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ABSTRACT

Mocmaxoeka npobnemu. BOOCKOHAAEHHA MemOOUKU HABYAHHA YYHI8
mamepiany 3micmosoi siHii «®PyHKYii ma ix epagiku» Hapasi €
akmyansHow  npobnemoro, OCKiflbKU ~ 3HAHHA  enacmusocmeli
esnieMeHmMapHUx yHKYil crnpuse opmysaHHIO 8 y4yHi8 adeK8amHo20
csimocnpulinAmma Ha OCHO8i HABYmMux 302a71bHUX | npeoMemHux
KomnemeHmHocmel. @yHKYii Malome YucaeHHi MPaKMu4Hi 3acmMocy8aHHA
ma 8UKOpUCMOBYEMbLCA MiQ YAC BUBYEHHA Mamepiany WKinbHO20 Kypcy
@isuku, ximii, bionoaii, iHgpopmamuku mowjo. Takoxc mamepian 3micmosoi
AiHiT «@yHKYii ma ix epagiku» € docums 8aMAUBUM OnA YCriWHO20
CKNAOQHHA 308HIWHLO20 HE3ANEHHO20 OUYiHIOBAHHA AKOCMI 3HAHL 3
mamemamuku. [flodamkoso rnompeby 80OCKOHAsAEHHA MemoOuKu
HABYAHHA YYHie PyHKUiAM niomeepdxcyrome pesyasmamu MixHapodHozo
nopieHanbHo2o  OocnidwenHa  PISA 2018, cmamucmuyHi  38imu
YKpaiHCbKo20 YyeHmpy OYiHIO8AHHA AKOCMI 0c8imu Wo00 Mecmye8aHHA 3
MamemMamuKu ma ornumMysaHHA 84UMenis Mamemamuku.

M pi ma 0 Ana  OocAeHeHHA  memu MU
BUKOPUCMOBYEMO  meopemuy4Huli ~ mMemod  aHanizy — mMemoOuyHoi
nimepamypu 3 00cniOHy8aHO20 MUMAHHA. MU MAKoX 8UKOPUCMOBYEMO
OesKi emMnipuyHi memoou: eésnacHe onumysaHHA 3a dornomozoro Google
forms, cnocmepexeHHA 3a HABYANLHUM MPOYUECOM Y 3G2A/bHOOCBIMHIX
WKO/0aX, aHAsi3 HABYAAbHUX 00CA2HEeHb yYHie. Y yili cmammi Mu makoxc
BUKOPUCMOBYEMO KOMIIEKC Memodie HayKo8020 Mi3HAHHA: MOpPieHANbHUU
aHani3 0514 3'AcysaHHA pi3HUX noenAdie Ha nNpobaemy; cucmemamu3sayis
ma y302an1b6HEHHA 3 MemoK 3pobumu 8UCHOBKU ma cgopmynosamu
pexkomeHOayii Wo0o HAMpPAMKI8 800CKOHAAEHHA MemoOUKU HABYAHHA
y4Hie Mamepiasy 3micmoeoi niHii «®yHKYii ma ix epagiku»; y3aeanbHeHHs
nedazoziyHo20 0ocsidy ma criocmepexeHb asmopis.

