AKmyaavHi numaHHA npupodHu4o-mamemamu4Hoi oceimu. 2019. Bunyck 1(13)

PO31JI 1. AKTYAJIBHI IMTAHHSA NIJIBUIMEHHSA SKOCTI HABYAHHS
JUCIUIIVIIH TPUPOJHNUYO-MATEMATHYHOI'O HUKJTY
B IIKOJIT TA BUIIIUX HABYAJIBHUX 3AKJIAJIAX
PI3HUX PIBHIB AKPEJIUTAIIII

UDC 372.851
DOI 10.5281/zen0d0.3547758
O. Shkolnyi
ID ORCID 0000-0002-3131-1915
National Dragomanov Pedagogical University
Yu. Zakhariychenko
ID ORCID 0000-0001-7436-3435
National University «Kyiv-Mohyla Academy»

MODERN THEMATIC PREPARATION FOR EIA IN MATHEMATICS
IN UKRAINE: NUMBERS AND EXPRESSIONS, FUNCTIONS

The relevance of research on the thematic preparation for the EIA in mathematics in
modern Ukrainian realities is not in doubt. Based on the experience of systematization and
repetition of the school course in mathematics, we have proposed dividing the entire course of
mathematics into 10 thematic semantic blocks: “Numbers and Expressions”, ‘“Functions”,
“Equations and Systems of Equations”, “Inequalities and Systems of Inequalities”, “Text
Problems”, “Elements of mathematical analysis”, “Planimetry”, “Stereometry”, “Coordinates
and vectors”, “Elements of combinatorics and stochastics”.

In the article, we propose thematic tests to the first two substantial blocks (“Numbers and
Expressions” and “Functions”), as well as the answers to them. In addition, we solve the basic
tasks of these tests and give methodological comments on these solutions. We are convinced that a
properly organized thematic repetition of the school course in mathematics will allow teachers to
excel in preparing students for independent testing in mathematics.

Key words: IEA in mathematics, SFA in mathematics, thematic preparation, educational
achievements of students, thematic tests, basic tasks, numbers and expressions, functions.

Formulation of the problem. External Independent Assessment (EIA) is now the main
instrument of assessing the quality of mathematical preparation for Ukrainian graduates. In
particular, it is used for conducting the State Final Attestation (SFA) of academic achievements of
senior school students, as well as as a tool for competitive selection of applicants to Ukrainian
universities. Therefore, there is no doubt about the relevance and the need for research on various
aspects of preparation for the EIA in mathematics.

One such aspect is the systematic and thematic repetition of the school mathematics course.
Based on our many years of experience in preparing for EIA, during this repetition we divide the
whole mathematics course into 10 thematic blocks: «Numbers and Expressions», «Functionsy,
«Equations and Systems of Equations», «Inequalities and Systems of Inequalities», «Text
Problemsy», «Elements of mathematical analysis», «Geometry on the plane», «Geometry in the
Space», «Coordinates and vectors», «Elements of combinatorics and stochasticsy.

It is this division that allows repeated repetition of the same material throughout the
preparation process for the EIA. For example, the transformations of trigonometric expressions
are repeated during the study of thematic blocks 1, 2, 3, 6, 7, 8 and 9. This permits the teacher
constantly, as one said, to keep the student in a tone, when he would forget something, but he
can’t do this, because proposed thematic training system doesn’t allow it.

Analysis of current research. The problem of preparing students for EIA in mathematics is
systematically considered in scientific and pedagogical publications. Constantly publish the
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results of their research in this area of research Valentyna Bevz, Mykhailo Burda, Hryhoriy
Bilyanin, Olga Bilyanina, Olga Vashulenko, Larysa Dvoretska, Oxana Yergina, Oleksandr Ister,
Vadym Karpik, Arkadiy Merzlyak, Yevgen Nelin, Victor Repeta, Oleksiy Tomaschuk, Mykhailo
Yakir and others. During the last 15 years, our author’s team has been constantly working to
provide methodological support for the process of preparation for the EIA in mathematics. The
theory and methodology of evaluating the academic achievement of senior school students in
Ukraine is described in the monograph [1]. For the repetition and systematization of the school
mathematics course, we use the methodological set of manuals [2] and [3]. Previously, we have
considered certain aspects of thematic preparation for independent testing, but since then the
contingent of EIA participants has changed significantly, as well as the methodological views of
our author’s team on this problem are also evolved.

