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METHODOLOGICAL ADVICES ON PREPARATION FOR EIA IN MATHEMATICS IN MODERN CONDITIONS

ABSTRACT

Formulation of the problem. For more than a decade of active use, external independent assessment of academic achievement (EIA) from an
experimental alternative to final and entrance exams has become one of the key national types of assessment, which performs
both the functions of state final attestation for secondary school and the main tool for competitive selection to the country's
universities. Thus, in modern conditions, the relevance of research on ways to improve the methodology of preparation for
external assessment in mathematics is undeniable.

Materials and methods. To achieve the goals of the article, we use empirical methods: observation of the educational process of secondary
school students and specially organized courses in preparation for the external examination in mathematics, as well as analysis
of the results of their achievements. The study also used a set of scientific recognition methods: comparative analysis to clarify
different views on the problem; systematization and generalization for the formulation of conclusions and methodological advices
on preparation for national standardized assessments of educational achievements in mathematics; generalization of the
author's pedagogical experience and observations.

Results. Since 2008, when the EIA in mathematics became the only possible form of entrance examination, it was extremely important for
applicants not only to systematize knowledge of the school course of mathematics, but also to study the features of the form of
representation of the test item. In particular, students were unfamiliar with the specifics of solving problems with alternatives,
which were a significant part of the first tests of external assessment and were checked without human influence. In the first
years of the introduction of EIA in mathematics, solving a large number of such problems allowed students to stop being afraid
of them. But over time, as students in the school process began to constantly encounter these tasks, the negative side of excessive
enthusiasm for them began to appear itself more and more. Nowadays, when solving a problem with alternatives, the students
often tries not to reason, not to apply their knowledge, but are focused solely on getting the right answer. Thus, in the process of
overemphasizing students' attention to the peculiarities of the forms of test tasks, the real aims of the process of preparation for
testing in mathematics were replaced by erroneous ones. Indeed, instead of repeating and organizing the knowledge acquired by
students during their studying in the school, the process of preparation for the external assessment began to reduce to teaching
this student various methods of obtaining the correct answer. We suppose that such an approach to preparing for the EIA in
mathematics is fundamentally wrong and offer readers 7 advices that will help to achieve the true goal of this type of assessment
— to identify students' general and professional competencies, manifested through mathematical knowledge and ability to apply
them in practice.

Conclusions. We express all the methodical advices given in the work from the point of view of the author's experience and cannot claim
universality, but we consider it expedient to share our own achievements in this field and we will be glad when the described
approaches agree with readers in their professional activity. We have implemented all these tips during the writing of a new
manual for preparation to the external assessment in mathematics. We also sincerely hope that this manual will help students,
independently or with the help of a teacher, to carry out a proper systematic repetition of the material of the school course of
mathematics.

KEY WORDS: EIA in mathematics, SFA in mathematics modern conditions, methodical advices, senior school, educational achievements of
students.
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INTRODUCTION

Formulation of the problem. External independent assessment of academic achievements (EIA) has now become a
powerful tool for ensuring equal access to quality education for Ukrainian graduates. For more than a decade of active use, it has
grown from an experimental alternative to final and entrance exams to one of the key national types of assessment, which
performs both the functions of state final attestation for secondary school and the main tool for competitive selection for all
universities in Ukraine.

It is clear that during its existence, the EIA has evolved in accordance with the changes that have taken place in Ukrainian
society in general and in pedagogical science in particular. For testing in mathematics, these changes concerned, first of all, the
content and forms of test tasks. In particular, the number of tasks for the application of mathematical knowledge in practice, in
real life was grown. Also tasks for the application of abstract theories have become less technically cumbersome, without losing
its mathematical sophistication and beauty. Due to these changes, the existing system of preparation for the external assessment
in mathematics began to need to be reformed.

Analysis of current research. Currently, many well-known methodologists deal with the problems related to the process
of preparation for the external examination in mathematics in Ukraine. Valentyna Bevz, Oksana Bukovska, Daryna Vasylieva,
Albina Halperina, Oksana Yergina, Oleksandr Ister, Anatoliy Kapinosov, Vadym Karpik, Iryna Markova, Arkadii Merzliak, Yevhen
Nelin, Dmytro Nomirovskyi, Oleksandr Repeta, Oleksii Tomashchuk, Mykhailo Yakir and others constantly publish their research
in this direction (see, for instance, (Bevz, 2018), (Ister, 2019), (Kapinosov et al., 2019), (Rohanin, 2019), (Zakhariichenko et al.,
2019a) etc).