Pesynbmamu. CgopmyneosaHo einomesy w000 OoyinbHocmi
800CKOHA/IEHHA MemOOUKU HOBYAHHA Y4Hi8 3020a6HOOC8IMHIX WKisn
mamepiany 3micmosoi niHil «®yHKyii ma ix epagiku». 3 mMemoro
nidmeepoxeHHA Uiei einome3u ma OKpecneHHA HAMNpPAMKI8 Makozo
B800CKOHQ/IEHHA 3 BUKOPUCMAHHAM  CYYacHUX  iHgopmayiliHo-
KOMYHIKayiliHux ~mexHonoeili nposedeHo onNuMy8aHHA e4yumesnis.
OnumysaHHA NpPo8oduUIOCA AHOHIMHO i OHAAlH 3 8uKkopucmaHHAM Google
forms. ¥ onumysaHrHi 83aau yyacme 6au3ssko 100 s4umenis, AKi marome
pi3Huli nedazoeiyHuli cmax ma keasnigikayito, ane binbwicme i3 HUx
npaytorome 'y wkoni binbwe 15 pokis. OnumysaHHsA MOKA3aaA0 WO
binbwicme pecrioHOeHmis yacmo abo nocmiliHo sukopucmosyloms y
HABYANLHOMY MpPOYECi Cy4acHi MmexHosozii, a MmMaKOX¥ repeKoHaHi &
HeobxiOHocmi 800CKOHANEHHA MemOOUKU HABYQHHA Y4Hie mamepiany
3micmosoi aiHii «®yHKYii ma ix epagiku». OOHUM i3 HaNpAMKie Mako2o
800CKOHQ/1EHHA BOHU 86a4AOMb BUKOPUCMAHHA CY4aCHUX mexHoo02ill Ha
YPOKaXx mMamemamuKu, d MAaKox po3pobKy 8i0nosioHuUXx OUOAKMUYHUX
mamepiasnie i Memodu4YHUX peKkomeHOauil uj000 ix BUKOPUCMAHHS.

Formulation of the problem. Improving the methodology of teaching
students the material of the content line "Functions and their graphs" is
currently a relevant problem, because knowledge of the properties of
elementary functions contributes to the formation of students' adequate
worldview based on acquired general and subject competencies. The
functions have a lot of practical applications and are used during studying
the material of the school course of physics, chemistry, biology, computer
science, etc. Also, the material of the content line "Functions and their
graphs" is very important for the successful compilation of external
independent assessment of the quality of knowledge in mathematics. In
addition, the need to improve the methodology of teaching students
functions is confirmed by the results of the International Comparative
Survey PISA 2018, statistical reports of the Ukrainian Center for Educational
Quality Assessment on mathematics testing, and surveys of mathematics
teachers.

Materials and methods. To achieve our goal, we use the theoretical
method of analysis of the methodological literature on the subject. We also
use some empirical methods: our own survey using Google forms,
monitoring the learning process in secondary schools, and analysis of
student achievement. In this article, we also use a set of methods of
scientific knowledge: comparative analysis to clarify different views on the
problem; systematization, and generalization in order to draw conclusions
and formulate recommendations for improving the methodology of
teaching students the material of the content line "Functions and their
graphs"; generalization of pedagogical experience and observations of the
authors.

Results. The hypothesis concerning the expediency of improvement of a
technique of training of students of secondary schools of a material of the
content line "Functions and their graphs" is formulated. In order to confirm
this hypothesis and outline the directions of such improvement with using
of modern information and communication technologies, a survey of
teachers has been conducted. The poll has been conducted anonymously
and online using Google forms. About 100 teachers with different teaching
experience and qualifications took part in the survey, but most of them have
been working at the school for more than 15 years. The survey showed that
most respondents often or constantly use modern computer technologies in
the educational process, and are convinced of the need to improve the
methodology of teaching students the material of the content line
"Functions and their graphs". One of the directions of such improvement,
they believe the use of modern computer technologies in mathematics
lessons, as well as the development of appropriate didactic materials and
guidelines for their application.
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BucHo8Ku. []na 800CKOHAMEHHA MemOoOUKU HAOBYAHHA yYHie Mamepiany
3micmoseoi AiHii  «®yHKYii ma ix epagiku» nNpupodHUM eudaemeca
BUKOPUCMAHHA Cy4yacHUx iHpopmayiliHux mexHosnoeil. Yyumeni Hapasi
QKMUBHO 3aCMOCOBYIOMb CYYacHi enekKmpoHHi 3acobu 04a HA8YAHHA
mamemamuku, ase nompebyloms MemoOuYHOI MiIOMPUMKU W00 iX
BUKOPUCMAHHA 8 HaB4YasnbHOMY Mpoyeci. 30Kpema, ye cmocyemeca i
susveHHA Mamepiany 3micmosoi niHii «®yHKYil ma ix epagiku»: €
nompe6a 8 po3pobui 2omosux OUGAKMUYHUX Mamepiasie ma y cmeopeHHi
MemoOuYHUX peKomeHOauili Wo0o BUKOPUCMAHHA HGOPMAayiliHux
mexHosnoeili 0na eusdeHHs mamepiany yiei 3micmoeoi  niHii, AKi
00380/71AMUMYMb  30CMOCOBY8AMU  CYYaCHi  eneKmpoHHi  3acobu 8
HasyansHOMy npouyeci binbw egpekmueHo.

