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as on the basis of the author’s statistical experiment we draw conclusions about its
quality and suggest possible ways to improve this system.

Regarding standardized tests in mathematics, we focused on written nationwide
final examinations for basic and senior school courses and on entrance examina-
tions to the country’s universities. These trials have a great importance in society of
all countries in the world, and hence in Ukraine as well. And this is natural, because
the final exams determine the level of students’ achievement over a significant peri-
od of time (9 years for basic school and 11 years — for senior school), and entrance
examinations, in fact, determine the future fate of the graduate, his (her) life path.
Therefore, the way of their organization and quality are always in the center of
public attention, and therefore, research in this direction is relevant.

Evolution of standardized testing in Ukraine

Ukraine began to develop its own system of students’ achievements assessing
after gaining independence in 1991. Until then, being part of the USSR, the laws
of the union state, including in the field of education, were in force on its territory.
Graduation attestation in mathematics were carried out in the form of written exam
conducted by school examination commissions. Such commissions traditionally
consisted of: the chairman — a representative of the school administration; the ex-
aminer — a mathematics teacher who taught the children in the graduating class; and
the assistant — another teacher of mathematics.

The tasks for the mathematics exam were determined at the state level, they
were developed by the Ministry of Education. Completion of the tasks required
students to provide a detailed written answer with a full explanation. In the 1970-s
and early 1980-s, letters with such assignments were sent to schools and opened
just before the exam in the presence of students.

In the late 1980-s instead of letters began to use collections of exam tasks, which
were printed by state publishers. From these collections of tasks, competent em-
ployees of the Ministry of Education selected the numbers of examination tasks,
which were announced on television immediately before the exam. Completing of
these tasks also needed a detailed answer with a full explanation. After the exam
(traditionally it lasted 180 minutes), the examiner and the assistant checked the cor-
rectness of answers under the supervision of the chairman, who approved the final
results in the form of a protocol.

In the Soviet period written entrance examinations in mathematics in Ukraine
were conducted by university similarly to final exams. The only peculiarity was
that such examinations were no longer conducted centrally by the state, their con-
tent was developed by specially created examination commissions headed by the
rector of each individual university. This method of conducting of high stakes test-
ing has caused much criticism in Soviet times due to opacity and high levels of cor-
ruption (see Kovaleva, 2016; Shvets et al., 2020, etc.). The authors of this paper are
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aware of the facts when the content of entrance exam tasks became known to some
students in advance, and therefore, putted them in unequal conditions with others.

After gaining independence in Ukraine, the Soviet scheme of holding final and
entrance exams in mathematics used for some time. In particular, Ukrainian spe-
cialists have developed collections of examination tasks in mathematics, similar to
the Soviet ones. However, the Ministry of Education almost immediately decided
to change the system of entrance exams, replacing them with national standardized
testing. The first such test in mathematics took place in the summer of 1994 on the
basis of materials developed under the guidance of Vasyl Shvets.

However, after public discussions and discussion of the results of testing in
1994 at a meeting of the Verkhovna Rada of Ukraine, the introduction of standard-
ized testing as an alternative to entrance examinations was postponed (the reasons
for this are analyzed in detail in Shvets et. al. 2020). Therefore, starting from 1995,
final examinations were again conducted according to the collections of examina-
tion tasks (see Lytvynenko et. al. 1997a; Lytvynenko et. al. 1997b, etc.), and the
Ministry of Education returned to the idea of national standardized testing only in
2005, when the Ukrainian Center for Educational Quality Assessment (UCEQA)
was established. With the assistance of the International Foundation “Renaissance”
and the Institute of Open Society of J. Soros, with the involvement of domestic ex-
perts and foreign experts, during 2006-2008 the Center developed and implement-
ed a new type of standardized testing — external independent assessment (EIA),
which included a math test.

