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Abstract

Russian education standards have come a long way from being extremely detailed and regulating
the content of education programs at all levels to the current state when there is a great freedom for
universities in defining its education programs. The downside of that freedom is too general
formulations of these competences and absence of framework requirements for the scope and
content of individual parts of educational programs for the various types of training. This raises the
problem of preserving the unity of educational space in Russia and the traditionally high level of
teaching mathematics in Russian universities. Russian scientific and educational community
together with industry and business are currently looking for the ways to solve this problem.

In the paper, the experience of the modernization educational programs in the field of information
and communication technologies is considered. The methodology of creation of valid assessment
tools funds to check formation of competences is presented. The presented results are based on the
methodology of international and Russian scientific and methodological projects.

Currently obtained results of approbation of the methodology showed that the chosen
modernization methods are an effective tool for solving the designated math-related problems in
engineering education in Russian universities and, consequently, students will start to correspond
more adequately to the labor market needs.
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MOJEPHU3AIIMA MATEMATUYECKHX ITIPOTPAMM HA OCHOBE POCCUHCKUX U
MEXAYHAPOJAHBIX CTAHZAPTOB

0.A. Ky3senkogl, U.B. 3axapoBaZ

1 HanyoHa/bHBIM Hccae0BaTebCKUN Hrxeropockuii rocyiapCTBEHHbIM YHUBEPCUTET UMEHU
H.W. Jlo6aueBckoro, r. Huxkuuit HoBroposa, Poccus

2 TBepCKOM rocy/lapCTBEHHBIN yHUBEPCUTET, I'. TBepsb, Poccus
AHHOTanuAa

Pocculickue o06pasosamenbHble cmaHOapmuvl npowiu 00CMAMOYHO OAUHHBIL nymb om
MAKCUMAAbHOU Nnodpo6HOCMU U pezaaMeHmayuu codepicaHusi 06pazo8amesibHbIX NPo2pamMM,
380/1H0YUOHUPYSI 8 CMOPOHY HAU601blWell c80600bl 8Y308 Npu UX hpoeKmuposaHuu. Hedocmamkom
amoti c80600bl A8AAHMCS CAUWKOM 06Wjue HOpMyAUPOBKU IMUX KOMhemeHyull u omcymcmaue
dasxce pamMoyHbIX Mpebo8aHull K 06seMy U CO0epHCaHuw omdesbHbIX yacmell 06pa308ameabHbIX
npozpamm 0151 pasAU4HbIX 06pa308aMeAbHBIX NPO2PAMM. IMO Nopoxcdaem NpobsiemMy CoXpaHeHUsl
eduHcmea 06paszo8amesbHO20 hpocmpaHcmea 6 Poccuu u mpaduyuoHHO B8bICOKO20 YPOBHS
npenodasaHusi mMamemamuku 8 pocculickux yHugepcumemax. Pocculickoe HayuyHoe U
06paszosameibHoe COO6WECMB0 COBMECMHO C NPOMbIWAEHHOCMbI0 U GU3HecoM 8 Hacmosiujee
epemMsi uwjym nymu peuwleHuss 3moli npobsaemvl. B cmamve paccmampugaemcs onbim
MOOJepHU3ayuu 06paz08amenbHbIX NPo2pamMm 8 06aacmu UHEHOPMAYUOHHO-KOMMYHUKAYUOHHBIX
mexHoso0eull. [lpedcmasaena memodosioeusi co30aHusi cpedcme  00Cmo8epHOU  OYeHKU
UHCMpPYMeHmog 0451 nposepku dopmuposaHusi komnemeHyutl. [IpedcmagaeHHble pe3yabmamel
OCHOBAHbI HA Memod0A02UU MeXcOYHaAPOOHbIX U POCCULICKUX HAYYHO-MemoduyecKux npoekmos. B
Hacmosiujee 8peMsi NoJy4eHHble pe3y/abmambsl anpobayuu Mmemodo/o2uu NnoKA3a/au, Ymo
8bIOpPAHHbIE Memodbl MOOepHU3AYUU S8ASHOMC IPPEKMUBHbIM UHCMPYMEHMOM peuleHusl
300aHHbIX MAMEMAMUYECKUX 3a0a4 8 UHHCEHEPHOM 06pA308aHUU 8 POCCULICKUX yHUBepcUmemax, u,
caedogameibHO, cmydeHmbvl cmaHym 60/iee A0eK8amHoO CO0Meemcmeo8ams NOMpe6HOCMIM
pblHKa mpyada.