For the last 15 years, our team of authors consisting of the authors of this article together with the PhD in Mathematics
Liliana Zakhariichenko, a methodologist in mathematics at UTsOYaO, and Olena Shkolna, a mathematics teacher of the highest
category at “Universum” lyceum (Kyiv), are actively working on methodological support for the process of preparation for
independent assessment in mathematics. During this period, we have published more than 100 articles and textbooks on this
topic. In particular, the monograph Shkolnyi 2015 is devoted to the theory and methodology of assessing the academic
achievements of senior school students in Ukraine, and the most popular for us in preparing students for EIA in mathematics is a
methodical set of manuals (Zakhariichenko et al., 2019b) and (Zakhariichenko et al., 2019c).

The purpose of this article is a theoretical rethinking of the goals, objectives and features of the EIA in mathematics in
Ukraine and the formation of advices based on it to modernize the preparation of students for this type of testing in modern
conditions.

MATERIALS AND METHODS

To achieve this aim we use the theoretical method of analysis of methodological literature on the research question. We
also exploit some empirical methods: observation of the educational process of secondary school students and specially
organized courses in preparation for external examinations in mathematics, as well as analysis of their achievements. In this
article, as well, we use a set of methods of scientific knowledge: comparative analysis to clarify different views on the problem
and determine areas of research; systematization and generalization for the formulation of conclusions and recommendations
for the preparation of national standardized assessments of academic achievement in mathematics; generalization of the
author's pedagogical experience and observations.

RESULTS

Since 2008, when external independent assessment in mathematics became the only possible form of entrance
examination (see (Shkolnyi, 2015) and (Shvets et al., 2020)), it was extremely important for applicants not only to systematize
knowledge of the school course of mathematics, but also to study a peculiarities of the test item representation form (with an
alternatives (MCQ), with a short answer (SA), to establish correspondences (finding logical pairs) and with a full explanation).
Detailed consideration of such features was natural, because traditionally in school for the assessment of students' academic
achievements for a long time used only tasks with a full explanation, which were checked by teacher. Students were especially
unfamiliar with the specifics of solving multiple choice and short answer problems, which were a significant part of the first tests
of external assessment and were checked without human influence. Therefore, most of the first manuals for preparation for EIA
focused on these forms of test tasks (see (Bohdanova, 2007), (Galperina, 2008) etc).

Using of problems with alternatives and short answers in the tests of external assessment in mathematics, apparently,
was due to the lack of influence of the human factor on the results of their evaluation. In fact, when checking tasks with a full
explanation, even with the correct answer, the teacher could lower the grade for that task based on his or her own subjective
reasons. Even now, when checking open-ended tasks from the form B of the EIA test, ambiguities often arise, leading to
differences of 1-2 points in the assessment of the 4-point task by the first and second check.

Consider as an example the 33rd task of the test of external examination in mathematics in 2020.

33. Let f(x) = 1 and g(x) = sin x. Perform tasks (1-3) in one figure.

1. Plot the function graph f.

2. Plot the function graph g on the segment [—%; %]

3. Mark a point in the figure that is common to both constructed graphs of functions f and g and write its coordinates.

4. Find the set of all roots of the equation f(x) = g(x) on the interval (—o0; +0).

Even with carefully designed assessment schemes for this task, teachers had many problems during the check. For
example, if one of the graphs of the functions is represented by a dotted line in the joint figure, can it be assumed that it is plotted
correctly? There were no guidelines in the assessment schemes for this case, and this is natural, because it is impossible to predict
in advance all possible options for student’s solutions. But from this decision the fate of 2 points depended, because 1 point for
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the item 3 was credited only if both graphs of functions are correctly constructed and the coordinates of the point of their
intersection in the explicit form are correctly founded and recorded.