Conclusions. To improve the methodology of teaching students the
material of the content line "Functions and their graphs" it seems natural to
use modern computer technologies. Teachers are currently actively using
modern electronic tools for teaching mathematics, but need
methodological support for their application in the educational process. In
particular, this applies to studying the content line "Functions and their
graphs": there is a need to develop ready-made didactic materials and to
create guidelines for using information technology to study the material of
this content line, which will use modern computer tools in the educational
process more effectively.

K/1l0408I1 C/I0OBA: memooduka HAB8YaHHA Mamemamuku;
KomnemeHmHicHull  nioxid; yHKUii ma ix epadiku; iHpopmayiliHo-
KOMYHIKayiliHi mexHono2ii; Komn’tomepHi mexHono2ii; enekmpoHHi 3acobu

KEYWORDS: methodology of teaching mathematics; competency
approach; functions and their graphs; information and communication
technologies; computer technologies; electronic learning tools.

HAB84YaHHA.

INTRODUCTION

Formulation of the problem. Analysis of current research. Educational activities, both in general and in the field of
mastering mathematics, is a difficult but interesting job. To achieve results during this work, students need time, a qualified
teacher, as well as significant own effort. In the process of learning, students have to acquire the necessary competencies for life,
i.e. learn to think, understand the essence of things, comprehend ideas and on this basis to seek the necessary information,
interpret them, forming information about objects and processes of the real world and the world of abstract ideas. Also students
have to acquire knowledge, skills and abilities in specific conditions, to form and defend one's own opinion.

The role of the teacher in the learning process is to constantly monitor the activities of students in order to provide
timely assistance in overcoming difficulties in the process of acquiring and consolidating appropriate competencies. Modern
reality puts before teachers the task of updating and replenishing their knowledge on a wide range of issues, which together
should become the content of educational and methodological work and help students cope with problems in learning. At the
same time, it is often quite difficult for a teacher to evaluate, form criteria and indicators of personal growth of students.
Therefore, during preparing for lessons, it is important to take into account possible students' mistakes and correct them in time.

Modern Ukrainian education is aimed at personality-oriented learning (Hryniova, 2015). Therefore, the teacher has a
task to reveal, preserve and develop the individuality of each student, to identify and take into account his potential, needs,
desires and, accordingly, to provide a differentiated approach to learning. This approach requires the creation in the learning
process of a modern educational environment that will promote the development of students' necessary skills and competencies
(learning ability, creativity, critical thinking, communication, teamwork, etc.), the formation of his personality. To do this, the
teacher can use not only traditional teaching aids, but also modern educational trends, in particular, STEM education, partnership
pedagogy, personalization of learning, inclusive learning, practical training, research training, gamification, online courses, etc.
(Vasylyeva, 2020; Lantarédn et al., 2021).

Traditionally, during studying mathematics at school, all the material is divided into so-called content lines, the
development and deepening of which accomplish throughout the learning process by considering the relevant topics in each
class (MES of Ukraine, 2017). In Ukrainian methodology tradition the following content lines are considered: "Numbers and
expressions"”, "Functions and their graphs", "Equations and inequalities", "Geometry on a plane", "Geometry in the space",
"Stochastics" (UCEQA, 2016). Each of these content lines is important and, perhaps, it is impossible to single out any of the most
important of them. However, the study of some of them begins in the 1st grade and ends in the final grade, and for others the
study begins a bit later, but continues until the end of training. For example, the study of the content line "Numbers and
expressions" begins with actions on natural numbers in primary school, and ends with the study of irrational and transcendental
numbers in senior school. At the same time, the semantic line "Functions and their graphs", if we do not take into account the
propaedeutic material, begins to be studied from 7th grade on the topic "Linear function" and ends in the final grade by studying
the topic "Exponential and logarithmic functions". In this article, we will take a closer look at the methodology of studying the
material of the content line "Functions and their graphs" in the school course of mathematics.