KiroueBsbie c10Ba

Komnemenyuu; ¢poHd oyenouHbvix cpedcms; PedepasbHble 2ocydapcmeeHHble 06pa3osamebHble
cmaHdapmbl.

Introduction checked during the state accreditation [4].

Before 2011, state educational standards (SES)
of the second generation acted in Russian higher
education. They regulated the content of
educational programmes, the set of mandatory
disciplines and the amount of every discipline in
hours and quality of education. In accordance with
the standards there was the set of didactic units and
an adequate electronic system of the independent
verification of corresponding student’s knowledge
and skills [5].

Russian education standards of higher school
have come a long way from being extremely
detailed and regulating the content of education
programs at all levels to the current state when
there is a great freedom for universities in defining
its education programs [1 - 2]. Russian educational
standard is the system of mandatory requirements
to an educational programme [3]. The accordance of
the educational programme to the state standard is
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Since 2011, modern Federal state educational
standards (FSES) were enacted in Russia [3]. The
purpose of FSES is the implementation of European
Bologna principles in Russian education. The main
principle is the competences approach [6-11]. The
essence of this approach is that the learning
outcomes are described by the system of
competences. A competence is the dynamical
combination of knowledge, skills, abilities and
personal qualities that a student should be able to
demonstrate after his or her education. The
competences should be transparent, i.e. understood
for employers, teachers and students.

Moreover, FSES introduced credit units for
measuring educational work corresponding to ECTS
(European Credit Transfer and Accumulation
System) [12] and a two-tier system of higher
education.

New standards have the framework structure.
With the introduction of FSES, Russian universities
have obtained more independence and freedom in
the development of educational programs, in the
selection of its content [1, 2].

But in other hand some problems have appeared.

The downside of that freedom is too general
formulations of these competences and absence of
framework requirements for the scope and content
of individual parts of educational programs for the
various types of training. This gives rise to the
problem of preserving the unity of educational
space in Russia and the traditionally high level of
teaching mathematics in Russian universities.

The use of existing FSES is impossible without
the development of competencies cards, without
filling competencies with specific content that
correlates with educational material of specific
disciplines. It is necessary cardinal modernization
of educational programms for implementation new
standards.

Russian scientific and educational community
together with industry and business are currently
looking for the ways to solve this problem.

In the paper, the experience of the leading
Russian universities is considered to develop
educational programs in the field of information
and communication technologies taking into
account the methodology of the international and
Russian scientific and methodical projects [13-18].
The methodology of creation of valid assessment
tools funds to check formation of competences is
presented.

Analysis of problems

ISSN 2411-1473 sitito.cs.msu.ru

The problems of FSES implementation in
Russian universities were considered in series of
works. For instance, papers [19-23] is devoted to
the analysis of the current state of Russian higher
education.

To understand the essence of the appeared
problems, consider the following example of the
state educational standard for bachelors in the area
of studies "Applied Mathematics and Computer
Science" acted before 2011. In accordance with the
standard the educational programme must contain
the following disciplines: “Calculus”, “Geometry and
Algebra”, “Differential equations”, “Probability
theory and mathematical statistics”, etc. [19].
Moreover, the standard determinated that, for
instance, the main subjects of discipline “Calculus”
in the area of studies "Applied Mathematics and
Computer Science" were functions of one and
several variables (continuity, differential and
integral calculus, extremums), functional sequences
and series, Fourier series and Fourier transform, a
function of a complex variable, measure and the
Lebesgue integral. The amount of the discipline
must be equal to 816 hours. It is equivalent to 22
credit units of ECTS.

Now FSES does not contain requirements to a
set of programm’s disciplines, its content and
amount. Therefore, there is an opportunity for
unscrupulous participants of the educational
process unreasonably reduce content of disciplines
and requirements for their mastering. Earlier, if a
discipline was too difficult to learn for students,
universities sought an opportunity to increase its
contact hours. Now universities reduce the
requirements to this discipline and its content.

The transition to a two-tier system of education
has led to the reduction of hours devoted to
mathematics. Such reduction reaches up to 50% for
various engineering programs compared to the
same requirements of SES [19]. Moreover, the
recent trend is to the exclusion of basic
mathematical disciplines of the educational process
of students of humanitarian areas, in spite of an
increasingly wide range of problems in which
mathematics can be applied.

Despite the reduction in the total number of
general cultural, general professional competencies
of the future graduate and their unification, the
formulations of FSES competences are vague and
difficult to verify. These competences are
transformed into abstract declarations with very
broad and conflicting interpretations. For example,
consider the competence “The ability to understand
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and apply in research and applied activities modern
mathematical apparatus and the basic laws of
science” [3, 19]. What does it mean? How does it can
be verified? What is the mandatory set of disciplines
that form the competence? New standards do not
have answers for the questions. It is necessary to
develop the concretization of competence meaning.