External independent assessment in mathematics, in contrast to the 1994 final
test, replaced not only university entrance examinations but also the state final at-
testation (SFA). The feasibility of such a combination was questionable and due
primarily to economic factors. The stages of formation of external independent
assessment in mathematics are described in detail in the monograph (Shkolnyi,
2015). Here we only note that currently the EIA test in mathematics is a mandatory
test for SFA of Ukrainian graduates, and is used by all state universities for compet-
itive selection of applicants.

Features of Ukrainian standardized tests in mathematics

It should be noted that although more than 10 years have passed between the
1994 final mathematics testing and the start of math testing in EIA format, the
structure of both tests is rather similar. The 1994 test consisted of 30 tasks, divided
into 3 parts according to the level of difficulty (10 tasks in each part, which rep-
resented the main content lines of the school of course mathematics). The tasks
of parts 1 and 2 of the test were presented in the form of multiple choice question
(MCQ type, choosing one correct answer from 4 or 5 proposed), and the tasks of
part 3 required a detailed answer with a full explanation. The 2020 EIA math test
(see the UCEQA website www.testportal.gov.ua) contained 35 tasks: 20 tasks had
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MCQ type, 8 tasks required short answer (SA type, answer should be given in form
of integer number or decimal fraction), 4 tasks needed matching (finding logical
pairs) and 3 tasks were with a full explanation.

All tasks of the 1994 test were checked manually by pre-established commis-
sions, which included university professors and teachers of mathematics. For the
EIA 2020 test, manual checking by teachers was used only for the last three tasks,
the rest of the tasks were checked automatically using a special scanner (test partic-
ipants entered their answers to a special paper form).

As we can see, the ideology of conducting tests in mathematics in Ukraine since
1994 and to this day, in fact, is preserved. In contrast to standardized tests in the
United States, Ukrainian standardized tests in mathematics have retained the open
part of the test, which tests students’ ability to reason logically, substantiate state-
ments, describe mathematical transformations in detail, and so on. This still intro-
duces a certain element of subjectivity in the evaluation of student work, but allows
to avoid the negative impact of student orientation technologies solely on obtaining
the correct answer instead of understanding and development of cognitive skills.

One of the reasons for the above continuity for entrance testing in mathematics
in Ukraine is the preservation of the tradition of conducting between 1994 and
2006 a written SFA in mathematics in 9th and 11th grade. As already mentioned,
these exams were conducted according to the collections of tasks approved by the
Ministry of Education. From the beginning of the 21st century, these collections
did not containe just individual tasks grouped by topic, but parallel variants of tests
(40-60 variants), the structure of which was similar to the 1994 entrance test and the
current EIA math test. For example, collections of problems for the SFA in mathe-
matics in 9th and 11th grade, edited by Zinaida Sliepkan (Sliepkan, 2004; Sliepkan,
2006) also contained tasks of four levels of difficulty, the simplest of which were
presented in MCQ type. On the base of these SFA tests the first EIA test in mathe-
matics in 2006 was built.

However, it should be noted that there are some differences between the 1994
and 2020 tests. First of all, as already mentioned, tasks MCQ and SA types to the
EIA test are checked automatically, in contrast to the 1994 test. Second, for all 10
tasks with a full explanation of the 1994 test, each graded at 3 points, did not have
clearly defined grading schemes. In the EIA test in mathematics for each of the
three such tasks, which were evaluated at 4, 4 and 6 points respectively, the eval-
uation scheme was created before the test. Moreover, typical alternative solutions
were provided, for each of which an evaluation scheme was written separately.
Finally, thirdly, the content of the 1994 test tasks differed significantly from the
content of the EIA 2020 test tasks. Actually, during these years both the mathe-
matics program and the general learning paradigm have changed — from focused
on the formation of knowledge and skills to the competence oriented. Although
the main content lines of the school mathematics course were quite fully reflected
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in both tests, but, for example, the probabilistic and statistical components, which
were absent in the Soviet school curriculum of the late 1980s, in the 1994 test
were not presented. In the test of 1994 also were almost absent practical tasks that
became very important and significant in the modern Ukrainian school.

