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ABSTRACT

dopmynroeaHHA npobaemu. Y cmammi nopyueHo npobaemy
HegionogidHocMi  MiX  HAABHUMU  0epMasHUMU  W000
nMidcymKo8020 M0BMOPEHHA | cucmemamu3auii WKinbHo20 Kypcy
MamemMamuku 8 yMosax KoMrnemeHmHiCHo20 nioxody 3 00HO20
60Ky ma (020 MPAKMUYHOK peanizayielo 3a YUHHUMU
npozpamamu ma nidpy4HUKamu 815 cmapuwiux Kaacie 3 iHuwozo. 3
YPAxy8aHHAM KO2HIMUBHUX meopili po3sumky nam’ami ma
BUK/IUKIB Ni0 Yyac nNidCcyMKo8020 mecmy8aHHA CMAapWoOKIAdCHUKI8
3 Mamemamuku, o6rpyHmMOBAHO GKMYaAnbHICMb O0CNIOHEHHA
egekmuesHux nidxodie 00 M08MOPeHHA HaB84AAbHO20 Mamepiany,
AKi 6 CNpUAAU 3HUXEHHIO HABYA/bHUX 8MpPam i HanewHomy
hopmysaHHIO MamemamuyHoi KomrnemeHmMHocmi ma HWux
KomnemeHmHocmeli 32i0HO 3 KoHyenyieto Hoeoi yKpaiHcbKOI
wkonu (HyLU).

Mamepianu i memodu. byno sukopucmaHo meopemuyHuli
aHani3  Memoou4yHoi aimepamypu, nopieHAAbHUU — aHanis,
cucCmemMamu3ayito ma y3a2anbHeHHsA HAABHUX MeopemuyHuX
00Ci0HEeHb 3 memMamuKu cmammi, a Mmaxkox nedazo2iyHe
crocmepeMeHHA ma y3020/1bHEHHA 8/1aCH020 neda2o2iyHo20
doceidy wj000 MoOBMOpPeHHs ma cucmemamu3auii WKinbHo20
KypCy mamemamuku.

Pe3synemamu. Y pe3ynbmami aHanizy YuHHUX nNiopy4yHUKie ma
36ipHUKi8 0018 ni02omo8KU 00 308HIWHLO2O HE3ANEHHO20
OYiHIOBAHHA (3HO) y popmi HAUioHanb6HO20
mynemunpedmemHoz2o mecmy (HMT) 3 MamemamuKu 8usgneHo
pizHomaHimmsa  nioxodis 0o  peanizayii nomoyHozo U
nidcymkoso2o  nosmopeHHA.  3’ACOBAHO, WO  MiOPY4YHUKU
8iOPI3HAIOMbCA 30 HAABHICMIO, CMPYKMYpPOK ma 3micmosum
HAMOBHEHHAM pYybpuK 07 MOBMOPEHHA, 4 MeopemuyHi
mamepianu 0aa cucmemamu3ayii 3HaHb6 NPAKMUYHO 8i0CYMHI.
HaeyanbHi NOCIGHUKU, 30Kpema, KOMMAEKCHi 8UudaHHA 071
nidzomosku 0o 3HO (HMT), 4acmkoso KommeHcyloms yi
npo2anuHu,  npome  He  3abe3neyyloms  0OCMAMHLOI
dugpepenyiayii i nompebytoms akmusHoi y4acmi e4umens y
npouyeci do6opy mamepiany 01 3a6e3rneyeHHs HaneH Hoi AKocmi
nidcymKoso20 Mo8MopeHHA.