It can be interesting to know the expert exam
procedure of the educational programme quality
during the state accreditation. Firstly, an expert
considers the fund of the educational programme. If
the expert finds that the fund is valid then he/she
chooses 7 competences and verifies a degree of
their formation among a student’s group (50
students) during 20-30 minutes using the verifying
procedures of the educational organization. It can
be seen that it is necessary for an educational
organization to have verifying tests in particular for
the successful state accreditation. But it is very
difficult for universities to develop own funds of
assessment tools.

To ensure technical implementation of the
higher education reform in Europe in accordance
with the Bologna Process, an international project
was launched in 2010 under the title "Tuning
Educational Structures in Europe" - TUNING. Its
integral part was the project TUNING RUSSIA. It
was intended to promote modernization of the
educational system in line with international trends,
with the account of Russia’s cultural and
educational traditions, to help universities in
solving difficult problems that arise in the course of
globalization of education [13-16].

Other international project Meta-Math was
aimed to help Russian universities to solve
educational problems on the base of international
experience. International  project = «Modern
Educational Technologies for Math Curricula in
Engineering Education of Russia» 543851-TEMPUS-
1-2013-1-DE-TEMPUS-JPCR (MetaMath) [17, 18]
was started 01.12.2013 and was developed during
three years. The purpose of the project was to
identify ways of solving the problems of modern
mathematical training for higher engineering
education of Russia. Project META-MAT aims to
help Russian universities to solve the problems of
higher education associated with the transition to
new educational standards.

Analysis of the current state of the educational
process, implemented in the framework of the
Project META-MAT, involves the comparison of the
Russian system of engineering education with the
system of leading European universities.
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Mathematical training for engineers in European
universities is based on the standard SEFI -
European society for engineering education. This
document  clearly reflect the European
understanding about what is the mathematics that
engineers need, and how it should be learned and
taught [24].This document contains qualification
frameworks for curricula of mathematical
disciplines, levels and objectives of teaching,
sections on teaching mathematics, evaluation forms,
description of learning outcomes.

New information technologies and, in particular,
e-learning systems are actively used in European
universities [25-28]. This allows universities to take
out some of the material for independent study and
focus on really difficult topics of the discipline. E-
learning systems also allow to automate and, as a
result, simplify the knowledge assessment process
[29-33].

Today, universities have the opportunity to
create highly effective educational programs, design
and implement optimal control and measurement
materials that reveal the quality of education, the
level of the formation of key and professional
competencies. The actual direction of the
pedagogical community is the problem of designing
evaluation tools that allow an objective evaluation
of educational results. The implementation of the
requirements of the federal educational standards
has set the universities the task not only to update
the basic professional educational programs, but
also to develop a system for evaluating educational
results, updating evaluation tools that make it
possible to implement the practice-oriented
educational process. At the same time, all aspects of
the organization of the educational process are
touched upon, including the content, methods,
means and learning technologies. So, for example, in
the educational systems of different countries (USA,
Germany, France) there is a lot of experience in
using the project method in teaching [34]. This
allows solving several problems of higher education
at once and makes it much easier to check the level
of competence formation. The new federal state
standards put before the Russian education the
actual task of developing a system for assessing the
degree of formation in the students of competencies
determined by state standards for the relevant
areas of training. To effectively solve this task, in the
conditions of limited time intervals, the possibilities
of distance learning systems - LMS (Learning
Management System) - are increasingly being used.
At the present time, there is an increasing trend in
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the use of electronic testing materials both at the
stages of the final generalization, control, correction
and finalization of learning outcomes, and for the
purposes of ongoing monitoring.

The experience of Russian universities in the
development of e-courses, interactive test tasks, the
formation of evaluation funds based on the
international mathematical standard SEFI is useful.

Materials and methods

Methodological base of educational programms
modernization is competencies approach. The
implementation of this approach is ensured by
Tuning project methodology. The methodology of
this project, which summarizes the experience of
specific steps in the development of core
educational programs that meet the requirements
of the Bologna process, has been successfully used
to reform a number of programms, primarily in the
field of information and communication technology.