The Table 1 below shows the distribution of the number of tasks of both tests by
content lines and forms of test tasks. Data for the EIA 2020 test have taken from the
website of UCEQA www.testportal.gov.ua.

Table 1. Distribution of the test tasks by the content lines and forms of rep-
resentation.

Content lines Forms of representation
Matching . Total
McQ (finding SA ih atul
logical pairs) b
1994 | 2020 | 1994 | 2020 | 1994 | 2020 | 1994 | 2020 | 1994 | 2020
Numbers and
expressions 6 5 - 1 - 1 2 - 8 7
Equations and
inequalities 4 4 - - - 1 3 1 7 6
Functions 4 4 - 1 - 1 2 1 6 7
Provability and
statistics - L B - - 2 - B - 3
Plane geometry 2 3 - 1 - 2 1 - 3 6
Space geometry 4 3 - 1 - 1 2 1 6 6
Total 20 20 - 4 - 8 10 3 30 35

The differences between the tests presented in the Table 1 are natural. Indeed,
the 1994 test focused on students who had spent most of their lives in a Soviet
school. However, despite these differences, the basic knowledge and skills tested
by both tests remained essentially unchanged. Moreover, the distribution of the
number of tasks according to the content lines remained approximately the same.
Thus, the 1994 test can be used to compare the quality of mathematical preparation
of graduates of different years. This we will do and describe later in this article.

The problem of assessing the quality of mathematics education in Ukraine.
Usually, to the problem of ensuring the proper quality of education in general
and mathematics education in particular in most countries of the world is paid much
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attention. Ukraine is no exception, so both periodicals and professional scientific
journals constantly publish research on this topic (see Liashenko & Rakov 2008,
Dvoretska 2015, Protasova et. al. 2012, etc.).

An essential reason for considering the quality of mathematics education was the
results of Ukraine’s participation in the international comparative study PISA 2018
(Mazorchuk et. al., 2019). They largely prompted the presidential decree to declare
the 2020 — 2021 school year the year of mathematics education in Ukraine. In the
context of this decree, the Cabinet of Ministers approved an action plan, and the
Ministry of Education decided on a mandatory SFA in mathematics for Ukrainian
graduates in the form of EIA, starting in 2021 (see MES of Ukraine 2019). UCEQA
has developed and tested a new structure of the EIA in mathematics, which includes
a two-level SFA for graduates who study mathematics at the standard level and at
the profiled level (see site of UCEQA https://testportal.gov.ua/matematyka-2021/).

All the above changes indicate an increase of interest to the quality of mathe-
matics education. However, it would be naive to assume that only the strengthening
of state control over the results of standardized testing of graduates will lead to a
relatively rapid improvement in their level of academic achievement. Moreover,
many researchers, including Finland’s education reform developer Pasi Sahlberg,
warn that over-strengthening the role of standardized testing could have the oppo-
site effect (Sahlberg, 2015). The emphasis in learning on the results of such tests
inevitably leads to a gradual narrowing of the curriculum and reorientation of the
community of teachers, students and their parents from developing the child’s abil-
ity to getting a high score for the test (see also Wagner & Dintersmith, 2015).

Therefore, we believe that standardized tests in mathematics should play, although
important, but not a dominant role in the development of the child’s abilities and in the
formation of his (her) life and professional competencies. The emphasis in teaching
mathematics should be on the development of teaching methods and technologies,
not just control. Control activities should only help to correlate the achieved results
with the expected ones, to improve the existing and developing new forms, methods
and means of teaching mathematics. It is important to understand the trends and dy-
namics of student results over a long period of study. This understanding should be
based on the results of a statistical experiment. It will allow the teacher to make the
necessary adjustments to the learning process, focusing on the main things more than
additional. This is exactly the experiment we describe later in this article.