Note that improving the methodology of teaching students the material of this content line is currently an urgent
problem, as evidenced by the publications of foreign and domestic scholars (Bakker et al., 2021; Vasylyeva, 2020; Bakhrushyn,
2019). We also emphasize that knowledge of the properties of elementary functions contributes to the formation of students'
adequate worldview on the basis of acquired general and subject competencies. Without appropriate knowledge, skills and
abilities, it is difficult to imagine the study of many topics in physics, chemistry, biology, computer science, etc. (Andrews, 1998;
Goudriaan & Monteith, 1990; Martinez-Legaz et al., 2005; Boucekkine & Ruiz-Tamarit, 2008). Also, the material of the content
line "Functions and their graphs" is very important for the successful cope of external independent assessment (EIA) of the quality
of educational achievements in mathematics, which is conducted by the Ukrainian Center of Educational Quality Assessment
(UCEQA). In particular, about 20% of the total number of EIA test tasks in mathematics relate to functions and their graphs.

Based on our own pedagogical experience and the results of the state final attestations (SFA) in mathematics, we found
problems in the relevant understanding of students of grades 10-11 material of the content line "Functions and their graphics".
This is also stated in the final reports of the UCEQA during the analysis of test results in mathematics. For example, it is noted
that: “A significant part of the participants of the external independent assessment do not have developed basic skills on the
topic "Functions. Properties of functions". Test participants often could not properly analyze and understand the information
presented in graphical form (on the figure), compare it with the textual part of the condition of the task, to build an appropriate
mathematical model. Mostly, this is applied to problems of practical content in both algebra and geometry"(UCEQA, 2017).

An analysis of the official reports of the UCEQA for 2016-2021 on the presence of student problems with the study of
functions (UCEQA, 2016; UCEQA, 2017; UCEQA, 2018; UCEQA, 2019; UCEQA, 2020; UCEQA, 2021) showed the following:
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e students do not have the skills to analyze and understand the data presented using a graph or figure during
comparing them with the condition of the task (mostly this applies to tasks for recognizing graphs of functions);

o half of the test participants cannot determine the point of intersection of the graph of the function with the abscissa
axis in the MCQ type of tasks;

e students had difficulties in solving the problem of establishing correspondence between the graphs of functions
shown in the figures and the properties of these functions;

e students cannot correctly find the domain of the function and calculate the value of the function at given points in
the domain;

e students cannot correctly draw the function graph in the open-ended tasks (tasks with a full explanation);

e students cannot correctly determine the derivative of the function and from these data to find the intervals of
monotonicity and extremum points of the function;

e students do not understand the geometric sense of a definite integral and make mistakes during determining the
antiderivative function and during calculating the area of a geometric figure using the Newton-Leibniz formula;

e only from 1.7% to 9.4% of test participants were able to fully cope with the open-ended tasks, and from 40.3% to
two thirds of participants did not complete these tasks at all.

Analysis of statistical characteristics of test tasks related to the material of the content line "Functions and their graphs"
shows that test participants in mathematics on EIA insufficiently and fragmentarily substantiate the conclusions, often cannot
coherently, logically and consistently describe in written form the way of their thoughts, cannot use acquired knowledge and
skills for analysis and synthesis of the obtained results (UCEQA, 2016).

In 2018, Ukraine participated in the International Comparative Study PISA, during which it was found that the average
level of mathematical literacy of Ukrainian students (453 points) corresponds to the second level out of six possible (Bakhrushyn,
2019). This level is basic, reflecting the ability of students to participate effectively and productively in society. PISA scores are
determined on scales specifically designed for each field of study (for reading, mathematics and natural sciences). Scales are a
numerical indicator of the levels of literacy of students in the appropriate fields. For each level there is a certain number of test
tasks, where the complexity of tasks at each level gradually increases. The amount of points received by the student allows to
determine the level of his competence in each of the disciplines. The results of PISA participants in each field are presented on a
scale, which identifies six levels of literacy in each of the subject areas of assessment (Mazorchuk et al., 2019; Vakulenko et al.,
2021).

