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Abstract: This paper discusses Ukrainian primary school students’ learning out-
comes in Mathematics, obtained from a study. The researchers’ hypothesis is that
the use of the methodological approaches providing meaningful mathematical ac-
tivities for students, even in the initial stages promoted in the New Ukrainian School
Reform (the NUS Reform) facilitates progress. The conclusions presented are based
on the first cycle of the National Monitoring Study of the Quality of Primary Edu-
cation. The authors believe that students’ low performance in the External Inde-
pendent Evaluation (EIE) in Mathematics at the final stage of compulsory second-
ary education partly results from ineffective primary education. The results also
reveal an extensive gap between rural and urban students as well as small and large



class sizes. The authors consider MSQPE results as base-line, allowing for tracking
the differences in the students’ performance while implementing the NUS Reform.

Keywords: mathematical competences, mathematics education, evaluation, Exter-
nal Independent Evaluation (EIE), Monitoring Study of the Quality of Primary Ed-
ucation (MSQPE)

Introduction

Traditionally, Ukrainian school mathematics education has always been considered
quite strong. However, in recent years, more and more Ukrainian experts have
openly reported disappointing trends in this field, primarily referring to the results
of the External Independent Evaluation (EIE) (Bakhrushyn, 2019). Undoubtedly,
many conclusions drawn from the analysis of the results of the EIE in mathematics
can be trusted to some extent (taking into account the limitations of EIE data). At
the same time, we have to admit that the post-factum statement of the unsatisfactory
state of mathematics school education in Ukraine, that is, when young people have
completed their secondary education, cannot dramatically affect the situation, so to
speak, for over than 10-year process of teaching mathematics to students in school.
Such objective data (as those obtained from EIE results) on the quality of mathe-
matics school education would be much more valuable, if they had been collected
earlier, in order to provide both educators and administrators with room for ma-
noeuvre aimed at eliminating negative trends or reinforcing positive ones.

Thus, the task of creating such a system of assessment of the quality of
education at the level of Ukrainian school education, including mathematics educa-
tion, which would provide an opportunity to obtain up-to-date information on the
issue from at least primary school, has become urgent. And in these terms, the na-
tional long-term Monitoring Study of the Quality of Primary Education (hereinafter
— MSQPE) aimed at evaluating the “Levels of Reading and Mathematical Compe-
tencies of Primary School Graduates”, launched in 2016 on the initiative of the Min-
istry of Education and Science of Ukraine, can be reasonably considered as one of
the elements of the relevant system.

The first cycle of the MSQPE was conducted in 2017-2018, and its results,
after thorough processing and analysis by the experts of the Ukrainian Center for
Educational Quality Assessment (UCEQA), were presented to the public as a five-
part report in late 2018 — early 2019 (Report on the results of the first cycle....).

However, despite the fact that the experts of the UCEQA have done a con-
siderable amount of work on data analysis of the first cycle of the MSQPE, many
aspects concerning the quality of mathematics education at primary school level
require further research, since, as the experience of international comparative stud-
ies of the quality of education (Savchenko, Baibara, Besedina, Bibik, Lapteva,
Lunko,.... , Prokopenko, 2020) shows, the data can be an object of extremely thor-
ough analysis, helping to find ways to improve the situation in the field of school
education, including mathematics education.



The purpose of this article is to outline the most urgent problems in the
field of Ukrainian primary mathematics education, based on the results of the first
cycle of MSQPE 2018 in the aspect of the goals and objectives of the reform of
Ukrainian school education called the New Ukrainian School.

The researchers’ hypothesis is that the use of the methodological ap-
proaches that provide meaningful mathematical activity accessible to students, even
in the initial stages promoted in the NUS Reform will facilitate students’ learning
progress and will result in better learning outcomes.

The conclusions drawn in the paper are based on the results of the first
cycle of the National Monitoring Study of the Quality of Primary Education held in
2018 (MSQPE).

Literature Review

Since the publication of the MSQPE first-cycle reports on the level of mathematical
competencies of primary school leavers (December 2018), only few informative
publications (Bakhrushin, 2019) of the same nature have appeared. The authors of
these materials have generally summarised the most revealing data obtained from
the MSQPE without going into detail or offering their own analysis of the data pre-
sented in the report. At the same time, the articles referred to in one way or another
stated that “in general, the results of the monitoring provide a lot of useful infor-
mation for finding ways to improve mathematics education in secondary school.
Therefore, a more detailed analysis should be carried out, taking into account their
joint impact.” (Bakhrushin, 2019)

Mogens Niss, Danish secretary of ICMI during the 1990s, addresses the
issues directly in his paper entitled “Quantitative Literacy and Mathematical Com-
petencies.” Niss argues for a broad PISA-like definition of “mathematical” literacy
that would encompass most of what other authors in this volume refer to as “quan-
titative” literacy. In particular, Niss argues, if the objectives of mathematics educa-
tion were organized around competencies such as reasoning, modelling, and com-
municating mathematically—rather than, for example, around content such as
algebra, geometry, and calculus—school graduates would be far better able to nav-
igate thoughtfully the turbulent waters of democratic debate and decision making.
(See pp. 217-222.) (Steen, 2003, p. 212)

Niss defines “mathematical competence” as the ability to un-
derstand, judge, do, and use mathematics in a variety of intra-
and extra-mathematical contexts. Necessary, but certainly not
sufficient, prerequisites for mathematical competence are ex-
tensive factual knowledge and technical skills.” (Niss, 2003,
p.218)

The relationship between mathematical competences in European depic-
tion of the core curriculum (CC) and the standards of graduation exam requirements
(SGER) was presented on the Figure 1 (Heba, Kapounova & Smyrnova—Trybulska,
2014, p. 254).