Description of the statistical experiment

To track the dynamics of academic achievement of mathematics graduates over
the past 25 years, we compare the results shown by participants in the final test
in mathematics in 1994 and graduates in 2005 and 2020, who were also asked to
complete the final test in mathematics of 1994. All 415 participants in the 1994
experiment were entrants to the Faculty of Physics and Mathematics of Nation-
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al Dragomanov Pedagogical University (NDPU). In 2005, 228 first-year students
of the Faculty of Physics and Mathematics of the NDPU took part in the testing
and in 2020 the same did 107 first-year students of mathematical specialties at
the pedagogical universities of Kyiv, Vinnytsia, Chernihiv, Zhytomyr and Poltava.
Unfortunately, the number of students of mathematical specialties of pedagogical
universities has recently decreased significantly, which is why the number of test
participants in 2020 was less than in previous years.

The content of test tasks for participants in the experiment in 1994, 2005 and 2020
was identical. The full text of the proposed test variant can be found in the article (Shvets,
2006). Here are just a few examples of tasks from each of the three levels of difficulty.

Samples of first level tasks.
a’-ab ab+b?

b

2. Perform multiplication:

A B C D
a—b a+b a? — bt a—b
ab

10. Point P is remoted from each of quadrate side on the distance equals to v'2,
and from the plane of quadrate — on the distance equals to 1. Find the length of the
quadrate side.

A B C
1 V2 2 2v2

Samples of second level tasks.

11. Cucumbers contain an average of 95% water. How many kilograms of water
are contained in 20 kg of cucumbers?
A B C D
18 kg 18,5 kg 19 kg 19,5 kg

20. The points A(1;0;1), B(—1;1; 2), €(0; 2;—1) are given. Find the point D on
the z axis so that vectors AE and CD are perpendicular.

A B C D
D(0;0;V2) D(0;0;2) D(0;0;1) D(0;0; —1)

Samples of third level tasks.
2x—3
25. Solve the inequality 2% = G) .

27. Find the extremums of function f(x) =x - (Inx)*,
28. If in a quadrilateral the two sides are parallel and equal, then this quadrilat-
eral is a parallelogram. Prove it.
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30. The basis of a straight parallelepiped is a thombus, the areas of diagonal
sections are M and N. Determine the area of the side surface of the parallelepiped.

In 1994, 2005 and 2020, students were given 180 minutes to complete all 30 test
tasks. The use of calculators and textbooks was not allowed.

The results of statistical experiment
Table 2 shows the percentage of the total number of test participants who cor-

rectly solved a test task (task success).

Table 2. Complete results of testing.

Year [-S¥e/number) 4 2 3 4 5 6 7 8 9 | 10
1994 st 91,57 | 96,39 | 95,42 | 74,94 | 83,13 | 95,90 | 83,37 | 96,87 | 78,31 | 87,71
2005 1st 90,35 | 85,00 | 84,65 | 48,68 | 55,70 | 83,33 | 51,75 | 66,67 | 42,98 | 62,28
2020 st 89,04 | 97,26 | 91,78 | 60,27 | 72,60 | 73,97 | 36,99 | 54,79 | 43,84 | 61,64
1994 ond | 87,71 | 63,13 | 87,23 | 46,27 | 51,33 | 61,69 | 59,76 | 66,27 | 70,84 | 26,75
2005 ond | 82,46 | 56,14 | 52,63 | 37,72 | 31,58 | 28,95 | 32,02 | 42,54 | 20,18 | 42,11
2020 ond | 68,49 | 31,51 | 53,42 | 6,85 | 43,84 | 43,84 | 21,92 | 30,14 | 9,59 | 20,55
1994 3rd 74,46 | 66,51 | 75,66 | 37,35 | 45,78 | 30,12 | 26,02 | 17,59 | 28,67 | 34,70
2005 3rd 24,56 | 31,14 | 46,05 | 24,12 | 30,70 | 16,67 | 20,61 | 10,09 | 24,56 | 13,60
2020 3rd 4521 | 548 | 4384 | 2,74 | 53,42 [ 1507 | 6,85 | 0,00 | 10,96 | 9,59

The data on the success according to the content lines are interesting for further
analysis. They are shown in the Table 3.