Comparing Ukraine and other countries participating in the study, it was found that in Ukraine the most problematic
among the three branches of PISA is mathematics, noticeable differences are in different subject areas, especially noticeable
relatively low are the students results in mathematics. 36% of Ukrainian students failed to demonstrate such a level, of which
15.6% did not even reach the first level of mathematical literacy. At the same time, about 38% of Ukrainian test participants
showed the results of 3-6 levels, but only a few of them reached the sixth level (Bakhrushyn, 2019).

The PISA study on content line "Functions and their graphs" focuses on linear functions, their properties, various forms
of description and tasks. The next PISA study, scheduled for 2022, will look more closely at the relationship between quantities,
which can be expressed through equations, graphs, tables, or verbal descriptions. The concept of a function as such, i.e. as such
an abstract object, the representations of which are various equations, graphs, tables or descriptions, has been studied. Two
views of a function — a naive view of the process and a more abstract view of the object — can be reconciled in the graph of the
function. However, the analysis of the graph of the function, determining the coordinates of the values on the axes are also
dynamic or process nature. The graph of a function is an important tool for studying the concept of rate of change. The graph
appears as a kind of visual means for understanding the function as a relationship between the related quantities (Vakulenko et
al., 2021). It is this study that indicates the existence of the problem of studying the content line of "Functions and their graphs",
shows the subject connections of this line and the relevance of its study.

Summing up, we see that students of Ukrainian schools have significant problems with mastering the material of the
content line "Functions and their graphs". Only the fact that according to the statistical reports of the UCEQA in 2016-2021, the
task of establishing a correspondence between the function and the property of the function is performed correctly by only 16.2%
to 28.8% of participants in the external examination in mathematics, indicates an urgent need to improve methodology of
teaching students the material of this content line.

The purpose of the article is to find out the expediency and possibility of improving the methodology of teaching
students the material of the content line "Functions and their graphs" and to outline the directions of such improvement, based
on using of modern computer teaching aids in mathematics.

RESEARCH METHODS

To achieve our goal, we use the theoretical method of analysis of the methodological literature on the subject. We also
use some empirical methods: our own survey using Google forms, monitoring the learning process in secondary schools, analysis
of students' achievement. In this article we also use a set of methods of scientific knowledge: comparative analysis to clarify
different views on the problem; systematization and generalization in order to draw conclusions and formulate recommendations
on how to improve the methodology of teaching students the material of the content line "Functions and their graphs";
generalization of pedagogical experience and observations of the authors.

RESULTS OF RESEARCH

The above theoretical analysis provides sufficient grounds for formulating a hypothesis about the feasibility of
improving the teaching methodology of the content line "Functions and their graphs" for secondary school students. In order to
confirm (or refuse) this hypothesis and outline the directions of such improvement with using of modern information and
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communication technologies (ICT), we conducted a survey of teachers. The poll has been conducted anonymously and online
using Google forms. It involved about 100 teachers working with grades 5-11 of secondary schools in Ukraine, with different
teaching experience and qualifications. However, as it turned out, most of them are experienced professionals - 51% of
respondents have been working as mathematics teachers more than 15 years.

Below we put the list of questions of survey and the results of this poll. If the question contained answer options, then
after each of these options in parentheses is the percentage of the total number of respondents who chose this option.

Question 1. Do you use modern ICT in your professional activity?

e Yes, all the time (43%).

e Yes, often (46%).

® Yes, sometimes (10%).

e Yes, but very rarely (1%).

e No, | don’t use it at all (0%).

As we can see, all surveyed teachers use ICT in different ways in their work, and the vast majority of them (91%) use
them constantly and regularly. This situation is natural, especially in the context of a significant spread of distance and blended
learning due to the onset of the pandemic situation and martial law in Ukraine.