BucHOBKU. BcmaHoeneHo, W0 HAABHI nidpy4YHUKU ma
nocibHUKU 3 MamemMamuku sAuwe 4acmkxoso 3abe3nevyyrome
YMO8U 071 AKICHO20 NIOCYMKOB020 MOBMOPEHHS, HE OXOMAOYU
nompeb ougepeHuiayii ma 380pomHozo 38°A3Ky. EpekmusHicme
ybo20 emany HABYQHHA 3HAYHOK MIpPOK  3anexmums  8i0
npodeciiiHoi  malicmepHocmi  e4yumens ma  30amHocmi

Formulation of the problem. The article raises the problem of
inconsistency between the existing state regulations on the final
repetition and systematization of the school mathematics course
in the context of a competency-based approach on the one hand
and its practical implementation according to the current
programs and textbooks for senior grades on the other. Taking
into account cognitive theories of memory development and
challenges during the final testing of senior students in
mathematics, the relevance of researching effective approaches
to the repetition of educational material, which would contribute
to the reduction of educational losses and the proper formation of
mathematical competence and other competencies in accordance
with the concept of the New Ukrainian School (NUS), is
substantiated.

Materials and methods. Theoretical analysis of methodological
literature, ~ comparative  analysis,  systematization,  and
generalization of existing theoretical research on the topic of the
article, as well as pedagogical observation and generalization of
one's own pedagogical experience in repeating and systematizing
the school mathematics course, were used.

Results. As a result of the analysis of current textbooks and
collections for preparation for external independent assessment
(EIA) in the form of a national multi-subject test (NMT) in
mathematics, a variety of approaches to the implementation of
current and final repetition were revealed. It was found that
textbooks differ in the presence, structure, and content of review
rubrics, and theoretical materials for systematizing knowledge are
practically absent. Textbooks, in particular, comprehensive
publications for preparation for EIA (NMT), partially compensate
for these gaps, but do not provide sufficient differentiation and
require the active participation of the teacher in the process of
selecting material to ensure the proper quality of final repetition.

Conclusions. It has been established that the existing textbooks
and manuals on mathematics only partially provide the conditions
for high-quality summative repetition, not covering the need for
differentiation and feedback. The effectiveness of this stage of
learning largely depends on the professional skills of the teacher
and the ability to combine different sources and approaches. The
development of adaptive repetition technologies using digital
tools has been identified as a promising direction.

© The Author(s) 2025
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noedHysamu pi3Hi Oxcepena U nioxodu. [lepcnekmusHum
HanpAMoOM 8uU3HaYeHO po3pobKy adanmueHux mexHonoaili
n08mMopeHHsA 3 BUKOPUCMAHHAM Yugposux 3acobis.
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INTRODUCTION

The problem statement. Learning mathematics is a complex cognitive process, among the key functions of which is
memory, which ensures the accumulation, preservation, and reproduction of educational information. In the process of learning,
different types of memory are actualized: sensory, short-term (working), and long-term, the interaction of which ensures the
formation of stable knowledge and skills (Baddeley, 2000). Accordingly, effective learning is not only about how to learn but also
about how to promote the consolidation of knowledge and minimize the process of forgetting and loss of skills and abilities.

One of the central theories explaining the phenomenon of the decrease in the volume of learned material over time is
the forgetting curve proposed by G. Ebbinghaus (Ebbinghaus, 1885). According to these studies, a significant part of the
information is lost within a few hours of learning if strategies for its consolidation are not used. From the point of view of cognitive
psychology, repetition is considered a key mechanism for consolidating information in long-term memory. At the same time, the
effectiveness of repetition increases significantly when using distributed (interval) repetition (Cepeda et al., 2006; Kang, 2016),
which allows for strengthening memory traces and preventing rapid forgetting. In addition, the systematization of knowledge
contributes to the formation of cognitive schemes that provide a deeper understanding of inter-subject relationships and simplify
the reproduction of information (Sweller et al., 2011). In the context of mathematics education, systematic generalization of
material allows students to form stable neural connections and increases the level of mathematical competence. In turn, the
competency-based approach is a cross-cutting line of the key reform of the Ministry of Education and Science of Ukraine - the
New Ukrainian School (NUS). According to the NUS concept, competence is a dynamic combination of knowledge, skills, abilities,
ways of thinking, attitudes, values, and other personal qualities that determine a person’s ability to successfully socialize, engage
in professional and/or further educational activities (Verkhovna Rada of Ukraine, 2017).