A closer analysis has given rise to the following eight competencies: 1.
Thinking mathematically (mastering mathematical modes of thought); 2. Posing
and solving mathematical problems; 3. Modelling mathematically; 4. Reasoning
mathematically; 5. Representing mathematical entities; 6. Handling mathematical
symbols and formalisms, 7. Communicating in, with, and about mathematics; 8.
Making use of aids and tools (including information technology). (Niss, 2003, pp.
218-219)

In contexts of a study of mathematic competences in contemporary condi-
tions, it is important to revisit the distinction between procedural and conceptual
knowledge and review well-known pedagogical theory and mathematical practice,
for example Dewey, Maslow (Osterman & Bréting, 2019).

Computer-aided teaching of mathematics with the GRAN-1W program
package was analysed by Zhaldak, Goroshko Vinnichenko and Smyrnova-Try-
bulska (2004). International team of experts Hohenwarter, Hohenwarter, Kreis and
Lavicza prepared a comprehensive study and assessment teaching and learning cal-
culus with free dynamic mathematics software GeoGebra (2008).

Research in the area of Computers in Early Childhood and Primary School
Mathematics was conducted by Clements (2002), Skvortsova and Britskan (2018).
“The computer can offer unique opportunities for learning through exploration, cre-
ative problem-solving, and self-guided instruction. Realizing this potential demands
a simultaneous focus on curriculum and technology innovations” said Clements
(2002, p. 174), reflecting on research by Hohmann (1994).

Scientists and experts from different countries continue analyzing and dis-
cussing mathematical literacy identification. Niss stressed “... the very notion of
mathematical literacy is not well defined, especially as several related concepts,
such as numeracy, quantitative literacy, mathematical proficiency, and mathemati-
cal competencies, are in general use as well...” (2012, p. 409).

Other authors in their research devoted to scientists of the future and an
analysis of talented students’ interests noted: “Nowadays, scientists not only need
to be creative, resourceful, and inventive regarding their research questions and
need to understand their field and research methods, but also need to know how to
teach, how to catalog, ... and much more” noted Hoffler, Kéhler and Parchmann
(2019, p.1)

The importance of mathematics education for the progress and security of
the state is now being recognized in all countries and economies seeking to succeed.
Ukraine is no exception, especially in light of the challenges and threats that it has
faced in recent years. That is why the issues of improving the quality of school
mathematics education, finding ways to restore the prestige of mathematics and its
status as one of personal and social value are now at the center of state educational
policy (Decree of the President of Ukraine No 31, 2020).

Finding the answers to these questions is a difficult task. After all, against
the background of great achievements in the field of elitist teaching of mathematics



(Note. Students, who study at Kyiv, Kharkiv, Lviv, and Dnipro gymnasiums), mass
school mathematics education in Ukraine, unfortunately, is in decline, which is
proved, in particular, as noted above, by the results of EIE (Official report ... 2016,
Volume II, Official report ... 2017, Volume II ; Official report ....2018, Volume
10).

Research Methodology

As mentioned above, the material for scientific reflection in this article was the re-
sults of the first cycle of a nationwide monitoring study of the quality of primary
education “State of formation of reading and mathematical competencies of gradu-
ates of primary schools of secondary education institutions”, held in 2018. Accord-
ing to the authors of the study, the great value for the development of the methodo-
logical basis of the monitoring research was the experience of domestic and foreign
experts on the organization and conduct of educational monitoring, preparation of
cognitive, contextual and procedural materials, collecting, processing and analysis
of data, etc. (Report on the results ... 2018: in 5 parts. Parts I — p. 34)

The background and bases of Research Methodology were in particularly
IRT (Item Response Theory) theory and different types of IRT mathematical mod-
els, in particular, the IRT models included are the three-parameter logistic model,
the two-parameter logistic model, the one-parameter logistic model, and the Rasch
model (Battauz, 2015): a) G. Rush's one-parameter model (Rash, 1993); b) A. Birn-
baum's two-parameter model; ¢) A. Birnbaum's three-parameter model (Birnbaum,
1968). Using the IRT theory lets us see how correct answers depend on the latent
characteristics (Baker, 2001).