Question 2. What software (electronic) tools do you use to teach students (you could choose several answers)?

e Electronic control systems of knowledge, skills and abilities (test aggregators) (86%).

e Electronic textbooks of various types (from pdf versions to interactive) (77%).

e Demonstration tools (videos, text presentations, etc.) (81%).

e Training organization systems (training platforms) (64%).

¢ Data search systems (electronic libraries, Internet search engines, etc.) (58%).

» Software for learning in the form of games (quizzes, competitions, puzzles, etc.) (53%).

* Programs that allow modeling experiments, imaginary or real life situations, etc. (23%).

* Programs that provide the opportunity to create new electronic resources (17%).

The results of the answers to this question show that the most popular electronic tools for teachers are programs that
allow to assess students' academic achievements, as well as electronic learning tools, such as textbooks, instructional videos and
presentations. Less popular, but quite common are systems for organizing training and data retrieval, as well as programs for
learning in the form of games. In our opinion, this is due to the fact that test aggregators and e-textbooks can be used both during
classroom learning and during distance and blended learning, and the rest of the mentioned e-learning tools are more typical for
online lessons.

Question 3. Sort by importance (1 is the most, on your opinion, important, 6 is the least important) the following content
lines of the school course of mathematics: "Numbers and expressions", "Functions and their graphs", "Equations and
inequalities", "Geometry on a plane", "Geometry in the space", "Stochastics".

The table below shows the percentage from the total number of teachers surveyed who ranked each of these content
lines from 1 to 6 in descending order of importance. The far right column contains the weighted average place for each content
line.

Content line / place 1 2 3 4 5 6 Weighted average place
Numbers and expressions 72% 6% 9% 4% 4% 5% 1,8
Function and their graphs 9% 14% 40% 17% 10% 10% 3,3
Equations and inequalities 9% 60% 13% 5% 9% 4% 2,6
Geometry on a plane 3% 17% 25% 44% 8% 3% 3,5
Geometry in the space 4% 4% 4% 16% 49% 23% 4,7
Stochastics 5% 1% 9% 13% 17% 55% 5,0

The weighted average place shows that the content line "Functions and their graphs", according to teachers, is the third
most important after the content lines "Numbers and expressions" and "Equations and inequalities". 40% of respondents put it
in this place. This position is rather natural, because without proper knowledge of numbers and expressions, the study of
mathematics is fundamentally impossible, and equations and inequalities are the most popular models of real phenomena and
processes. However, this does not mean that teachers underestimate the importance of functions, because much more teachers
put it on the 1-3 places than in 4-6 places (63% vs 37%). Thus, the study of functions and their graphs respondents consider,
though not the most important, but one of the priorities in the study of school mathematics course.

Question 4. Do you suppose it appropriate to improve the methodology of teaching students the content line "Functions
and their graphs"?

o Yes, definitely (22%).

o More likely, yes (55%).

e |t is difficult to answer (10%).

o More likely, no (12%).

o No, definitely (1%).

As we predicted by our theoretical research, a total of 77% of respondents are convinced of the need to improve the
methodology of teaching students the content line "Functions and their graphs". At the same time, it is important that 82% of
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experienced teachers with 15 years of experience or more suppose the same. This is further evidence that with experience of
teaching, awareness of the need to improve the methodology of learning functions is only growing.

Question 5. Are you currently provided with appropriate methodological materials for teaching students the content
line "Functions and their graphs"?

e Yes, definitely (5%).

o More likely, yes (48%).

o |t is difficult to answer (21%).

e More likely, no (25%).

e No, definitely (1%).

The number of teachers who believe that they are provided with learning materials on the study of functions is about
half of the total number of respondents. The rest of the teachers feel the need for such materials, although none of them stated
that there were no such materials at all. This suggests that the situation with the methodological support of teachers to study
the content line "Functions and their graphs" is not catastrophic and needs only minor improvements.

Question 6. If you do not have enough methodological materials to teach students the content line "Functions and their
graph", then which ones (you could choose several answers)?

o Educational demonstration materials (videos, text presentations) (46%).

e User instructions on software capabilities (46%).

e Methodical advice on using of software to teach students the material of the content line (44%).

e Ready-made developments for monitoring of students' achievement (tests, control works, etc.) (38%).

e Electronic manuals (textbooks, collections of tasks, etc.) (31%).

o Materials for in-depth study (1%).

o Fully provided with methodical materials (5%).