Mathematics occupies a significant place in the main regulatory documents on education (Verkhovna Rada of Ukraine,
2017; Cabinet of Ministers of Ukraine, 2020; Cabinet of Ministers of Ukraine, 2024), in particular, mathematics is a mandatory
subject of external independent assessment (EIA) in the form of a national multi-subject test (NMT), the results of which are used
for competitive selection to higher education institutions. This confirms the importance of forming the mathematical competence
of school graduates as a necessary component of the formation of further professional skills. In this context, an important stage
of the comprehensive study of mathematics is the repetition and systematization of both individual sections and the entire school
course, since topics are included in the EIA (NMT) program in mathematics starting from the fifth grade (MES of Ukraine, 2019).
However, the method of implementing the final repetition of the school mathematics course is not strictly regulated by state
regulatory documents and therefore is carried out mainly at the discretion of the teacher within the limits of his professional
competence in accordance with the content of the educational program, taking into account the EIA program in mathematics.

However, preparation for testing is not the responsibility of general secondary education institutions (GSEI). Therefore,
it is quite difficult to determine whether the systematization and repetition of the mathematics course in GSEl is effectively
implemented, because even the EIA (NMT) indicators in mathematics are often not only the result of students' educational
activities within the school but also self-education, preparation with a tutor, or on courses, etc.

The development of the practice of preparing for the EIA (NMT) with a tutor or in courses may indicate both a high
awareness of graduates and their parents about the importance of mathematical knowledge and skills, and an insufficient level
of implementation of the final review in the secondary education system. The second option may be due, in particular, to the
lack of time for implementing the final review during the educational process. The current mathematics curriculum for students
in grades 10-11 does not provide for a separate time allocated for the final review, and its regulation can be carried out, for
example, at the expense of part of the reserved time (MES of Ukraine, 2017).

Thus, we see a discrepancy between the state's request for systematized knowledge and skills (competencies) of
graduates for the school mathematics course and the definition of the place of final repetition and means of its implementation
in regulatory documents. Therefore, there is a need to study and compare existing approaches to the repetition and
systematization of the school mathematics course, which can be implemented in the GSEI, as well as to identify the possibility of
their combination, improvement, and development.

The analysis of current research. Repetition and systematization are important components of teaching mathematics
as part of the educational process. In accordance with the Law of Ukraine “On Education” and the provisions of the concept of
the New Ukrainian School, the educational process in the field of complete general secondary education is organized on the basis
of a competency-based approach (Verkhovna Rada of Ukraine, 2017; MES of Ukraine, 2016). Even before the official introduction
of the competency-based paradigm into Ukrainian education (NUS), this approach was highlighted in the works of S. A. Rakov,
according to which: “Mathematical competence is not just mastering the content of the academic discipline, but the readiness
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to apply the acquired knowledge and skills in various areas of activity, which requires the integration of subject, operational and
reflective components” (Rakov, 2005).

To analyze the components of the educational and training process, in particular repetition and systematization in
teaching mathematics, it would be appropriate to refer to the Standards of Education and Model Programs of the National State
Educational Service. However, although the State Standard of Specialized Secondary Education has been adopted, which
regulates the educational process in senior grades, it will come into effect only in September 2027. Therefore, currently, senior
students study according to the State Standard of Basic and Complete General Secondary Education, approved in 2011 (Cabinet
of Ministers of Ukraine, 2011), and the corresponding educational programs.

Approaches to systematizing knowledge in mathematics and implementing final revision can be traced to the location
of relevant materials in mathematics textbooks for senior grades and in collections for preparing for the EIA in mathematics, the
analysis of which is given in the main part of this work. The need to analyze these tools, find new approaches, or adjust existing
ones is dictated by the results of the mathematics tests at the EIA in 2023 and 2024. The official report on the EIA in 2023 notes
that the statistical indicators of the EIA tasks have deteriorated compared to the corresponding indicators of the EIA tasks of
previous years, in particular, in tasks on the properties of functions, financial literacy, and stereometry (UCEQA, 2023). Also, in
the mathematics test, tasks to check the level of formation of basic skills and abilities and their application in standard situations
make up about 60% of the total number of tasks and, according to the results of the test in 2024, cause difficulties for test
participants. A low level of development of skills and abilities was demonstrated by participants from the content line “Functions”,
theoretical tasks on planimetry also turned out to be difficult (UCEQA, 2024).