The purpose of the article. The purpose of this article is to provide methodological advice
to teachers and tutors regarding the thematic preparation of graduates to EIA in mathematics. In
particular, we present in this article two thematic tests related to the topics «Numbers and
Expressions» and «Functions», and also provide a solution of the some basic tasks of these tests
with methodical comments for them.

Research methods. In order to achieve this goal we use in this paper some theoretical
methods, such as an analysis of methodological literature on the research subject. Also we apply
some empirical methods: observation of the training process of the students during their studying
on training courses for the EIA in mathematics and analysis of the results of their achievements.
The research also used a set of methods of scientific cognition: a comparative analysis to find out
different views on the problem and determine the direction of research; systematization and
generalization for the formulation of conclusions and recommendations; generalization of author’s
pedagogical experience and observations.

Presenting main material. We believe that in preparing for the EIA, it is advisable to
refrain from a variety of problem forms in the repetition and systematization of the material of
each topic, limiting only to open-ended tasks with full explanation, as they are the most effective
for teaching mathematics and feedback. However, after completing each of the 10 thematic
blocks, it is natural to carry out a diagnostic thematic test in which to use all forms of test tasks
inherent in the EIT math test.

Thematic test «Numbers and Expressionsy.

Tasks 1-7 have five answer choices, only one of which is correct. Choose the correct
answer, in your opinion.

1. Calculate: (0,2-1):0,04.

A B C D E
- 0,02 0,02 -0,2 20 —20
1 11
2. —+=-==
2 34
A B C D E
5 7 2 1 3
24 12 14 24 9
3. x® —5x _
5X
B C D E
Na x> —1 X—5 X—5 X
5 X 5
4. Specify the expression whose numeric value is the smallest.
A B C D E
2B 322 NG NEINE 3.2

5. (X2)82X4:
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A B C D E
420 5 ¥ y12 W4
X2
6. Simplify the expression: (c052 a—sinz(—a))-tg(Za).

A B C D E
cos? 2a sin? 2a sin2a t9(2c) Cos 2a
sin 2a CO0S2cx

7. Simplify the expression 3a+4+ (3a+1)2 ,if 3a+1<0.
A B C D E
3 5 6a+3 6a+5 9a®+9a+5

In Task 8 for each of the three rows of data marked with numbers, select the one
correct, in your opinion, variant marked with a letter.

8. Match the expression (1 — 3) to its numeric value (A — E).

Expression Numeric value of expression
. (LJ A
Yo e
2 6sin15°c0s15° B —
1
3 logg 2—logg =
J6 J6 3 c 2
3
D1
g3
2

Solve Tasks 9-11. Record the numeric answers you received in decimal or integer.

9. We know that a =9b? +1254/2 . Find the expression values:
1) (a+3b\)/(§a—3b) ; 2) logs (a+3b)+logs (a—3b)—0,5logs 2.

4
10. Find p, if 2\/5:2".
\/JE

2
11. Calculate: 9'9° +log;,, ~/11.

Solve Task 12. Write down sequential logical actions and explanations of all stages of
task solving, make reference to the mathematical facts from which one or another statement
follows. If necessary, illustrate the task solving with drawings, graphs, etc.

12. We know that sinx+cosx=-1,2. Find the expression values:

1) sin2x; 2) sin® X +cos® X.
Answers to test «Numbers and expressions
11234 ]5]6|7 8 9 10 11
E|IB|C|]A|D|C]A 1-C;2-E;3-D 1)125;2)3 | 0,375 | 0,26
12.1) 0,44; 2) —0,936
Solutions and comments to tasks of test «Numbers and expressionsy.