In accordance with the TUNING definition, “by
competence, we understand good performance in
diverse, authentic contexts based on the integration
and activation of knowledge, rules and standards,
techniques, procedures, abilities and skills, attudes
and values” [14, 16]. The Tuning methodology
supposes the reviling content of competence during
competences map development. The TUNING
methodology for competence mapping involves the
description of particular competences by means of a
set of indicators that show specific qualitative
aspects in the mastering of the given competence.
Besides, several levels of competence achievement
are identified. At each level, the quantitative degree
of mastering each indicator is characterized by
descriptors. In most cases, three indicators, two or
three skill levels and five descriptors are used to
build a competence map. Skill levels were
determined based on the following principles: the
first level corresponds to the level of technical
literacy, or the lowest level of performance; the
second level corresponds to the level of
understanding the concepts and the ability to use
them, this is the level of middle-tier managers;
while the third level corresponds to the level of in-

depth detailed mastery, which is the level of experts.

The methods of competence indicator
definitions corresponded to “Methodical
recommendations on development of main

professional educational programms” of Russian
Education and Science Ministry (22.01.2015 N DL-
1/05vn). The first indicator was regarded to
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knowledge, the second indicator was regarded to
skills and the third indicator was regarded to
experience or abilities.

Methods of learning outcomes and skill levels
formations for competencies of mathematical
training were based on SEFI standard. If we
compare Russian federal standards and SEFI
standard we can note that Russian competences of
mathematical training (for example, “The ability to
understand and apply in research and applied
activities modern mathematical apparatus and the
basic laws of science”) correspond to general SEFI-
competences:

. Thinking mathematically;

. Reasoning mathematically;

. Posing and solving mathematical problems;

. Modelling mathematically;

. Representing mathematical entities;

. Handling  mathematical symbols and
formalism;

7. Communicating in,
mathematics;

8. Making use of aids and tools.

But SEFI-standard contains the set of
professional competences that reveal the content of
mathematical training an engineer. For example,
competences of differentiation are formulated in
the following form: “As a result of learning this
material you should be able to

¢ understand the concepts of continuity and
smoothness;

« differentiate inverse functions;

« differentiate functions defined implicitly;

« differentiate functions defined parametrically;

« locate any points of inflection of a function;

e find greatest and least values of physical
quantities”.

The European experiences and research results
have proven that significant improvements in
learning outcomes in mathematics can be achieved
by applying new Technology-Enhanced Learning
(TEL) tools and pedagogic approaches. It has been
proven that due to the application-oriented nature
of math studies within STEM curricula the uptake of
modern TEL methods has a maximum effect on
overall quality of education.

Modern information and communication
technology (ICT) provides a variety of tools that can
be used to support students’ comprehension and
pedagogical reform. Teachers may run their courses
using learning platforms like Moodle. In these
environments they may distribute course material,

Ul WN -
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support communication, collaboration, and peer
learning and organise face-to-face meetings with
video-conferencing tools. Students can get feedback
on their mathematical skills’ from their teacher,
peers, and also by using carefully chosen computer
generated exercises, which are automatically
checked by computer algebra systems (MathBridge
(http://www.math-bridge.org/)) [18, 25]. There exist

mathematical programs like Matlab and
Mathematica, which  support mathematical
modelling of real problems. Information and

communication technology can amplify great
teaching, but great technology cannot replace poor
teaching. The use of technology does not itself
guarantee better learning results, but it can even
weaken the student performance. This obvious fact
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learner and the learning process. In designing
computer-based teaching and learning
environments real didactic tasks should be
considered. One should think thoroughly what to
teach and how to teach.

Than modernization of educational programmes
was also based on teaching project methods [21].
The essence of the project approach is that
educational aims are achieved during student
project completing [34].

Results
The maps of mathematical competences of FSES in
area of ICT were developed using SEFI-competences.

The fragment of the similar map for the competence
“The ability to understand and apply in research

has been known for a long time. The design of a and applied activities modern mathematical
computer-based instructional system should be apparatus and the basic laws of science” of
based on content specific research of learning and discipline “Calculus” is shown in the table 1.
comprehension and pedagogical model of the
Table 1. Fragment of competence card for discipline “Calculus”

Indicators Descriptors
To understand the |lack of|presence of|knowledge of|[knowledge of|knowledge of
concept: knowledge of|major errors|basic  material|basic = material |basic material
converging and diverging |the material |in the |with a number of|with a number of [without errors

sequences;

continuity of the function;
differentiability;
smoothness;

derivative

knowledge of
basic
material

minor errors

notable errors

To be able to: find limits of

no ability to

major errors

ability to solve

ability to solve

ability to solve

sequences; find |solve in solving |standard all standard |standard and

derivatives of complex|standard standard problems  with|problems with|non-standard

functions; problems tasks minor errors minor errors tasks

differentiate inverse

functions; differentiate

functions defined

implicitly;

differentiate functions

defined parametrically

To know a variety of|lackofskills |lack of a|presence of the|presence of most|presence of all

methods and ways of number  of|minimum of the basic|the skills

calculating limits, methods important required skills  |skills, demonstrated in

of differential calculus skills demonstrated in|standard and
standard non-standard
situations situations