As we can see, during studying the content line "Functions and their graphs" teachers are most lacking in educational
demonstration materials, there are some problems with user instructions on the possibilities of teaching software, as well as
ready-made tests current and final control works. Note that only 5% of respondents in response to question 5 said that they are
fully provided with methodological materials related to this content line. This confirms our confidence in the need for further
methodological developments to study the functions, and is fully coinsident with the answers to question 4.

Question 7. If you think that you need to improve the method of teaching students the content line "Functions and their
graphs", then what can be done for it (you could choose several answers)?

o Develop guidelines for studying the material of this content line using ICT (64%).

e Increase the number of hours to study the material of this content line (55%).

e Increase the number of ready-made educational materials (electronic textbooks, videos, etc.) (36%).

e Develop methodological recommendations for improving the methodology of traditional teaching of the material of

this content line (26%).
e Create a learning environment with an existing systematized database of materials and opportunities for control and
self-control (1%).

The answers to this question show that half of the teachers surveyed are in favor of an extensive way to ensure the
assimilation of the necessary material and want to increase the number of hours to study the content line. However, this path is
obviously a dead end, as increasing study time does not guarantee a positive result. In addition, the content line "Functions and
their graphs" cannot be called the most important among all others, and therefore, the increase in the amount of study time on
it is questionable for this reason.

However, it is gratifying that many more teachers understand the futility of the extensive path and choose the intensive
one - improving guidelines for studying functions (both traditional methods and using ICT) (see more also in Birgin & Uzun Yazici,
2021 and Ocal, 2017). In this intensive way of ensuring the quality of education, the need to increase the number of ready-made
teaching materials with using of modern technologies, which is emphasized by the interviewed teachers, seems natural.

Summarizing all the survey data, we can say that:

e most modern mathematics teachers, and especially teachers with much experience in school, constantly use ICT in

their educational activities;

o the range of use of ICT in teaching mathematics is quite wide - from electronic teaching aids (textbooks, educational

videos, etc.) to means of monitoring the results of educational activities;

e the content line "Functions and their graphs" is not, on the opinion of teachers, the most important content line of

the school course of mathematics, but its importance is undeniable;

e teachers have no doubts about the need to improve the methodology of teaching students the material of the content

line "Functions and their graphs", as well as the need to develop appropriate methodological materials, in particular,
using modern computer technologies.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

According to the analysis of scientific and methodological literature, in particular, the results of EIA and SFA in recent
years, as well as the international comparative study PISA 2018, in Ukraine there is a problem of ensuring the proper quality of
student knowledge, skills and competencies for the material of the content line "Functions and their graphs". The existence of
such a problem is confirmed by our survey of mathematics teachers, the results of which are given above.

To improve the methodology of teaching students the material of the content line "Functions and their graphics" it
seems natural to use computer technologies. According to the above-mentioned survey, teachers are currently actively using
modern electronic tools for teaching mathematics, but need methodological support for their use in the educational process. In

17



Tom 35, Ne 3 / Vol. 35, Ne 3 (2022) ®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

particular, this applies to the study of functions and their graphs: there is a need to develop ready-made didactic materials and
to create guidelines for using ICT to study the material of this content line, which will allow using of modern electronic tools in
the learning process more effectively.

On our opinion, this direction of research (using of modern electronic aids in the study of the content line "Functions
and their graphs") is promising and necessary for teachers. In the future, we plan a series of publications that will address detailed
guidelines for the use of ICT to study certain types of functions (linear, quadratic, power, exponential, logarithmic, trigonometric)
in the school course of mathematics.

We also consider the development of relevant online courses, trainings and webinars for mathematics teachers, as well
as their placement on educational platforms such as Prometeus, Osvitoria, Vseosvita, GIOS, etc. to be promising. We are
convinced that the availability of such educational resources, as well as a large number of e-learning tools will help overcome the
problems covered in the study of the content line "Functions and their graphs", make the learning process more effective for
both teachers and students.
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