Task 7 (term of the task see above). Solution. Whereas \/a_2 =la|, then

3a+4+ (3a+1)2 =3a+4+|3a+1|. By the definition of absolute value, if 3a+1<0, then

|3a+1j=—3a—1, therefore, 3a+4+./(3a+1)° =3a+4—3a—1=3 and the correct answer is A.

7




AKmyaabHi numaHHA npupodHu4o-mamemamu4Hoi oceimu. 2019. Bunyck 1(13)

Comment. This task is aimed primarily at testing the knowledge and understanding of the

formula «/a_2 = a|, because many students mistakenly believe that \/a_2 =a and they choose the

distractor D. In addition, understanding the notion of absolute value is traditionally difficult for
students. This is especially true of the procedure for opening the sign of absolute value in letter
expressions. If the student incorrectly opens the sign of absolute value, then he will again select
distractor D, and if there is a technical error, then he will choose distractor B or C. Finally,
distractor E can be obtained by ignoring the root sign in the expression.

Task 10 (term of the task see above). Solution. Let's transform an expression using the

4
properties of the roots: \/ 72 \/ \/2 \/\/7 \/2_3 By definition of degree with fractional

(‘/_
3
index: §/2° =2° and p=0,375.
Comment. This task, first of all, checks whether the student knows the definition of degree
with fractional index, and therefore it permits an alternative solution without using the properties
1

1)\2
242 2L.24 PSR ) 32 3 . ]
of the roots: 2 = —5 =[21 421 =2%| =28 In addition, when preparing to solve

7|,
short answer tasks, students should pay attention to converting important fractions to decimal:

—05 —025 3—075 ==0,125; 3—0375 —=0,625; _0875 If a student during
2 4 4 8 8 8 8

solving a short-answer task gets a fraction that cannot be written in decimals (%, % g etc), then

he need to check the solution, because an error was made. The same should be done if irrationality

appears in the answer, e.g. \/5 J5, ¥9 etc.

Thematic test «Functions».

Tasks 1-7 have five answer choices, only one of which is correct. Choose the correct
answer, in your opinion.

1. Specify the function y = X3 graph.

A B C D E

j rryt V A\ |y/ [

o x| o o

2. Specify the function whose graph goes beyond the origin.

A B C D E
- x-3 3 =X+3
y =X y=_3 y =X+ y=2 y=2
X X 3
3. Find the function definition area y =+/x+1.
A B C D E
[-1;+0) [0;+o0) [1;+00) (-1 +o0) (L +0)
4. Specify the interval at which the function y :(x—3)2 increases.
A B C D E
(—o0;3] [3;+00) [0;+00) (—o0;0] (—o0;+00)
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5. Specify the set of function values y =log,; x.

A B C D E

(—o0;+0) (0;1) (0;+0) (1, +o0) (0,3;+x)

6. We know that a paired function y= f(x) has only two zeros, one of which is x=3.
Specify the second zero of this function.

A B

D
1 0

E
-3 J3
3

w0

7. The figure shows a fragment of a function graph. Which of the following y
functions this fragment can belong to?

B C D E

A
y =v—x y=3" y =log,(-x) y=-Clgx y =—log, X

In Task 8 for each of the three rows of data
marked with numbers, select the one correct, in your
opinion, variant marked with a letter. K

le

8. On the the figure you can see five points in a . N
rectangular coordinate system. Match the function 1 O
(1 - 3) to the point (A — E) that belongs to its 1M
graph.

= o
|

Function Point
1 y=2x AM
2 y=log, x BN
3y= c052x €O
DK
EP
Solve Tasks 9-11. Record the numeric answers you received in decimal or integer.
9. On the graph you can see the graph of a function Ay

y=f(x), defined on [-2;4]. Find: 1) the smallest
value of the function y = f (x) on its definition area; 2)
Xo+ Yo, Where (Xo;Yg) is the common point of

function graphs y = f (x) and y=2%.
10. Find the largest value of the function y=5+2sinx. 1 .
11. Let f(x)=|x-7,3/+logg s x. Find f(4). 0 11
Solve Task 12. Write down sequential logical actions and explanations of all stages of
task solving, make reference to the mathematical facts from which one or another statement
follows. If necessary, illustrate the task solving with drawings, graphs, etc.