For data processing and analysis based on the results of the main stage of
the monitoring study, all calculations were performed in three information environ-
ments: Excel, R, and SPSS. The R package equateIRT implements item response
theory (IRT) methods for equating different forms composed of dichotomous items
(Battauz, 2016). R is easy to build thanks to the Comprehensive R Archive Network
(CRAN) website. According to the classical test, theory packages were downloaded
to calculate psychometric characteristics according to classical test theory and per-
form test analysis based on IRT models. The packages CTT, psych, psychometric,
ShinyltemAnalysis, 1tm, mirt, equateIRT were used. Packages such as reshape,
difNLR, haven, fBasics, tinytex, ggplot2, and others were used to process the data
and build different charts. SPSS is a software application for statistical data pro-
cessing, designed for conducting applied research in the social sciences (Report on
the results ... 2018: in 5 parts. Parts I — p. 85). The monitoring study's methodology
and instruments were developed following the best foreign and national practices.
For instance, the study's general structure of the study and its instruments were de-
veloped based on the comprehensive work written by Greaney and Kellaghan
(2008). The authors reviewed several national systems of the monitoring of educa-
tion and some international surveys in education. They discussed the main issues in
building educational assessment systems on different levels of education. Besides,
some significant provisions on the relevant issues were shown according to such



Ukrainian scientists (Liashenko (Ed.), 2013). Because the Ukrainian system of ed-
ucation differs considerably from most of the European ones, the study's develop-
ment required analyzing the national educational context. The works of Babyn,
Hrynevych, Likarchuk, Lytvyn, Mykhailichenko, Sovsun, ...., Shynkaruk (2011)
devoted to the Ukrainian system of education and the theory of national assessments
were the study's background. In the Report, the terms "cognitive material”, "context
material" and "instructional material" are used in the following terms. Cognitive
materials are test tasks that have been provided to the students participating in the
monitoring study to measure the level of reading and mathematical competence of
the respective participants. Contextual materials — questionnaires that were used to
gather information from the participants in the monitoring study (year 4 students
and teachers) regarding the educational (within the school) and extracurricular en-
vironment. Instructional materials — instructions, process charts, guidelines devel-
oped to ensure the standardized conduct of testing and questionnaires in the WSO
involved in the administration of the processes, processing of monitoring materials
by persons. (Report ....2018: in 5 parts. Parts I —p. 37). The instruments used in the
research were student and teacher questionnaires and cognitive tests. Each student
completed two 40-minute tests and a 20 — 30 minute long questionnaire.

The 2018 MSQPE student sample included 9 077 primary school students
(fourth-graders), who represented 484 classes of different types of educational in-
stitutions of Ukraine. A sample was designed with the use of PPS Model (Probabil-
ity Proportional to School Size), the student sample is representative for the popu-
lation of 361 841 students, which is more than 91% of the general population of
Ukrainian fourth graders. Among the exclusions there are students studying in a
minority language, students with special education needs, and students living under
the military intervention in Ukraine. According to the monitoring study design,
4501 primary school students took part in the mathematics assessment Report on
the results of the first cycle of a nationwide monitoring study of the quality of pri-
mary education "State of formation of reading and mathematical competencies of
graduates of primary schools of secondary education institutions" 2018: in 5 parts.
Part, Part II, p.27 — 32).

MSQPE is a sample-based study, based on cross-national survey research.
MSQPE methodology is described in detail in Volume 1 of the MSQPE first-cycle
reports (Report MSQPE, Volume I).

All comments presented in the next section are author’s reflections based
on the goals and methods outlined in their research. It is important to emphasize
that the majority of the authors participated in the project (National Monitoring
Study of the Quality of Primary Education held in 2018 (MSQPE) and in the next
section of the article important reflections, comments and conclusions are pre-
sented.

Results and Discussion

There is no doubt that school education is a long process where the results of the
previous stage of students’ education directly affect the success of learning the



material in the subsequent stages. Therefore, students' success at the stage of
completing of compulsory secondary education can, to some extent, indicate how
well the student has mastered the curriculum, and to form the relevant competencies
at the earlier stages of education — in basic and primary schools.

Here are just a few examples that clearly demonstrate that, even with some
standard benchmarking tests aimed at testing basic math skills, comprehensive sec-
ondary school graduates show low levels of mathematical competencies.

For instance, Table 1 shows Year 11 students’ results in solving test items
on simplifying mathematics expressions (Hereinafter, we do not provide full test
tasks. All the examples below refer to the multiple choice test tasks with five answer
options).

Table 1. Year 11 Students’ Results in Solving the Test Items on Simplifying Math-
ematics Expressions during EIE

EIE . . . Number of EIE participants who
. An expression to be simpli- completed the task correctly
held in fied in a math test
(year) (in percentage)
) ) .
1 — sin“a — cos2a 57.7 %
2017 24 16 g
et 49.6 %
a—4 a—4
2a+2
> 52.9 %
2018 a(a+2b) - (a +b)* 46.3 %
1 - sina ctga cosa 36.5 %

Note. The data are adapted from “Official report on the results of the external in-
dependent assessment in 2017, Volume I, p. 192 - 193; Official report on the results
of results of the external independent assessment in 2018, Volume II, p. 203 —210”.

The test items on the topic “Functions” are equally challenging for school

leavers. For example, only 38.9 % of the EIE 2018 participants found the area of
x+1

definition of the function #= x —2 , and every other participant of EIE 2017 in
mathematics was not able to find the point of intersection of the graph of the func-



tion ¥ = 2x — 2 with the x-axis (Official report on the results of results of the exter-
nal independent assessment in 2017, Volume II, p. 192; Official report on the results
of the external independent assessment in 2018, Volume II, p. 205.)