It is clear that in the conditions of verification of standardized test, such controversial points are quickly agreed and a
unanimous interpretation is adopted for all such works, as, in fact, was done in this case. However, imagine that there are not
only 3 such tasks to check, but much more! Obviously, in this case it is much more difficult to avoid completely subjectivity during
the assessment, due to the technical complexity of coordinating the actions of all checkpoints and all examiners. This is where
the tasks with alternatives and short answers come to the rescue, which are checked by machine, and therefore, subjectivity in
their evaluation is fundamentally impossible.

However, the tasks of these forms of representation have their own drawbacks. The main disadvantage of this is that
when using such tasks, the teacher often cannot understand what the student who gave the wrong answer does not know. This,
in turn, leads to a significant weakening of teacher-student feedback in the learning and preparation process, and thus to a
deterioration in both the quality of the preparation process and the test results.

In the first years of the introduction of EIA in mathematics, solving a large number of problems with alternatives and short
answers allowed students to get used to such problems, stop being afraid of them, and so on. But over time, when students in
the process of learning at school constantly encounter these tasks in textbooks, dealing with tasks of such forms in the usual
control work of different kinds, the negative side of excessive enthusiasm for them began to manifest itself more and more. The
author's experience of preparation for EIA shows that now quite often during solving a problem with alternatives the student
tries not to reason, not to apply their knowledge, for example, to build a mathematical model of a real situation, but focused
solely on getting the right answer.

Various methods of guessing answers to test tasks, to which we drew readers' attention in our articles (see
(zakhariichenko, 2009) and (Shkolnyi, 2012)), have also become extremely widespread. Referring again to the EIA test in
mathematics in 2020, we give task 7 as an example of the manifestation of such trends.

7. Solve the equation x?> — 4x + 3 = 0.

A B C D E

—4;3 1;3 -3;-1 -2;3 -1;4

Problem 7 is easier to solve by one of the known algorithms studied in school (by the formula of roots or using the theorem
inverse to the theorem of F. Viet), than to perform the substitution of the roots from the alternatives in a given equation, but we
know many cases such way of “solving” this problem.

Thus, we can state that in the process of overemphasizing students' attention to the peculiarities of the forms of test
tasks, the real aims of the process of preparation for testing in mathematics were replaced by erroneous ones. Indeed, instead of
repeating and organizing the knowledge acquired by students during their studying in the school, the process of preparation for
the external assessment began to reduce to teaching this student various methods of obtaining the correct answer and finding
some “markers” that point to it. Some tutors have even begun to build the entire system of preparation for testing in this way.
In particular, before solving each individual test task, they ask students: “What did the authors of the test task want to catch us
here?” In our opinion, such an approach to the preparation for the external examination in mathematics is fundamentally wrong
and puts, so to speak, upside down the very idea of independent assessment, which is to identify students' general and
professional competencies manifested through mathematical knowledge and ability to apply them in real life practice.

How to overcome the inflections that have arisen and make the process of preparation for the external examination in
mathematics appropriate and relevant to its goals? Of course, there is probably no single and well-defined way to achieve this
aim. However, based on the author's experience, we can provide some methodological advices, which, in our opinion, will help
ensure the quality of preparation for the EIA in mathematics in modern conditions.

Advice #1. Whereas most of the test participants are already accustomed to the forms of test tasks representation, we
propose to use for the systematization and repetition of the school course of mathematics only tasks with a full explanation. They
allow the teacher to find out how well the student understands the essence of the data repeated and to find out what he or she
does not understand if he or she cannot solve the problem. Moreover, even using traditional EIA preparation manuals, the
teacher often uses the task of any form of presentation as a task with a full explanation, requiring the student not only to indicate
the correct answer, but also the way in which he or she has received it. This is important, because quite often the correct answer
can be obtained by accident, making a few mistakes that, so to speak, “compensate” each other. By conducting a mathematical
dialogue between teacher and student in solving a problem, we demonstrate the beauty of mathematics, including its application
in various fields of human activity. This is the way for creation of additional motivation for students.

Advice #2. Since the EIA test in mathematics for the above reasons can not only contain problems with a full explanation,
but still contains problems of various forms, it would be at least carelessly to completely ignore them. Although the features of
each form of test tasks are considered during the learning process, they need some attention as well. In our opinion, it is best to
do this at the end of each individual content block by conducting a thematic test, which contains tasks of all forms used in the
independent assessment. It is also natural to consider the peculiarities of the forms of test tasks immediately before passing the
test, solving the combined tests in the format of the EIA test, which awaits students in each specific academic year.