The purposes of the article are to compare approaches to the revision and systematization of the school mathematics
course reflected in current textbooks and collections for preparation for the EIA (NMT) and, based on this comparison, to suggest
ways to improve them.

METHODS OF THE RESEARCH

To achieve the goals of the study, we use a theoretical analysis of methodological literature related to the chosen topic,
in particular, current programs and textbooks on mathematics for senior grades. We also apply empirical methods: observation
of the educational process in GSEI and analysis of the achievements of students in mathematics in these institutions. In this
article, we operate with different methods of scientific knowledge: comparative analysis to clarify different points of view on the
problem; systematization and generalization to formulate conclusions and recommendations for organizing the repetition and
systematization of the school mathematics course; we also summarize our own pedagogical experience and observations of other
specialists on the process of teaching mathematics in Ukrainian schools.

RESULTS OF RESEARCH

In the mathematics educational program for students in grades 10-11, the repetition and systematization of knowledge
and skills take a different place depending on the level at which students study this subject. The topic of generalization and
systematization is separately presented only for the profile level in the course of algebra and the beginnings of analysis, and
concerns the content line “Equations, inequalities and their systems”. For the remaining topics in profile classes and classes of
the standard level, repetition and systematization are not highlighted, but can be implemented at the expense of part of the
reserve time, the approximate distribution of which is given in Table 1.

The proportion of reserved time for repeating and systematizing knowledge and skills in mathematics for a high school
course depends on the characteristics of the cognitive abilities of students in a particular class or group, the organization of the
educational process, educational losses and gaps, opportunities, and methods for overcoming them.

Table 1. Time to review and systematize the knowledge of mathematics in upper secondary school

Algebra Geometry
Standard level Reserve: 7 hours Reserve: 7 hours
10th grade | Profile level Reserve: 22 hours Reserve: 18 hours
(in-depth study from grade 8)
Profile level Reserve: 24 hours Reserve: 18 hours
11th grade | Standard level Reserve: 18 hours Reserve: 14 hours
Profile level Reserve: 74 hours Reserve: 28 hours
(in-depth study from grade 8)
Profile level Reserve: 80 hours Reserve: 28 hours
+30 hours on the topic: "Equations,
inequalities and their systems.
Generalization and systematization."

Source: Own work.

Considering the means of repetition and systematization, we will divide them into organizational and content.
Organizational means of repetition include diagnostic work, online testing, including in a game format, mathematical dictations,
frontal questioning, and collective or independent problem-solving. In this article, we will focus on content means of repetition,
which include textbooks, collections of tasks from educational and methodological sets for studying mathematics (algebra,
algebra and the beginnings of analysis, geometry), collections of tasks for the state final attestation (SFA) in mathematics, manuals
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for preparing for the EIA examination (NMT) in mathematics, tasks for the external examination options in mathematics, author's
developments of complex or thematic tests in the format of the external examination in mathematics, educational videos,
summaries, flowcharts and other reference materials.

The main means of learning in secondary education institutions remains the textbook, and therefore it is logical to first
investigate the approaches to revision proposed by the authors of current mathematics textbooks (algebra and principles of
analysis, geometry) for grades 10 and 11.

Having analyzed the textbooks on mathematics (standard level), algebra and beginnings of analysis, geometry (profile
level) for grades 10 and 11, we identified the following variants of review rubrics: tasks for preparing to study a new topic,
questions for self-control at the end of a paragraph or point on studying a new topic; tasks for reviewing previously studied topics;
test tasks at the end of studying a section; tasks for reviewing the course of algebra and beginnings of analysis and the course of
geometry for grade 10 or the entire course of mathematics for grade 11. Table 2 provides information on the corresponding
rubrics in mathematics textbooks (standard level) by various authors.