The test participants also showed disappointing results in solving test items
on simple percentage calculation. These results clearly demonstrate that many
school leavers do not have basic practical mathematical skills, absence of which
makes is difficult to cope with everyday real-life issues. For example, here are two
mathematical problems.

EIE 2010: The issuance of a succession certificate is subject to a state duty
of 0.5 % of the value of the inherited property. How much state duty will the
heir have to pay if the value of the inherited property is 32,000 UAH?

The correct answer to this test item was chosen by only 61.9 % of the EIE partici-
pants, at the same time, every sixth secondary school leaver agrees to pay a 10-fold
state fee in exchange for freedom from mathematical thinking (Official report on
the results of results of the external independent assessment in 2010, p. 85).

EIE 2011: The magazine was originally priced 25 UAH. Two months later
the same magazine cost 21 UAH. By what percentage was its price marked
down?

Every other test participant was not able to choose the right answer to this problem,
and every fifth thought that the price was reduced by 4 %. The statistics of the an-
swer choice by the EIE participants for this problem involuntarily makes one recall
the well-known sad anecdote about the “new” Ukrainian, who told how he was
making money: “I buy the product for two dollars apiece, and sell for four. That’s
2 percent I earn for living.” (Official report on the results of results of the external
independent assessment in 2011, p. 78).

As the examples show, the situation is really disappointing. Of course, if we
were talking about the results of the stage of completion of secondary basic educa-
tion (Year 9), then we could still expect that in the next two years of schooling
students would be able to improve their knowledge and skills in mathematics. How-
ever, the situation is more complicated, and the abovementioned test items relate to
the mathematical content provided by the mathematics syllabus for Years 5-9 and
were completed by Year 11 students, that is, by those who have completed compre-
hensive secondary education and most of them will no longer have the opportunity
to study mathematics systematically.

As a result, without having mastered basic mathematical concepts in com-
prehensive school, these school leavers will potentially fall into the category of
those whose further mathematical education will be problematic. And this is ex-
tremely dangerous in conditions where the proper level of formation of mathemati-
cal competencies is recognized as one of the key requirements for a person’s com-
petitiveness in today’s civilization of information technologies.

Considering such negative effects in education, including mathematics, a
long-term education reform, the New Ukrainian School, was launched in Ukraine



in 2016. The main purpose of this reform is transformation of the education in
Ukrainian school from knowledge-based into competency-based, so that it would
equip the modern person with all necessary knowledge and skills for life in the 21*
century. Naturally, the reform was started from the initial level of education. Thus,
in accordance with the Concept of the New Ukrainian School (The Concept of the
implementation of the state policy in the sphere of reforming of comprehensive sec-
ondary education "New Ukrainian School" for the period up to 2029), a new State
Primary Education Standard (On approval of the State Standard for Primary Edu-
cation) was introduced in 2018, in which the requirements for compulsory learning
outcomes are set out, taking into account the competency-based approach to learn-
ing. The new State Primary Education Standard is based on several key competen-
cies, including mathematical competencies.

The new State Standard specifies the purpose of the mathematics education
as developing mathematical and other key competencies; developing (critical)
thinking, the ability to recognize and model processes and situations of everyday
life that can be solved using mathematical methods, and the ability to make delib-
erate choices.

The main focus, as you can see, is shifted to competencies. However, this
does not in any way mean that academic mathematical knowledge is losing its value
in this approach. Not at all, since there is no doubt that no competencies can exist
without knowledge. This is clearly emphasized in the European Commission docu-
ments, where competencies are defined as a combination of knowledge, skills and
attitudes, where: a) knowledge — facts and figures, concepts, ideas and theories
which are already established und support the understanding of a certain area or
subject; b) Skills — ability and capacity to carry out processes and use the existing
knowledge to achieve results; ¢) Attitudes — disposition and mind-sets to act/react
to ideas, persons or situations. (Proposal for a Council Recommendation on Key
Competencies for Lifelong Learning)

The foregoing is important in view of the fact that teaching mathematics to
achieve new goals in the context of the implementation of the New Ukrainian
School reform should be carried out with great care, taking into account both recent
trends and traditions and practices that have been common for more than a decade.
Because, as ever, today, despite the tremendous technological changes that have
taken place in the world recently, both the utilitarian (pragmatic) component of
mathematics education and the intellectual development of the individual remain
the aspects, highlighted by Servais (1957) at the UNESCO Conference, that deter-
mined the future of the mathematics education, and in terms of up-to-date education
they can be defined as competencies and scientific knowledge components.

It is only natural that the prudence and completeness of achieving the goal
of mathematics teaching in primary school, defined by the new State Standard,
should be monitored, so that, if necessary, it is possible to adjust both the content
of mathematics education and the methods of teaching mathematics. For this reason,
at the initial stage of implementation of the Concept of the New Ukrainian School
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in practice in 2018, the nationwide monitoring study of the quality of primary edu-
cation was first conducted since the independence of Ukraine (1991) (Report
MSQPE, Volume I).

One of its purposes was to study the level of mathematical competencies of
2018 primary school leavers, who studied under the old State Standard for Primary
Education dated 2011, and to examine how these results related to some factors of
socio-economic and psychological-pedagogical nature.