X2, X & (—o0;1);

12. Let f(x)= 1) Find f(-4); 2) plot a function y=f(x) graph;

1
— 1 .
x X e[ +oo)

3) Find the set of values of the function y = f (x); 4) Find all the values m, when the
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line y =m has only one common point with the graph of y = f (x) :
Answers to thematic test «Functionsy

11213 ] 4|5 |6 |7 8 9 10 11

C/IE]A|[B]JA|D]|C 1-C;2-E;3-D 1)4;2)11 7 2,3

12. 1) 16; 2) see solution below; 3) E( f)=[0;+x);4) me {0} U(L+xo).

Solutions and comments to tasks of test « Functions».

Task 9 (term of the task see above). Solution. 1) From the figure we can see that the smallest
value of a function in its domain is 4. 2) We sketch the function graph y=2" n the same
coordinate system as the given graph. We see that the intersection point of these graphs M (3;8),
therefore, X, +Yy, =3+8=11.

Comment. This task tests the ability to read graphs, understanding the concept of the largest
and smallest value of a function on a segment, as well as the ability to plot the graph of the
exponential function y=2". It should be noted by the students that quite often the function on

this segment acquires its extreme values at the end points of this segment. When analyzing Task
9, you can also ask students to find not only the smallest but also the largest value of the function
in the definition area, which is already reached at its inner point.

Task 12 (term of the task see above). Solution. 1)

Whereas —4 e (—x;1), then f(—4)=(-4)*=16. 2) The ]
graph of this function consists of fragments of graphs of

functions y=x* and y = 1, that have the common point
X

(LD (see figure). 3) Because E(f) is the set of all
possible values of variable y, then by the figure and the

properties of functions y=x* and y L we can define - >
X

that E(f)=[0;+x). 4) The line y=m is parallel to the
axis Ox. By providing parameter values m and using the figure, we define that one intersection
point with the function graph f (x) this line has for all m e {0} U(1;+x).

Comment. In this task, the most important is the ability of students to justify their reasoning.
Paragraph 1) requires the student to explain why he or she chose to calculate the first line in the
function definition and not the second. For item 2), the students should be asked to show the

graphs of both functions with a dotted line y=x* and y=1, and then adjust their joints at
X

appropriate intervals. For paragraph 3), the student needs to explain that the set of values is the set
of all possible values of the dependent variable. For paragraph 4), it is necessary for the student to
be able to explain that the wanted set of parameter values is determined by the parallel transfer
(motion) of a line parallel to the axis Ox. If the student did this task correctly, then teacher can

put some additional questions that he or she can answer orally, e.g.: find f (10) ; find all values m

for which the line y =m has with graph of function y = f (x) only two common points or has no

common points etc.

Conclusions. We believe that a well-organized thematic preparation for independent
assessment will allow teachers to keep their heartbeat on the problems encountered by students in
the systematization and repetition of the school mathematics course. We hope that the suggested
methodological advice will be of use to all specialists involved in this process. In future
publications, we plan to consider the repetition features for all of the above thematic blocks, as
well as to regard for each such block a summary test with solutions to the basic tasks and provide
methodical comments for them.
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Hxoabnuii O. B. 3axapiituenko F0. O. Cyvyacna temaruuyna miaroroska no 3HO 3
MaTeMaTHKHU B YKpaiHi: yucaa i Bupa3u, QpyHkuii.

Axmyanouicme  00CNiONCEHb, NpUCSAYeHUX memamuuniti nideomosyi oo 3HO 3
MamemMamuxku, 6 CYYACHUX YKpPAaiHCbKux peaniax cymuigie He eukauxae. Cnuparouuct Ha
bacamopiunuil 00c8i0 cucmemamuzayii ma nNO8MOPeHHs WKILIbHO20 KYPCY MAamemMamuru, Hamu
3anponoHoBano po3oumms 6cb02o Kypcy mamemamuxu Ha 10 memamuyHux 3smicmosux ON0Ki8:
«Yucna i eupasu», «Dyukyiin, «Pienanna ma cucmemu pieuanvy, «Hepisnocmi ma cucmemu
Hepienocmeuy, «Texcmosi 3adaui», «Enemenmu mamemamuunozo ananizyy, «llnanivmempiny,
«Cmepeomempisy, «Koopounamu i sexkmopuy, « Enemenmu KomMOiHamopuxu i Cmoxacmuxuy.