It can be seen that indicators of the competence
map corresponds to SEFI professional competences.
Using Math Bridge, Moodle and other electronic
systems [18, 28-32], useful tools for the
competences formation were developed. In

particular, electronic controlled eliminated courses
were created. The electronic course in Moodle
system was implemented for teaching “Calculus” in
study programs AMCS and FCSIT (Applied
Mathematics and Computer Sciences, Fundamental
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Computer Sciences and Information Technologies,
respectively). The main steps of the course
modernization were: decreasing the number of
lectures; increasing the number of consultations
(from 15 hours to 30 hours); increasing the number
of engineering examples in the course; using project
learning (two projects per term at least). The topics
of the projects are: "Approximate calculation of

ISSN 2411-1473 sitito.cs.msu.ru

functions: a creation of the calculator for logarithms,
trigonometric and hyperbolic functions”, "Technical
and physical applications of derivatives”, "Research
of the normal distribution, the logistic function, the
chain line”, "The calculation of the center of

gravity”, "Applications of Euler integral”, and so on.

< “Yucno @ ABRAETCA npejenom NocnenoBaTenNsHOCTH an , BCWC

Je>0. YN Yn>N |a,—al|<e

Ye>03AN(E): Yn>N(e) |a,—al <e

Je>0: YN In>N. |a,—al<e

VYN>0 3e>0. Vn>N |a,—a|<e

BepHeiil oTBET

(]

= Bawe ynpaxHeHne 0KOHUYEHD, NOXANyAcTa 3aKpoiiTe BKNaLKY.

Figure 1. An example of electronic test for discipline “Calculus”
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Figure 2. An example of electronic test for discipline «Probability Theory and Mathematical Statistics»

Then the fund of assessment tools for
independent verification of competences formation
was developed (including the creation of electronic
tests using Math-Bridge). All tests are based on SEFI
competences, they contain a large amount of simple
tasks (during 60 minutes students must fulfill 20
tasks) that allow to control 160 SEFI competencies
from the Oth to the 2nd level in areas ”"Analysis and
Calculus”.

An example of electronic tests for discipline
“Calculus” is shown in the Figure 1. The developed
tests can be use during accreditation audit.

The modernization effects of discipline “Calculus”
were checked in Lobachevsky state university of
Nizhniy Novgorod. During the training, students
were divided into 2 groups. One of them was
trained with the traditional technology, the other -
with the upgraded technology. Comparative test
results showed a significant improvement in the
development of competence the second group,
which confirms the effectiveness of the upgraded
learning technologies. This study allows to conclude
that the chosen directions of modernization

programs are a promising means of improving the
quality of mathematical training.

In Tver State University the work was being
carried out to introduce electronic means of
teaching to support mathematical courses. In
particular, work is underway to create distance
learning materials for bachelors of 1-4 courses.
According to the discipline "Theory of Probability
and Mathematical Statistics”, during the semester
students had to pass two tests (pre- and post-test).
Passing the test passed remotely and was
considered as an integral element of the
implementation of the curriculum. For those
students who could not pass the test the first time,
the possibility of a re-examination was provided.
Within 1.5 hours each student had to answer 15
questions. Successfully passed the test, if the
percentage of correct answers was above 70. In
Figure 2 shows an example of a test in probability
theory.

Table 2 provides information on the increase in
knowledge for participants in the two tests.

Table 2. Results of pre- and post-test 2014-2015 (N=25)
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Knowledge Gain 2014-2015

25
20
i B = -
E m = o
5
5 ||
Combinatorics classical Sets theory  probability, series elementary figures set of points
definition of total functions and on the plane
probability probability their graphs
formula
B Pre-test M Knowledge Gain
The obtained experience and results show that mathematical and engineering education in Russia.
Russian universities have good prospects for The experience of modernization of educational
introducing electronic learning systems into the programs based on the methodology of series of
educational process, which will help assess the level international projects was shown. Currently
of competence formation [18, 32]. Thus the results obtained results of approbation of the methodology

showed that the chosen modernization methods are
an effective tool for solving the designated math-
related problems in engineering education in
Russian universities and, consequently, students
Conclusions will start to correspond more adequately to the
labour market needs.

of the investigation are very useful for Russian
universities in the conditions of Federal state
educational standards.

The article analyzes the problems in the area of
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