Table 3. Results of testing according to the content lines.

Content line Number of test tasks / year 1994 2005 2020
Numbers and expressions 1,2,4,11,12,14, 21, 22 75,12 57,02 50,51
Equations and inequalities 3,5, 13,15, 23, 24, 25 67,99 46,49 51,66
Functions 6,7,16, 17,26, 27 59,48 38,89 33,11
Plane geometry 8,18, 28 60,24 39,77 28,31
Space geometry 9,10, 19, 20, 29, 30 54,50 34,29 26,03
Total 63,46 43,29 37,92

Data on the distribution of test scores on a scale from 0 to 60 points for each of
the years are shown in Figure 1. The table in the chart shows the percentage of the
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total number of participants who scored the number of points from the correspond-
ing interval.

40

35

30

25

20

15

10

% from the total number of participants

5 I
- L
[0;10) [10;20) [20;30) [30;40) [40;50) [50;60]
01994 year 1 11 17 24 25 22
02005 year 9 26 24 19 18 4
@2020 year 5 38 38 15 5 0

Figure 1. Results of testing by the interval scale.

The average test score in 1994 was 38 points, in 2005 — 26 points, and in 2020 —
22 points. Note also that the average score of the EIA test in mathematics on a scale
of 100 — 200 points for the participants of the experiment in 2020 was 159, and the
correlation coefficient between the results of the EIA test and the experimental test
for these participants is 0.463.

Analysis of experiment results and some conclusions. The results of the ex-
periment show that the average level of mathematical training of entrants to peda-
gogical universities is gradually declining. Indeed, the best results were shown by
graduates of 1994. Although the success of solving for some tasks related to content
lines “Numbers and Expressions”, “Equations and Inequalities” and “Functions”
from 2005 to 2020 did not deteriorate (sometimes even was higher), it is still sig-
nificantly lower than in 1994.

The situation is especially sad with geometry problems that require justification.
In particular, none (!) of the first-year students of mathematical specialties of ped-
agogical universities in 2020 was able to prove correctly the criterion of parallelo-
gram (task #28). Note that this theorem is studied in Ukrainian school as mandatory
at the standard level. In our opinion, one of the reasons for this phenomenon is the
extremely small number of tasks on proving statements in the SFA and EIA tests in
mathematics. As a result, some teachers often simply omit proofs during explaining
new material in geometry and do not focus students on the ability to prove state-
ments, limiting themselves to solving computational problems.
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The distribution of test points on a scale from 0 to 60 in 2005 and 2020 is
close to normal (testing of the statistical hypotheses according to K. Pearson’s
criterion confirms this), in contrast to the distribution of test points of test par-
ticipants in 1994. This suggest that in 1994 some of the best entrants went to
pedagogical universities, and the teaching profession was quite prestigious, in
contrast to the current state of affairs. Such situation should lead to the need
activities from society and the government to improve the status of teachers in
Ukraine and to pay more attention to the need for proper mathematical training
of Ukrainian graduates.

The rather high average score of the EIA math test for the participants of
the 2020 experiment shows that now, fortunately, the entrants of pedagogical
universities in Ukraine are not the worst graduates. The positive correlation
between the results of the experimental test and the EIA test for participants in
2020 also demonstrates that, in general, the results of the EIA test really reflect
the current level of mathematical preparation of graduates. However, the test
in mathematics in 1994 and the EIA 2020 math test differ quite significantly in
content and form, consequently correlation is weak. Indeed, in 26 years, both
the mathematics program and the requirements for the professional competen-
cies of graduates have changed. The fundamental component of mathematical
preparation, which was emphasized in the 1994 test, gave way to a larger ap-
plied orientation of the mathematics course, more typical of the tests of EIA
and SFA in 2020.