Advice #3. In our textbooks on preparation for external assessment (see (Zakhariichenko et al., 2019b) and
(zakhariichenko et al., 2019c)) we divide the repetition course into 10 sections according to the main content lines of school
mathematics. The titles of these sections are “Numbers and expressions”, “Functions and their graphs”, “Equations and systems
of equations”, “Inequalities and systems of inequalities”, “Text problems”, “Elements of mathematical analysis”, “Geometry on
the plane”, “Geometry in the space”, “Coordinates and vectors”, “Elements of combinatorics and stochastics”. Of course, there
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are other ways of such a division, but the way described above allows us to constantly repeat the previously studied material
during the study of the next sections, and therefore, constantly keep students, so to speak, in tone. For example, the use of
trigonometry is present in sections 1, 2, 3,4, 6, 7, 8 and 9, i.e. in almost all sections of the manual.

Advice #4. At the beginning of the repetition of each of the sections, it is desirable to refresh the students' memory by
the most important theoretical material, and it should be done briefly and taking into account their level of preparation. Indeed,
individual formulas and facts are ancillary and rarely used in testing. This is especially true for geometric data, because it is so
diverse that it is almost impossible to fully cover it during a time-limited course of preparation for external assessment. It is clear
that certain additional facts can help to solve some test problems faster. For instance, if student know the formula
a? + b% = (a + b)? — 2ab, then he or she can significantly simplify solving process for the following problem: “Let x; and x,
are the roots of the equation x? — 5x — 1 = 0. Find out the value of the expression x? + xZ.” However, it is obvious that this
problem can be solved rather simply without using the mentioned formula. At the same time, excessive overloading of poorly
prepared students with formulas can lead to fear in them both of a particular topic and of the whole test. Therefore, in this
situation the teacher should rely on experience, intuition, as well as to show his or her pedagogical skills. For example, with some
students, it is advisable to practice the skills at the beginning of the repetition of a certain section with the help of a system of
oral exercises that the teacher has to create, taking into account the mathematical potential of the child.

Advice #5. To implement the didactic principle of individualization of education (Vashchenko, 1997) during group work in
preparation for the external examination in mathematics, we divide the training tasks into three parts according to the level of
difficulty. The tasks of Part 1 roughly correspond to the initial and average level of mathematical training of the student, the tasks
of Part 2 — sufficient, and the tasks of Part 3 — high. Having sets of tasks of different levels of complexity, it is easier to organize
work in mixed groups. After reviewing the theoretical data and analyzing the simplest typical tasks that everyone needs, we can
give students tasks for independent work that correspond to the level of their preparation and require extreme stress on their
mental abilities. As is known (Krutetskiy, 1968), it is under such conditions we can obtain the progress in learning and developing
abilities of the students.

Advice #6. It is very convenient to put all training tasks in pairs. For example, task a) the student performs together with
the teacher, and similar task b) is given to him to consolidate the acquired skills and abilities. For the relatively simple tasks of
Part 1, intended for students with poor training, the tasks in pairs naturally choose the same level of difficulty, slightly changing
the condition. This allows you to consolidate the ability to follow the example, repeating the basic theoretical data and working
out algorithms for solving the simplest problems. Note that for very “weak” students should use not only pairs, but threes, fours
and so on. Task b) for more complex problems from Part 2 and Part 3 should be more significantly different from task a) and be
somewhat more difficult. Then for students with an average level of preparation, task a) can be performed together with the
teacher, and task b) the student performs independently. For “strong” students we can immediately give a more complex task b)
for their self-study, if necessary, making the necessary adjustments. With some students, it is enough to discuss the algorithm,
the sequential steps of solving task a), after which they will perform task b) at home.

Advice #7. The implementation of the didactic principle of clarity (Vashchenko, 1997), in our opinion, will contribute to
the use of a large number of graphs, diagrams, drawings for problems etc. In order to save time on solving training tasks, it is also
convenient to use geometric problems with ready-made drawings for them. This approach is natural, because the test notebook
that students receive during the independent assessment in mathematics also contains many drawings. Adequate perception of
graphical data is also extremely useful for the student who lives in a modern technological society, where this way of presenting
data is becoming increasingly dominant.