In order to achieve the stated goals, the MSQPE team has created an appro-
priate cognitive instrument — mathematics tests that can provide a qualitative meas-
urement of the level of mathematical competencies, and a contextual instrument —
questionnaires for students who took mathematics tests and teachers who taught
these students.

Developing the cognitive instrument, the study authors considered two as-
pects that structure mathematical competencies: content and cognitive (Table 2).

Table 2. Measurements of Mathematical Competencies of Primary School Leavers

Aspect Definition

Defines the mathematical content that students need to

tent . . .
Conten master when learning mathematics at primary school

Defines the thinking processes that students need to
Cognitive develop and apply, both in solving mathematical prob-
lems and in solving real-life problems

Note. The data are adapted from “Report on the results of the first cycle of a nation-
wide monitoring study of the quality of primary education "State of formation of
reading and mathematical competencies of graduates of primary schools of second-
ary education institutions" 2018, Part II, p. 17”

For the purposes of the study, taking into account the provisions of the
national standards of primary education and mathematics syllabi, programs of in-
ternational comparative studies of the quality of education in mathematics in pri-
mary school, and the traditions of teaching mathematics in Ukrainian primary
schools, mathematical content was structured into the following categories (sec-
tions): numbers; geometric shapes and geometric values; measurement; data pro-
cessing — the details of which are the main mathematical topics and mastering of
which is important for the development of mathematical competencies, are pre-
sented in Table 3.

Table 3. Mathematical Content

Content Category Mathematical Topic
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Writing and reading natural numbers; comparison
of numbers

Operations on natural numbers
Numbers and Expressions Text tasks

Ordinary fractions. Find the fraction of the number
and the number of its fraction

Letter expressions, equations, inequalities

Geometric Shapes Geometric shapes

and Geometric Quantities .
Perimeter and area

Measurement of segment length, body weight, ca-
pacity (volume). Converting units

Measurement Time measurement

Money management

Reading data from tables, charts

Using information presented in tables and charts to
Data processing answer questions beyond the direct data reading

Organising and displaying data using tables, bar
charts

Note. The data are adapted from “Report on the results of the first cycle of a nation-
wide monitoring study of the quality of primary education "State of formation of
reading and mathematical competencies of graduates of primary schools of second-
ary education institutions" 2018, Part II, p. 19”

In turn, cognitive skills within the study are structured into the following
categories: knowing; applying; and reasoning. The category of knowing covers
facts, procedures and concepts that primary school graduates should possess. The
ability to operate with mathematical terms and notions and the knowledge of math-
ematical facts are the basis for mathematical thinking. In turn, the knowledge of the
procedures (sets of actions and rules of their implementation) is necessary to solve
the routine tasks that a person faces in their everyday life. The category of applying
describes students’ ability to apply knowledge and understanding of ideas to solve
basic (standard) tasks. Such tasks are standard exercises that students perform in
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mathematics lessons, and can be purely algorithmic (for example, columnar) or tex-
tual, describing simple situations using simple contexts. The category of reasoning
goes beyond standard tasks and covers unfamiliar situations, complex contexts, and
multi-step tasks. Such tasks require more complex reasoning for students, although
they do not require students to have mathematical knowledge and skills that go be-
yond the curriculum. The essence of these categories is presented in Table 4.

Table 4. Cognitive Categories of Mathematical Competencies

Cognitive Category Definition

A primary school graduate’s awareness of mathe-

Knowin . .
g matical facts, procedures, terms and notions

A primary school graduate’s ability to apply
Applying knowledge and understand ideas to solve basic
(standard) tasks

A primary school graduate’s ability to solve non-
Reasoning standard tasks related to unfamiliar situations, com-
plex contexts, and multi-step tasks

Note. The data are adapted from “Report on the results of the first cycle of a nation-
wide monitoring study of the quality of primary education "State of formation of
reading and mathematical competencies of graduates of primary schools of second-
ary education institutions" 2018, Part II, p. 20”

A scale of 100-300 was used to report the results of assessing the level of
mathematical competencies of primary school graduates based on the results of the
MSQPE. It identifies two main benchmark levels of students’ mathematical com-
petencies — basic and high which correspond to 170 and 230 points, respectively,
as well as the average threshold (200 points) though its value does not correlate with
any average value of the monitoring study participants’ performance.

Table 5 summarises the verbal descriptions of basic and high levels of
mathematical competencies, formulated by experts on the basis of the analysis of
both the specifics of the test instrument and the test results.

Table 5. Description of the Levels of Mathematical Competencies

The Level of
Mathematical Description
Competencies
Basic At the basic level, students should demonstrate a certain aware-

ness of mathematical concepts and procedures related to the
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following context categories: ‘Numbers and Expressions’,
‘Geometric Shapes and Geometric Quantities’, ‘Measure-
ments’, ‘Data Processing’; perform simple calculations with
positive integers; apply mathematical knowledge to solve sim-
ple problems related to real-life situations which are familiar
to them. Students can follow clearly described procedures.
They are able to choose and apply simple strategies for solving
problems. At this level, students can only use information from
one source and consider the tasks using the information given.