Table 2. Repetition in mathematics textbooks for grades 10 and 11 (standard level)

M. Burda, A. Merzliak,
T. Kol k D. Nomi kyi .
Textbook author(s) G. Bevs, V. Bevs © t_asny ’ O. Ister omirovs .y|, Ye. Nelin
Yu. Maliovanyi, V. Polonskyi,
N. Tarasenkova M. Yakir
Grade 10 11 10 10 11 10 11 10 11
Tas!<s to prepare for studying a new B _ _ . . . . _ _
topic
Questions for self-control + + + + + + + + +
Review previously studied topics . . _ B _ . . _ B
tasks
Generalization of the theory to the
) + + - - - + + + +
section
Final test for the section + + + - + - + - +
Final review at the end of the year - + + + - + + - -

Source: Own work.

We can notice a different approach to both the current and the final repetition. In particular, some authors use
repetition tasks to update knowledge before studying a new topic, some put tasks for repeating previously studied topics in a
separate rubric, in the textbooks of the author team A. Merzliak, D. Nomirovskyi, V. Polonskyi, M. Yakir, both types of task
selections are combined, and in the textbook of Ye. Nelin, there is none of them. As for the final repetition of the school
mathematics course, it is natural that it can be carried out upon completion of the study of all topics, that is, at the end of grade
11, and we can observe the corresponding rubric for repetition in the textbooks of G. Bevz, V. Bevz, A. Merzliak, D. Nomirovskyi,
V. Polonskyi, and M. Yakir. So, working with these textbooks, the teacher has the opportunity to use tasks from them and
supplement or replace them with other means. When working with a textbook by O. Ister or Ye. Nelin, when planning a final
review, the teacher only needs to use other teaching aids.

The tasks for the final review in both textbooks are presented in the form of open tasks. At the same time, the textbooks
differ in the thematic distribution and quantitative composition of the proposed exercises. The topics listed for review in the
textbook by G. Bevz, V. Bevz: “Numerical expressions and functions, equations and inequalities” (88 tasks), “Lines and planes in
space” (13 tasks), “Derivative and integral” (27 tasks), “Geometric solids” (23 tasks), “Problems for the clever” (13 tasks) (Bevz
& Bevz, 2019). In the textbook by A. Merzliak, D. Nomirovskyi, V. Polonskyi, and M. Yakir's review tasks are divided into two
sections: problems for reviewing the algebra course (17 topics, a total of 207 tasks) and problems for reviewing the geometry
course (9 topics, a total of 145 tasks) (Merzliak, Nomirovskyi, Polonskyi & Yakir, 2019).

Theoretical material for systematizing knowledge by topics or content lines is not provided in any of the textbooks, so
the selection and design of appropriate materials for use in lessons is left to the teacher. One of the sources of concise, structured
theoretical information can be collections for preparing for the EIA (NMT) in mathematics. They can also be used to select tasks
for repetition. So let's consider the approaches to implementing repetition and systematization proposed in such collections.

According to the didactic purpose, the collections can be aimed at the thematic repetition of the school mathematics
course ((Zakhariichenko et.al., 2022), (Halperina et.al, 2022), (Zakhariichenko et. Al, 2021), (Ister, 2021), (Kozyra, 2023),
(Kapinosov, 2023), (Klochko, 2023), (Zabelyshynska et.al., 2024)) or at practical development of skills and abilities on complex
tests ((Zakhariichenko et.al, 2024), (Halperina, 2024), (Martyniuk, 2024), (Ister, 2024)).

Collections for thematic repetition of each author or group of authors have a fairly stable structure from year to year
and differ in minor corrections or adjustments. Let us consider the features of the collections offered by publishing houses during
the years of conducting the external examination in mathematics in the NMT format. In particular, let us pay attention to the
methodological approach to the order of presentation of topics, the ratio of consideration of algebra and geometry (sequentially
or in parallel), the use of open-form tasks for learning and training or various tasks in the EIA (NMT) format, the use of different
types of EIA (NMT) tasks in mathematics and the compliance of their form with modern requirements for these tasks, the
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presentation of theoretical material, examples of solutions and similar tasks for independent practice. The relevant information
on some collections is given in Table 3.