CONCLUSIONS

We express all the methodical advices given in the work from the point of view of the author's experience and cannot
claim universality. Of course, it is natural that each teacher must have his or her own unique methodology of preparation to the
external examination in mathematics. However, we consider it expedient to share our own achievements in this field and we will
be glad when the described approaches agree with readers in their professional activity.

Note also that we have implemented all these tips during writing of a new manual for preparation for the EIA in
mathematics (Zakhariichenko, 2020), which we offer to the attention of all professionals working in this field. We sincerely hope
that this manual will help students independently or with the help of a teacher to systematically repeat the material of the school
course and properly prepare for the external examination in mathematics. We are always ready for constructive discussions in
the field of organization and preparation for independent assessment and will be grateful to readers for comments or comments
that can be sent directly to our e-mail addresses.
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METOAM4YHI NOPAAM LLOAO NIATOTOBKK A0 3HO 3 MATEMATUKU B CYHYACHUX YMOBAX
0.B. LIKonbHuli, KO.0. 3axapiiiyeHKo
HI1Y imeHi M.T1. A pazomaHosa, HaYKMA, YkpaiHa

AHOomayis.
@PopmyniosaHHA npobaemu. 3a binbw HiX OecAmMuUnimma AKMUBHO20 BUKOPUCMAHHA 308HIWHE He3anexHe OYiHIBAHHA HABYAAbHUX

docseHeHb (3HO) 3 ekcriepumeHmManbHOI anbmMepHamueU 8UMyCKHUM ma 86CMynHUM iCAUMAm nepemeopusiocs Ha 00UH i3 KAKY08UX
302a716HO0epHasHUX 8UOI8 OUIHIOBAHHSA, AKUL BUKOHYE AK hyHKUiIT OepicasHOi NidcymKosoi amecmauii 3a Kypc 3a2asn6HO0C8IMHbOI
WwKonu, mak i pyHKYil 0CHOBHO20 IHCMpyMeHmMy 047 NposedeHHA KOHKYpCcHo20 8idbopy 0o yHisepcumemis KpaiHu. Omike, 8
CyYacHUX ymoeax akmyasoHicme AocnioxeHs wo0o crnocobie yoocKoHasneHHA memoduku nidzomosku 0o 3HO 3 mamemamuKu €
He3anepeyHoro.

Mamepianu i memodu. [na docazHeHHA yineli cmammi Mu 30CMOCOBYEMO eMMipuYHi Memoou: cocmepexeHHs 3d Ha8YasabHUM MPOUECcOM

Y4Hi8 302a/6HO0C8IMHIX WKIiA | crneyiasbHO 0p2aHi308aHUX Kypcie no nidecomosyi 0o 3HO 3 mamemMamuKu, @ MAKOX aHasi3
pe3ynbmamig ixHix 0ocsAzHeHb. Y 00CMiOH(eHHi MAKOX BUKOPUCMAHO KOMIMAEKC Memoodie HAayKo8020 Mi3HAHHA: MopieHAAbHUl
aHani3 04 3’ACY8aHHA pi3HUX no2aadie Ha npobaemy; cucmemamusauis ma y3a2asnbHeHHA 044 hOpMyatoBaHHA BUCHOBKIE i
memoou4Hux nopad w000 Mi02omosKku 00 302a76HOOEPHABHUX CMAHOAPMU30B8AHUX OUIHIOBAHb HABYALHUX OOCA2HEHL 3
MamemMamuku; y3a2anbHeHHs a8MmopcbKoz2o nedazoziyHo2o 00ceidy i crrocmepexceHs.