At the high level, students should have mathematical concepts
and procedures related to the following content categories:
‘Numbers and Expressions’, ‘Geometric shapes and Geometric
Quantities’, “‘Measurements’, ‘Data Processing’; apply mathe-
matical knowledge to solve problems that go beyond standard
ones and cover less familiar and new situations and are pre-
sented in more complex contexts. At this level, students can
purposefully work with the task and use well-developed skills
to reason and draw conclusions, to use information from one
Or more sources.

High

Note: The data are adapted from “Report on the results of the first cycle of a nation-
wide monitoring study of the quality of primary education "State of formation of
reading and mathematical competencies of graduates of primary schools of second-
ary education institutions" 2018, Part I, p. 25”

In MSQPE 2018 the number of students who participated in the testing, in
which the described cognitive instrument was used, was 4501. A two-stage strati-
fied PPS (Probability Proportional to School Size) design was used to generate a
sample of study participants, which provided equal probability for each primary
school leaver to be included in the sample population. The sample of primary school
leavers who took the math test was representative of the main traits and weighted
by casualties, “regular school” (number of students in Year 4 class is over 15) and
“small school” (number of students in the Year 4 class is from 7 to 15). The repre-
sentativeness error was no more than 2 %.

According to the results of the testing within the framework of the MSQPE,
in 2018, almost 18 % of primary school leavers demonstrated a high level of math-
ematical competencies, which allows them to solve multi-step mathematical prob-
lems that go beyond the standard and cover not well known or new situations. In
turn, over 86 % of primary school leavers have reached the basic level of mathe-
matical competencies. Thus, about 14 % of students who completed their primary
education had difficulties solving simple mathematical problems that relate to their
real life situations (Figure 1).
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] [ |
17,7% 56,0% 86,4%
B high (230 points)
B middle (200 points)

basic (170 points)

Figure 1. The 2018 primary school leavers’ (%) achievement of defined levels of
mathematical competencies in the scale of 100-300. Adapted from “Report on the
results of the first cycle of a nationwide monitoring study of the quality of primary
education "State of formation of reading and mathematical competencies of gradu-
ates of primary schools of secondary education institutions" 2018, Part II, p. 40”

According to the analysis of the MSQPE 2018 data, primary school leavers
demonstrate the best results in solving the test problems related to the topics ‘Num-
bers and Expressions’ (62 % of correct answers), and the most difficult for them are
the tests that refer to such content section as ‘Data Processing’ (51 % of correct
answers). 57 % of students answered test questions related to the ‘Geometric shapes
and Geometric quantities’ correctly.

It is worth mentioning that every sixth test item used in the study was re-
lated to the category of ‘Geometric shapes and Geometric quantities’. The attention
given to the geometry component of mathematical competencies is intentional. Ac-
cording to psychological studies, the initial intellectual activity (thinking) of a child
is mostly geometrical. Sharygin, a prominent teacher, a scientist and an ‘advocate’
of science, said:

Geometry is the primordial kind of intellectual activity both of all man-
kind and of the individual. The world science began with geometry.
Without being able to speak yet, a child learns the geometrical features
of the world. Lots of achievements of ancient geometricians (Archime-
des, Apollonius) are surprising to modern scientists, despite the fact that
they had no algebraic apparatus. Pursuing the analogy between the hu-
man’s and the individual’s, I must point out that geometric skills of
young and middle-aged children almost never depend on the level of their
mathematical proficiency. (Sharygin, 2004: p.47).

According to the results of MSQPE 2018, a significant proportion of Ukrainian pri-
mary school leavers have a sufficiently developed geometric intuition and know
basic geometry. For example, the data on Year 4 students’ answers to one of the
geometry problems is given below (Figure 2).

12.3.  Construct a square with an area equal to the area of
the rectangle.
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Figure 2. MSQPE: item on geometric reasoning. Adapted from “Report on the re-
sults of the first cycle of a nationwide monitoring study of the quality of primary
education "State of formation of reading and mathematical competencies of gradu-
ates of primary schools of secondary education institutions" 2018, Part II, p. 45”

In 2018, 22 % of primary school leavers correctly solved the Reasoning
mathematical problem. The results of solving this test item vary greatly depending
on the groups of test participants: 66 % of the study participants who reached the
high score level (230 points) were able to solve this test item, and only 5 % of the
students who scored 170 — 200 points provided the correct answer.

The average complexity of the test tasks of different cognitive categories
used in MSQPE 2018 varied more significantly in comparison with the indicators
of their performance by the participants of MSQPE 2018. The primary school leav-
ers demonstrated the highest scores for solving Applying test items (78 % of correct
answers) whereas Reasoning cognitive test items were the most difficult for the stu-
dents (only 40 % of correct answers).

In addition to obtaining information about mathematics performance of
primary school leavers across the population in general, the MSQPE also observed,
as noted above, the link between mathematics performance of primary school leav-
ers and a number of socio-economic and psycho-pedagogical factors.

MSQPE mathematics assessment results showed that the difference be-
tween boys’ and girls’ performance is not statistically significant. Thus, at the level
of primary school there is no evident dependence of mathematics performance on
gender: on average, the boys scored 203.3 points in mathematics whereas the girls
scored 202.5 points in this test.