However, the development of abstract thinking, in our opinion, is still impor-
tant, especially for those graduates who plan to make mathematics a field of their
future professional realization and enter mathematical specialties. Therefore, the
Ministry of Education decision to renew from 2021 the two-level test of external
examination in mathematics is natural. The need for this we have emphasized even
after the first unsuccessful attempt in 2015 (see Shkolnyi 2017). This will allow us
not to lose characteristic to Ukrainian school tradition of fundamental mathemati-
cal education.

The results of the experiment show that both the content and quality of math-
ematics education of school graduates should be in the focus of the project “New
Ukrainian School” (see NUSh 2017), which provides for the formation of an educa-
tion system that is adequate to modern Ukrainian society. During this evolution, it
is important, without losing the fundamental component of mathematical training,
to develop applied aspects of the school course of mathematics, preparing students
for successful activities in real life.
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Problems and Solutions
Konrxypcuu 3adauu

KOHKYPCHU 3AJAYU BPOM 2/2021T.

3anaya 1. B paBHuHara ca qajeHu To4ka A U OKPBKHOCT k ¢ ueHTsp O. Hame-
peTe TeOMETPUYHOTO MSCTO Ha LIEHTPOBETE HA OMMCAHUTE OKPBKHOCTU Ha TPUb-
reiaauim ABC, kpneto BC € muamersp Ha k.

3agaua 2. Toukute P, Q u R ot ctpanute Ha AB, BC u CA Ha TpubIr'binHuK ABC
ca TakuBa, ye CP e nepneHAuKyIsipHa Ha AB U OKoJI0 YeTUpUBI'bIHUKA ABQOR
MOJKE JIa C€ OMHMILE OKPBKHOCT. [lokaxkeTte, ue AQ 1 BR ca BUCOYMHH HA TPUBIBJI-
Huka ABC.

3anauya 3. [lanena e ¢ynkuus /> N — N, kpaeto N € MHOXKECTBOTO OT IIOJIO-
JKUTETHUTE LM Yuciia. AKO 32 BCEKH JIB€ X,y € N € U3IBIHEHO PaBEHCTBOTO
f(xf'(y)) = yf (x), HamepeTe Hail-ManKaTa Bb3MOXKHa CTOMHOCT Ha f(2007).

Kpaen cpok 3a uanpamane Ha pemenns: 10 roan 2021 .

B kpas Ha 2021 r. me Obaar onpeaeneHd YUTATEIUTE ¢ HAl-MHTEPECHHU pelLie-
HUS Ha KOHKYPCHUTE 3aJladdl, a Taka ChII0 HAl-aKTUBHUTE KOMIIO3UTOPU HA HOBU
3a]a4M, KaKTo M aBTOPUTE Ha Hail-UHTEpecHUTE cTatuu. [IbpBeHInTE 1Ie momyyar
Oe3mIaTHU roauIIHu abonaMenTn 3a 2022 1.

Pemenusra TpsdBa na ObAaT NPEACTABEHH SICHO, KaTO € 3aJbJDKUTEITHO BCAKA
3ajaya Jia € Ha OTJeJIeH JIUCT. Mo, u3npalaiite peleHusTa Ha ajpeca Ha peJlak-
musta mathinfo@azbuki.bg unu B enekrponen Bua Ha emilkol@gmail.com.

Cxwvnu npusamen,

Om knuocka 5/2020 e. 3a0auume, nyoiuxyeanu 6 pyopuxkama ,, Konkypcuu 3a-
dauu’, ca c80600HO OOCMBNHU HA eLeKMPOHHAMA CMPAHUYA HA CNUCAHUEMO HA
aopec: https://mathinfo.azbuki.bg/

Beuuxu uumamenu — exnrouumento yuenuyu, yuumenu u cnmyoeHmu, mMo2am oa
usnpawam ceoume pewrenus Ha e-mail mathinfo@azbuki.bg unu emilkol@gmail.
com.

Cn. ,, Mamemamuxa u ungpopmamuxa *“ we 006U KOHKYpPC ¢ Ha2paou 3a Ha-00-
bpume pewenus Ha 3a0auume, nyonukysan 6 knHudckume npes 2021 2.
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