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Abstract

The up-to-date Federal State educational standard of basic general education suggests orientation to
personal, metasubject, and subject results of education. According to the degree of significance for the
student's success in life, metasubject results prevail over subject results, but currently, there are no
sufficiently transparent methods for their formation, as well as means for assessing the quality of their
achievement. The aim of the work is to investigate the possibilities of the graphic method of solving text
tasks as a means of forming metasubject results of education. Solving text tasks plays a key role in realizing
that mathematics is not a science disconnected from reality. Every formula can be filled with vital content,
and, conversely, you can describe any real phenomena through mathematical models. The study of the
interrelationships of different branches of mathematics, in particular, graphic illustration, geometric images,
and algebraic expressions teach students to think broadly, to understand the interpenetration of various
concepts not only in the field of mathematics but also in other subject areas. As experience has shown,
students who have mastered the graphic method show better results in the future and not only in educational
activities. They more often take part in research competitions in different subject areas; successfully pass
competitive selection in educational institutions of higher education. The graphic method of solving text
tasks contributes to students’ intellectual and creative abilities development. This method allows a person

to look more broadly at the task that arises both in educational practice and beyond school.
2357-1330 © 2021 Published by European Publisher.
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1. Introduction

The up-to-date Federal State Educational Standard (FSES) of basic general education is based on
the system-activity approach, which involves focusing on f education results (personal, metasubject, and
subject). The expected results of education development are highlighted in the approximate basic
educational program of basic general education (ABEP BGE) and are presented by subgroups of universal
educational actions.

Metasubject results of education include, in particular, students' mastery of intersubject concepts
and universal learning activities, as well as the ability to use them in educational, cognitive, and social
practice. There are some research works (Chudinsky et al., 2018; Korchazhkina, 2016; Pankova, 2019;
Rybakina, 2012; Sergeeva et al., 2017; Testov, 2016) devoted to the study of the components of teaching
mathematics content and types of cognitive activity that are metasubject in nature, making the basis for the

formation of universal education activities.

2. Problem Statement

Speaking about the hierarchy of learning results according to the degree of significance for the
student's success in life, metasubject results prevail over subject ones. At the same time, the subject teacher
understands how to achieve subject results, but the question remains: how are metasubject learning results
achieved. The following scientific works are devoted to the possibilities of training future mathematics
teachers for the use of metasubject learning technologies (Hodanova, 2016; Perminov & Testov, 2020;
Petrova, 2015; Zhuk, 2018). Currently, this problem is due to the contradiction between the need for
teaching students to solve life problems in math lessons, and the lack of teachers’ comprehension of how
to achieve this by simply solving mathematical tasks. In this regard, students often perceive mathematics

as a science that is not related to real life.

3. Research Questions

The following content components of the subject "Mathematics" that are used to form metasubject
results are of great interest, through which it is possible to form schemes of thinking and actions that will
allow students to master:

= skills of processing information, comparing and analyzing facts,

= methods to identify tasks/problems in standard and non-standard situations;

= skills of finding an alternative solution;

= the ability to ask questions and formulate hypotheses, determine goals, plan, and choose a

method of action, control, analyze, and adjust one’s activities.

The subject of this study is such a meaningful component as the graphic method for solving text

tasks.
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4. Purpose of the Study

The purpose of the work is to study the possibilities of the graphic method for solving text tasks and

for the formation of metasubject results of education.
5. Research Methods

The research is based on the system-activity and metasubject approaches in education. At the first
stage of the study, an analysis of scientific publications was carried out, and to verify the hypothesis

experimental work was performed.
6. Findings

The application of graphs of function to the solution of text tasks is an effective means of achieving,
basically, two meta-subject results of education.

1. The ability to create, apply, and transform signs and symbols, models and schemes for solving
educational and cognitive tasks.

The key idea is that every formula in mathematics has a practical interpretation. This idea is clearly
expressed in the FSES BEP: "The study of the subject area" Mathematics and Computer Science» should
provide: awareness of the importance of mathematics and computer science in everyday life; the formation
of ideas about mathematics as a universal language of science that allows one to describe and study real
processes and phenomena."

Any alphanumeric expression, formula, equation, or function is a description of a real situation. For

example, looking at a record y = 200x + 5, you can see not only a linear function or a linear equation with

two unknowns but also a real plot. This is a person who is thinking at the ATM about how much cash he
needs to withdraw to buy some sweets (the store where his favorite sweets are sold turns out to have no
cashless payment). In this equation: 200 is the cost of one kilogram of sweets in rubles, x is the weight of
the planned purchase in kilograms, 5 is the cost of the package in rubles (he has not taken the package with

him, but he needs to buy a lot of sweets), y is the minimum amount that he needs to have to pay for the

purchase.