Pe3ynemamu. lNoyuHato4u 3 2008 poky, Konu 3HO 3 MamemMamuKu cmasno EOUHO MOM(IUBOIO (hoPMU 8CMYMHO20 8UNPoby8aHHsA, Ha038U4aliHO

s8ax1ugoo 0714 abimypieHmie 6yna He Auwe cucmemamu3ayis 3HAHb 3i WKINbHO20 Kypcy mMamemamuku, a U eusvyeHHsA
ocobsiugocmeli popmu ModaHHA mecmosozo 3a80aHHA. Ocobaueo y4Hi 6yau masno 3Haliomi 3i ceyugikoro po3e’a3y8aHHs 3a80aHb
i3 anemepHamusamu, AKi ckaadanu 3Ha4Hy YacmuHy nepuwiux mecmig 3HO i nepegipsanuca 6e3 yyacmi AoduHu. Y nepwi poKu
8nposadxceHHA 3HO 3 MamemamuKu po3e’a3y8aHHsA 8es1UKOI KinbKOCmi makux 3a80aHb 0038014710 Y4YHAM nepecmamu ix 6oamucs.
Asnle 3 YaCOM, KOAU Y4Hi 8 MPoyeci HABYAHHA 8 WKOI noYaau nocmiliHo 3ycmpiyamuca 3 yumu 3a800HHAMU, HeaamusHuli 6iK
HAOMIpHO20 3aX0MNAeHHA HUMU 1o4Yas npossasmucsa ece binbwe. 3apas npu po3e’a3y8aHHi 3a80aHHA 3 AbMeEPHAMUBAMU Y4eHb
documbe 4acmo HAMGA2AEMbCA He MpPosooOUMU MIPKYBAHHA, HE 3aCcmocos8y8amu C80i 3HAHHA, a OpPiEHMOBAHUU BUKMAOYHO HaA
OMPUMGAHHSA NPAsUsbHOI 8i0no8idi. TAKUM YUHOM, y npoueci HAOMIPHO20 aKYeHMYBAHHSA yeaau y4YHie Ha ocobausocmsax ¢opm
mecmosux 3ae0aHb 8idbynaca niomiHa memu npoyecy Nid2omosKku 00 mecmy8aHHA 3 MAMEMAMUKU — 3aMiCMb 108MOPEHHA ma
8rnopsAOKY8aHHA HAbYymMuUxX yyHem id Yac HABYAHHA 8 WKOAI 3HaHb npoyec nidcomosku 0o 3HO no4as 3800umMuct 00 HABYAHHA
U4b020 YYHSA PIBHOMAHIMHUM MPUGOMaM OMPUMAHHA NpasusbHoi 8idnosidi. Mu esaxcaemo, wo nodibHuli nioxio Ao nideomosKku 00
3HO 3 MamemamuKu € NPUHYUNO80 XUOBHUM i MPOMOHYEMO y8a3i yumayie 7 MemoOu4HUX Nopaod, AKi cnpusmumyme 00CA2HEeHHHO
Crpas#HbOi MeMu 4b020 8UOY OUIHIOBAHHA — BUAB/EHHIO 8 Y4YHI8 ChOPMOBAHUX 302asbHUX i haxosux KomnemeHmHocmel, wo
MPOoABAAIMbCA Yepe3 MamemMamuY4Hi 3HaGHHA Ma 8MiHHA 3ACMOCO8Y8aAMU iX HA MPAKMUUY.

BucHoeKu. Yci HasedeHi 8 pobomi memoOuyHi nopadu eucnosneHi 3 nos3uyili aemopcoeko2o 0oceidy | He MoMyme npemeHOysamu Ha

yHigepcanbHicme, ane Mu 88aXAEMO OoyinbHUM nodinumuca eaacHumu 3006ymkamu 8 yili cpepi G 6ydemo padi, Koau onucaHi
nidxodu 3200ameca Yuma4vam y npogpeciliHili dianbHocmi. Yci nepesnivyeHi nopadu peasnizo8aHo HaMU i@ 4ac HAMUCAHHA HO8020
noci6Huka 3 nidzomosku do 3HO 3 mamemamuku. Mu wupo crnodisaemocs, wo yeli nocibHUK A0NoMoxe YyYHAM camocmiliHo Yu 3
donomozoro 8yumesns 30ilicHUMU HasnexHe cucmemamuyHe No8MOoPEHHA Mamepiasny WKifnbHO20 Kypcy MamemMmamuku.

Kntouosi cnoea: 3HO 3 mamemamuku, 1A 3 MamemamuKu, Cy4acHi ymosu, memoduyHi nopadu, cmapwa WKosa, Hag4asnbHi 00CA2HEHHSA Y4HI8.
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