concept Map introduced by Novak and
Gowin (1984)°. Here the concepts are accommodated in several hierarchic levels and a
concept of higher level correlates with some concepts of lower levels (higher means a
smaller level number).

! Ministry of Education and Science. (2015). Regulation No 5 of 30.11.2015 for the general education. Darzhaven Vestnik, 1.
95 of 08.12.2015. [in Bulgarian]

? Lazarov B. (2018). Topic-oriented Upgrade of Subject-oriented Educational System. In Tarasenkova, N. (Eds). Current
Status and Prospects of Mathematical Education: Monograph. SCASPEE, Budapest, Hungary. pp 37-53.

® Giouvanakis, T., Evaggelos, K., Mpakavos, A. & Samaras, H. (2016). Creative thinking through concept mapping.
International Journal for Cross-Disciplinary Subjects in Education, Volume 7, Issue 1. pp 2705-2711.

4 Kitano, M., Montgomery, D., Vantassel-Baska, J. & Johnsen, S. (2008). Using the National Gifted Standards for PreK-12
Professional Development. NAGC&CEC-TAG. Corwin Press, Thousand Oaks, California, p 124.

5 Novak, J. & Gowin, D. (1984). Learning how to learn. Cambridge University Press, Cambridge, UK, pp 15-54.
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Figure 1 Concept map matrix.

The relationships between the concepts can be of two types: links (straight arrows in
the figure) or crosslinks (broken arrows). The score of this particular map is
calculated as

11-1+4-5+2-10+2-1 = 53.

This score corresponds to 11 links (11-1), 4 levels (4 - 5), 2 crosslinks (2 - 10), and
2 examples (2 - 1) (Kitano et al., 2008)°®. The values of the entities are commensurate
with that of one link. In our opinion, the scoring formula is incomplete. It does not
take into account the role of the concepts themselves. Simply expanding the formula
with the addend (number-times-value) does not read the contribution of concepts from
given level to the complexity of the map. The value 10 for a crosslink is
also overestimated.

The relationshi