Solving plot tasks plays a key role in understanding this idea (Egupova & Moshura, 2019; Larina,
2016; Roslova, 2017). There is no other way to explain that formulas can be filled with vital content.
Formalization of the statement of a text task leads to the appearance of an equation, a system of equations
or inequalities, a function or a system of functions, a graphic illustration, which contributes to the formation
of such universal educational actions as skills:

= create an abstract image of an object and/or phenomenon;

= build a model based on the statement of the task and/or the method of its solution;

= translate information from a graphic or formalized (symbolic) representation to a text one and

vice versa.
2. The ability to independently plan ways to achieve goals, including alternative ones, consciously

choose the most effective ways to solve educational and cognitive tasks.
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The basic idea is that any mathematical task has several ways to solve it. Mathematics, as a science,
has many subsections, being not isolated from each other; they interpenetrate each other and this allows
one to study the same objects using different mathematical tools. For example, you can say that

y=200x+5 an analytical definition of a linear function, and talk about its properties (the domain of

definition, monotonicity, and so on), and you can say that this equation describes a straight line on a plane
with a Cartesian coordinate system with specified parameters You can study the position of this line relative

to the coordinate axes, and after adding another line to the equation y = 200x , you can talk about their

mutual location on the plane. The relationship between these two approaches can be formulated as follows:

* a geometric illustration of such a concept from mathematical analysis as a linear function is a
straight line, which leads to the concept of the graph of the function;

* an algebraically geometric object, a straight line that can be described by a linear equation, which
leads to the concept of an equation of a straight line on a plane.

Students’ mastering the graphic method of solving text tasks contributes to the formation of such
universal educational actions as skills:

= justify and choose the most effective ways to solve educational and cognitive tasks;

= choose from the suggested options and independently search for means/resources to solve the

task/achieve the goal.

Solving tasks by using the graphical method often leads to the need of using geometric facts. Let us
illustrate the relationship between the geometric, algebraic, and graphical views of the same phenomenon
of uniform motion.

Let us consider the right triangle 4BC with the right angle C . Figure 1 shows the sides of the

triangle as standarda , b, ¢, and the acute angle « .

b

Figure 1. Right triangle 48C

By determining the tangent of the acute angle in the right triangle, it is possible to write the ratio:

a
t = —, 1
ga b ()
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If now the cathet BC is denoted by the letter S’ in the same triangle and the cathet 4C by the letter
t , the right part of the equality (1) will take the form % , that suggests the idea of the formula connecting
speed, time, and distance with uniform movement:

v =

S
T 2

lga=v
t

Figure 2. Geometric illustration connecting speed, distance, and time in uniform motion

The right triangle becomes a geometric illustration of uniform motion where the tangent of the acute
angle represents the speed of movement, the opposite cathet of the acute angle is the distance, and the
adjacent cathet is the travel time (See Figure 02).

Formula (2) gives an algebraic model of uniform motion. It can be rewritten differently, expressing
one of the three characteristics:

S S
v=—, S=v-t, t=—.
t v
Assuming one of the characteristics of a known constant in each of the three formulas, we obtain six
different functions (four linear and two inverse proportionalities) that express the relationship between the

two remaining variable characteristics:

v:i-S, S=t,-v, t:L-S.
Z‘0 vO

By plotting these functions, we obtain graphical models of uniform motion.
The achievement of the above-mentioned metasubject learning results is realized through such
subject results of studying the subject area "Mathematics and Computer Science" as:

= mastering the system of functional concepts, developing the ability to use functional and
graphical representations to solve various mathematical tasks, to describe and analyze real
dependencies;

= using the properties of functions and their graphs when solving tasks from other academic
subjects;

= illustrating a real dependency or process by their characteristics with the help of a graph;

= mastering the basic methods of solving plot tasks: arithmetic, algebraic, iteration of options,
geometric, graphic and applying them in new situations as compared to the studied ones;

= designing and investigating functions corresponding to real processes and phenomena and

interpreting the results obtained under the specifics of the process or phenomenon under study;
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= choosing the optimal method of solving the task and being aware of the choice of the method,

considering different methods, and finding different solutions to the task, if possible.

With the help of graphs of function, tasks that describe a certain continuous process: movement,
work, filling the hall with spectators, candle burning, etc. are rationally solved. In school tasks, processes
are usually described with a constant speed of its flow. Therefore, regardless of the type of process, its
characteristics (the speed of the process, the time that is the duration of the process, the result of the process
which is the distance traveled, the plowed area of the field, the work performed with unassigned content,
etc.) are connected by a linear relationship. This leads to the need for studying the linear function and
constructing its graph (Arefieva, 2008). Despite the obvious connection between real processes and
mathematical functions, students rarely encounter the modeling of continuous processes in the form of a
function in Math lessons; more often they encounter such tasks in Physics lessons. This increases the gap
between real-life phenomena and mathematical concepts.

During 2017-2020, several educational programs for schoolchildren of the Jewish Autonomous
Region were implemented in Sholom Aleichem Priamursky State University. Within the framework of
these programs, teaching text tasks was realized through the graphic method. As experience has shown,
students who have mastered the graphic method show better results not only in educational activities in the
future. They more often than other students take part in research competitions in various subject areas and
successfully pass competitive selection in educational institutions of higher education.

Currently, there are no technologies that allow us to accurately determine the level of formation of
metasubject educational results. As a means of evaluating metasubject results of education, a specialized
Olympiad in mathematics can be used (Odoevtseva & Kirillova, 2017). Speaking about the search for
technologies for monitoring metasubject and learning results, we can resort to the work (Shkerina et al.,
2020), which is devoted to defining an approach to monitoring students’ universal learning activities in

Maths lessons in 7th-9th grades and obtaining its reliable means.

7. Conclusion

The graphic method of solving text task contributes to students’ intellectual and creative abilities
development. This method allows a person to reveal not only the connection between real processes and
mathematical formulas or their models; it allows one to look more broadly at the task that arise both in the
educational process and beyond school. Math teachers do not pay enough attention to this method, arguing
that it is poorly understood by students. Although, the logical chain is reversed: students do not understand

the graphical method of solving maths tasks, because little attention is paid to it.
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