Table 3. Comparison of collections for preparing for the EIA (NMT) in mathematics

1 2 3 4 5 6 7 8
Open-ended training
. + + - + + + + +
exercises
Closed-form training
. - - + + + + + -
exercises
Thematic tests in the
external evaluation + — — + + + + —
format
Brief background .
. + + near tasks - + - in geometry -
material
Detailed summary of
- + - + + + + +
the theory
Availability of
examples of solving - + + + + + + +
problems
Similar options
+ - + + - - + -
Alternating algebra
. Sequentially[Sequentially|Sequentially [Sequentially|Sequentially |Sequentially| In parallel |Sequentiall
and geometry topics |-SauENtally|>equentially) sequentially) sequentiallyl>equentially sequentially) in p quentially
Comprehensive tests
. P On the
in the external + + - + + + - .
. website
evaluation format

1) Zakhariichenko, Shkolnyi, Zakhariichenko & Shkolna, 2022, 2) Halperina, Zabelyshynska, Y. Zakhariichenko, Karpik &
Shkolnyi, 2022, 3) Y. Zakhariichenko, Repeta, Markova & Karpik, 2022, 4) Ister, 2021, 5) Kozyra, 2023, 6) Kapinosov, 2023,
7) Klochko, 2023, 8) Zabelyshynska, Zakhariichenko & Karpik, 2024

Source: Own work.

So, as we can see from the table, in most collections, the topics of algebra and geometry are presented sequentially,
and at the end, there are tasks in the format of an EIA, or there is a call to take such a test on the publisher's website. Some
authors choose the approach of training on open tasks, trying to avoid replacing learning with guessing answers, and some adhere
to the strategy of training specifically on tasks in the format of an external examination. Most collections contain a detailed
presentation of the theory, and some of them are convenient short reference materials. Most manuals also provide examples of
solving tasks, although such examples for the student can also be options solved together with the teacher from those collections
that contain similar options for tasks.

In our opinion, none of the manuals provides fully differentiated independent training for students of different levels
of knowledge and skills in mathematics, which is why the materials considered can become an effective tool for repetition and
systematization only under the teacher's control or at least with his consultation. Thus, at the stage of repetition and
systematization of knowledge and skills in mathematics, the main role of the teacher is to qualitatively diagnose the student's
knowledge and effectively select the means of learning and repetition offered on the educational market, the number of which
is only increasing every year.

CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

As a result of the analysis of mathematics textbooks (standard level) for 11 grades on the subject of the approach to
implementing final repetition, it was found that tasks for this type of repetition are available in the textbook by G. Bevz, V. Bevz
(covering some topics of the school mathematics course) and A. Merzliak, D. Nomirovskyi, V. Polonskyi, M. Yakir (covering all
topics of the school mathematics course of the standard level, the sequence of topics mostly coincides with the sequence of their
study). In the case of working with another textbook or if it is necessary to diversify the forms of tasks or differentiate tasks by
complexity, the teacher can choose, in particular, collections for preparing for the EIA (NMT) in mathematics to implement final
repetition. Such collections by different authors differ in the sequence of presentation of topics, the forms of tasks, the presence
of examples and similar options, and level differentiation, and they are also designed for students with different previous
mathematical training. However, no collection fully meets all the needs for high-quality systematization of students ' knowledge,
not least because it does not provide feedback.

Therefore, an essential component for ensuring the proper quality of repetition and systematization of the school
mathematics course is the pedagogical skill of the mathematics teacher and his ability to combine different approaches to
repetition and systematization, taking into account the characteristics of the class. Indeed, no single textbook or teaching aid can
provide both the preparation of students for the EIA (NMT) in mathematics and the final synthetic formation of their
mathematical competence and other key competencies provided for by the NUS concept. Also, one of the problems of proper
organization of systematization and repetition of the school mathematics course is the difficulty of ensuring an individual
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approach for students of different levels of educational achievements in the short term that can be allocated for the
implementation of this repetition.

Therefore, we propose to use a combined approach for final revision, which consists in using the resources of the
textbook, study guides, and materials for preparing for the EIA (NMT) in mathematics, using the advantages of each of these
guides described above in accordance with the capabilities of the class or individual student. We also see prospects in developing
an adaptive approach for the revision and systematization of the school mathematics course, in particular, using digital
technologies. Our further research will be devoted to this topic.
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