At the same time, the data received indicate that there is a significant cor-
relation between the students’ mathematics performance and the location of the
school in which the students completed their primary education. The students who
went to city schools scored the highest average result (208.9 points) in mathematics.
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The students who attended primary schools in bigger towns scored a little less
(203.1 points), and those who went to school in smaller towns scored even lower
result (197.6 points). The students who attended school located in villages scored
the lowest average result (190.3 points).

The correlation between the percentage of primary school students who
reached certain levels of mathematical competencies and the type of settlement
where their school is located is shown in Figure 3.

9,6% 39,0% 74,6%
Village = =
14,9% 46,3% 82,3%
Small town - 1
. 15,3% 54,8% 89,7 %
Big town = =
22,0% 64,8% 91,4%
City i 4 ] - :
B high H middle basic

Figure 3. How the level of mathematical competencies of primary school leavers
(%) correlates with the type of locality where their school is located. Adapted from
“Report on the results of the first cycle of a nationwide monitoring study of the
quality of primary education "State of formation of reading and mathematical com-
petencies of graduates of primary schools of secondary education institutions" 2018,
Part II, p. 56”

Differences in mathematical performance of primary school leavers in
2018 depend also on the type of the school where they completed their primary
education. Thus, students who studied at primary schools of general education with
extensive learning of some subjects (until full implementation of New Ukrainian
School Reform these schools will have been called lyceums and gymnasiums) and
colleges, educational complexes and specialized schools have a significantly higher
score point in mathematics (208.7, 208.8 and 211.7 respectively) than students of
comprehensive secondary schools (198.5 points).

However, as the analysis of the MSQPE 2018 data revealed, today one of
the most important factors affecting students’ achievements in developing their
mathematical competencies is the number of students studying at a school: primary
school students who attended small schools (the number of students in the Year 4
class is from 7 to 15), showed significantly lower results than the students of regular
schools (the number of students in the Year 4 class is more than 15) (Figure 4).
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Figure 4. The levels of mathematical competencies of primary school leavers (%)
who attended small and regular schools, in the scale of 100-300. Adapted from “Re-
port on the results of the first cycle of a nationwide monitoring study of the quality
of primary education "State of formation of reading and mathematical competencies
of graduates of primary schools of secondary education institutions" 2018, Part I,
p. 557

Figure 4 shows the results of solving mathematics test items offered to
Year 4 students in one of the test books (Report MSQPE, Volume II). As we can
see, regardless of the content or cognitive dimension that characterises each of the
25 test items, the students’ performance was different and the gap between the
scores correlated with the size of their schools.

The results of doing tasks related to the Reasoning cognitive category
proved to be significantly different, which is a rather dangerous tendency for the
modern age of information, because, according to the researchers, the role of math-
ematics in the information society is significantly changing. The use of mathematics
ceases to be limited just serving primarily physics and the needs of technical sci-
ences, it begins to perform a civilizational role, becoming a means of forming of a
human’s thinking culture (Gandel & Zholtkievich, 2001)

That is, if we now have problems related to students’ ability to perform
reasoning tasks at the primary school level, then in the future, we can get citizens
who are unable to think at a sufficient level of abstraction to solve the challenges
and problems they will face in their real life.
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Figure 5. Percentage of correct answers to test tasks provided by primary school
leavers who attended small and regular schools in 2018. Adapted from “Report on
the results of the first cycle of a nationwide monitoring study of the quality of pri-
mary education "State of formation of reading and mathematical competencies of
graduates of primary schools of secondary education institutions" 2018: in 5 parts.
Parts I — V. Retrieved from http://testportal.gov.ua/zvity-dani-2/”

The test task that caused the widest gap between the results of students of
small and regular schools is provided below (Figure 6).

18. In a football tournament, teams get:
3 points for a win
1 point for a tie
0 points for a loss
has got 11 points.
What minimum number of games Ukraine could have
played?

Draft

Answer:

Figure 6. MSQPE: item on mathematics reasoning. Adapted from “Report on the
results of the first cycle of a nationwide monitoring study of the quality of primary
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education "State of formation of reading and mathematical competencies of gradu-
ates of primary schools of secondary education institutions" 2018, Part II, p. 156”

In regular schools, 26.7 % of students solved this mathematics problem,
and in small schools — only 10.7 % did.

Thus, the results of MSQPE 2018 confirm Andreas Schleicher’s (Schleicher, 2018),
conclusion that there is no international data to prove that reducing class sizes is the
best way to improve learning outcomes (Report MSQPE, Volume II). However,
when interpreting the MSQPE results, it should be borne in mind that small schools
are predominantly located in rural areas, and consequently, the learning outcomes
may be adversely affected by other factors, such as the lower qualifications of teach-
ers working in such schools, etc.

Some comments on PISA Results

Ukraine took part in PISA 2018 and the results of the Programme were published
on 3 December. Some facts shown in the PISA 2018 National Report were shocking
for local stakeholders in education. Among those are low results in Mathematics:
36% of Ukrainian students do not reach the basic level of mathematics knowledge.
They have problems with tasks that require simple solution strategies, percentages,
fractions and decimal numbers. (Mazorchuk, Vakulenko, Tereshchenko, Bychko,
Shumova, Rakov, ...., Kuznetsova, 2019, pp. 54 — 58)

PISA is the worldwide study on the quality of education in which Ukraine
first participated fully in the cycle of 2018.