Y pobomi mu nasooumo memamuuni mecmu 0o nepuiux 0680x 3micmosux onokie («Hucna i
supazu» ma «Pyuxyiiy), a maxodxc 8ionosioi 0o nux. Kpim mozo, mu po3e’azyemo onopni 3a0aui
yux mecmie ma NOOAEMO MeMOOUYHI KoMeHmapi 00 yux po3e’sasamb. Mu nepexkonami, wjo
HANIeHCHUM YUHOM OpP2AHI308AHA MEMAMUYHA CUCMEeMAMU3ayis i NOBMOPEHHs WKIIbHO20 KYpCy
mMamemamuxy 003601UMb GUUMENAM O0CAMU YCNIXy 6 Ni020mosyi Y4HI8 00 He3aNeHCHO20
mecmy6aHHsl 3 MAmMeMamuKu.

Knwuosi cnosa: 3HO 3 mamemamuxu, JIIA 3 mamemamuxu, memamu4na nio2omoeKa,
HABYANIbHI O0CACHEHHs YUHI8, meMamuyHi mecmu, ONOPHI 3a0a4i, Yucia i eupasu, QyHKyii.

IIxoabHbIH A. B., 3axapuiiuenko 0. A. CoBpeMeHHass TeMaTHYeCKasi NMOATOTOBKA K
BHO no maremMaTuke B YKpanHe: YMCJIa U BbIPaKeHUs, QyHKIHMU.

AxmyanvHocme  UCCIe008aHUL, NOCEAUJEHHbIX memamuyeckou noozomoseke Kk BHO no
Mamemamuxe, 6 COBPEMEHHbIX YKPAUHCKUX Peausax COMHeHUll He ebizbisaem. Onupasacs Ha onvim
cucmemamu3ayuu U NOGMOPEHUs. WKOIbHO20 Kypca MameMamuKy, Hamu npeoioiceHo pasouenue
6ce2o Kypca mamemamuku Ha 10 memamuueckux cmuvlciogbix 010k08: « Hucna u evipasicenusy,
«Dyukyuuy, «Ypaeunenus u cucmemuvl ypasnenuily, «Hepaeencmea u cucmemvl HepaseHcmey,
«Texcmosvie  3a0auuy»,  «Inemenmvl  Mamemamuyeckozo — amaiusay,  «llnanumempusy,
«Cmepeomempusy, «Koopounamul u 6ekmopbwi», «nemenmvl KOMOUHAMOPUKY U CTIOXACMUKILY.

B pabome mbi npusooum memamuueckue mecmvl K HEPEbIM O8YM COOEPICAMENbHBIX
onoxam («Hucna u evipasxcenua» u «Pynkyuuy), a maksce omeemol Kk Hum. Kpome mozo, moi
pewiaem OnopHvle 3a0ay¥u IMuUx mecmos U oaem MemooudecKkue KOMMEHmAapuu K Imum
pewenuam. Mol ybedcOenvl, umo OONHCHLIM 00pPA30M  OpP2AHU30BAHHAS MEMAMUYECcKas
cucmemamuzayus U NOEMOPEHUe WKOAbHO20 Kypca MamemMamuky No360Aum y4umenim
npeycnemo 6 N0O20MOBKe YUEHUKOE K He3A6UCUMOMY MEeCMUPOSAHUI0 N0 MamemMamuxe.

Knroueevie cnoea: BHO no mamemamuxe, IHA no mamemamuxe, memamuyeckas
Nn0020Mo6Ka, yuebnvle O0CMUNCEHUS YUAUWUXCS, MeMAmUiecKue mecmsl, Onophvle 3a0aqu, Yucid
U 8bIPAdNCEHUS, PYHKYUU.
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