The study evaluated 15-year-old students. A total of 600,000 students in
79 countries were surveyed. Student tests lasted two hours. In Ukraine, nearly 6,000
students were assessed and interviewed in 250 educational institutions. Ukrainian
students took the tests in writing. PISA does not test whether students have mastered
the content of the curriculum, but rather assesses how students are able to use their
knowledge, skills and competences in real life. This study shows the weaknesses
and strengths of the education system. (National Report on PISA 2018 Results, p.
76)

The table 6 includes some data on PISA results. Countries ranked in Math-
ematics

Table 6. PISA results. Country ranked in Mathematics

2018 2015

Reading Mathematics Science Reading Mathematics Science

Ukraine 466 453 469 - - .
Poland 512(+6) 516(+12)  S11(+10)  506(+3) 504(+5) 501(+3)

Note: The data are adapted from Shleicher, 2019 and Mazorchuk, Vakulenko, Te-
reshchenko, Bychko, Shumova, Rakov, ...., Kuznetsova, 2019.
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We note that Polish students performed better in exams in Mathematics
Science and reading. Probably this is only the first experience and results less from
procedural knowledge and conditions, which is well-known in other countries.
Among other causes could include a reduction in the number of hours on mathe-
matics and other science subjects, still insufficient and uncommon application of
innovative and active teaching methods. Further extensive cross-sectional studies
are needed.

Conclusions and Suggestions for Future Research

The results of the study show that some of the mathematical content, basic for math-
ematics education in primary school, is not sufficiently mastered by primary school
leavers, and this can lead to even more negative results in the future. The research-
ers’ hypothesis that the use of the methodological approaches providing meaningful
mathematical activity accessible to students, even in the initial stages promoted in
the NUS Reform will facilitate students’ learning progress and will result in better
learning outcomes was confirmed.

The additional conclusions are as follows:

- The data and illustrations provided by the study demonstrate today’s neg-
ative tendency in Ukraine: at the primary school level it is evident that
advantaged and disadvantaged students have different opportunities to de-
velop their mathematical competencies. PISA 2018 data confirm some
negative tendencies in secondary school Mathematics education.

- Tt is also clear that attention should be paid to the Mathematics teaching
methods in Ukraine. Some basic Mathematics concepts are not well taught
in primary school, which leads to deep gaps in Mathematics knowledge
later on. National and international research on education reveals the ne-
cessity to review approaches in Mathematics education.

- According to the results of MSQPE 2018, it can be stated unequivocally
that the state should pay special attention to the category of small schools,
in particular in the perspective of administrative decisions aimed at con-
tributing to the elimination of this negative tendency in the context of the
implementation of the ideas of the New Ukrainian School.

The MSQPE results are considered by the authors as base-line results,
which will allow for tracking the differences in the students’ performance while the
New Ukrainian School Reform (NUS Reform) is implemented (Report MSQPE,
Volume I).

We agree with Autor (Potapova, 2020), who ,,looks at innovative strategies
for teaching mathematics which use elements of microlearning”. The expert
stressed that ,,a kind of new learning format, which is developed using a series of
short learning materials and short tasks that make up a mini-course”. Could to sup-
port the researcher about her conclusions about ,,microlearning not only opens up
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new pedagogical possibilities, but also increases the effectiveness of learning and
improves educational outcomes. It is compatible with modern information and com-
munication models and can be easily adapted to meet individual learning needs”
(2020, 127).

The researchers concludes that “Emphasizing in the children, the develop-
ment of office content, skill to interpret, know and solve mathematical problems
from everyday situation to students.” (Mateus-Nieves, Enrique and Chala Castillo,
Edison Ferney. (2021))

We confirm opinion of expert that ,,by incorporating all the components of
microlearning into mathematics teaching, it is possible to engage a large population
of learners, increase satisfaction and interest in the lesson and positively influence
the learning experience” (Potapova, 2020, p.127)

The mathematic and teaching of this subject has some own specific fea-
tures. ,,It offers a wide range of educational resources, approaches and methods
that develop critical and innovative thinking. Typical learning activities are prob-
lem analysis, problem proving, problem finding, etc.” (Popova, 2020). Some of
these activities can be designed as micro-learning units (Skalka, Drlik, 2018).

The research, conducted by Alqurashi (2017) ,,discusses the main three el-
ements in creating an effective microlearning environment, which are: content ped-
agogy, and technology. It explores the knowledge of how carefully-selected content
can be a successful element in microlearning”. The Figure 7 illustrated the micro-
learning model, included the main components and features, described based on
Alqurashi (2017), Hug (2005) and Mikhailov, (12/15/2018).

In the conditions of not very effective traditional mathematics training, as
evidenced by research results, Microlearning may be a good alternative.

Coursmos, Grovo, Panopto stand out among the most common micro-
learning tools today (Alqurashi, 2017). The further research could be focuses on
the development of the microlearning environment and using for mathimetics
learning support.
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Adapted from Alqurashi (2017) and Hug (2005) and Mikhailov, (12/15/2018).
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