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Abstract

Introduction. At the present time, more and more students are changing either their field of study or the universi-
ty in the process of studying. This raises the problem of how to determine whether a student’s level of knowledge
meets the host institution’s criteria. A simple comparison of competencies is not enough. Therefore, the authors
propose a new system of comparing existing and required knowledge (competencies) at the new place of study.
The purpose of this article is to present the results of research on the development and practical application of
specific “competency trees” that allow for the automatic comparison and re-crediting of disciplines.

Materials and Methods. The research is based on the methods of system analysis for weakly formalized prob-
lems: the method of expert evaluations and the method of the goal tree. For direct development the method of
construction of binary decision trees was used. To evaluate the effectiveness of the developed method, methods
of observation and comparison were used.

Results. This article describes the specific steps for creating checklists based on multilevel competency indicator
trees. The tables describe the four levels of competency acquisition. Based on the experiments carried out on the
use of such tables for retake disciplines when transferring a student from one specialty to another, the following
recommendations are made: if it is necessary to obtain a mark of the “Test” type in the Host University, the com-
parison is made according to the second level indicators; if it is necessary to obtain a mark of the type “Graded
test/Test with a grade” in the Host University, the comparison is made according to the third level indicators; if
it is necessary to obtain a mark of the “Exam” type in the Host University, the comparison is made according to
the indicators of the deepest level for this indicator of the first level. The technique has been successfully tested
for moving of a student within Kazan National Research Technical University named after A. N. Tupolev-KAI
between the academic programs Aircraft Engineering and Applied Mathematics and Informatics.

Discussion and Conclusion. The proposed multilevel system of interuniversity indicators will significantly sim-
plify the procedure for transferring subjects for students who are moved from one study program to another at any
level — whether within one university, or between different universities of the Russian Federation. The use of an
automated system for comparing the level of knowledge of a student when moving from one university to another
will not only reduce the time of a student and teachers, but also eliminate the human factor, bias and subjectivity
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in the process of making decisions about transferring, and increase the transparency of this process. All this to-
gether will contribute to the development of academic mobility of students, increasing their competitiveness in the
labor market and strengthening academic interuniversity relationships both in Russia and abroad.
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AnHomayus

BBenenne. B HacTos1ee Bpems B rporiecce 00ydeHus Bce O0IbIle CTYCHTOB MEHSIOT HallpaBJIeHNUE OATOTOBKH
60 By3. B cBsi3u ¢ 9TUM BO3HHMKaeT npobiieMa, Kak OIpeJIelIUTh, COOTBETCTBYET JIM YPOBEHb 3HAHHUHN CTYJCHTA
KPHUTEPHSAM TPUHIMAIOIIETo By3a. [IpocToro cpaBHeHHs KOMIETEHIIMH OBIBAaeT SBHO HexocTaTtouHo. ITosTomy
ABTOPBI CTAaThU NPEAJIaraloT HOBYI0O CUCTEMY CPAaBHECHUS UMCIOLINUXCS U Tpe6yeMle Ha HOBOM MECTE y‘-leGbI 3Ha-
Hui (komnereHimit). Llenb cTaTbyn — NMPEACTaBUTH PE3yNIbTaThl UCCIIEAOBAHMS 110 pa3paboTKe W NPHUMEHEHHIO
Ha TIPaKTHKEe CHEHH(DUUSCKUX «IEePEeBHEB KOMIIETCHIINIT», TTO3BOMISIONINX POM3BOIUTH CPAaBHEHNE U TIepe3adeT
JAUCHUIINIMH aBTOMAaTHYCCKH.

Marepuajbl 1 MeTOAbI. B 0CHOBe ncciieoBaHus JIeKaT METOJ(bl CHCTEMHOTO aHalln3a sl ciabodopmann3sye-
MBIX TIPOOIEM: METOJ] SKCIIEPTHBIX OIIEHOK M METOJ AepeBa 1eneil. st HemocpeICTBEHHON pa3padoTKN HCTIOIb-
30BaH METO[| IIOCTPOCHUs OMHAPHBIX JIePEBLEB MPHUHATHA peleHuid. st oueHkn 3¢ dexTHBHOCTH pa3paboTaH-
HOTO METO/1a NCIIOIb30BAINCH METO/bI HAOIIOCHNS U CPABHEHHMSI.

Pe3yabTaThl HecsieioBaHus. B cTaThe ommcaHbl KOHKPETHBIE MIATH MO CO3JAHHUIO CIIEIN(HIECKUX MTPOBEPOI-
HBIX TaGJ'II/IL[ Ha OCHOBE MHOTOYPOBHEBBLIX I€PEBHEB NHIUKATOPOB KOMHeTeHLlPIﬁ, B KOTOPBIX MPEACTABJICHbI Y€~
TBIPE YPOBHS NPUOOpeTeHus KoMneTeHuid. Ha ocHOBaHMM NPOBEIEHHBIX YKCHEPHMEHTOB 0 HCIIOIb30BAHUIO
TaKUX TaOJIHI IS TIepecAaun IUCIUILIIH TPH MEPEBOE CTy/ACHTAa C OTHON CIIENNATbHOCTH Ha JIPYTYIO TAIOTCS
pekoMeHaanuu. MeToika Ipoluia yCHeHy o anpo0anuio Mpy nepeBojie CTyJeHTa B pamkax KasaHckoro Ha-
LMOHAIBEHOTO MCCIIEIOBATENILCKOro TexHUueckoro yausepcutera uM. A. H. Tynonesa-KAU mexny obGpasosa-
TeNBHBIMH TporpamMmamu «Camoneroctpoenue» u «IIpukmagHas MaremMaTnka 1 HHQOPMAaTHKA.

Obcyxnenne u 3akaouenne. CrenanHble aBTOPAMHU BBIBOJBI OYyT CIIOCOOCTBOBATh Pa3BUTHIO aKaIeMUUECKON
MOOMIIEHOCTH CTY/ICHTOB, TTOBBIIICHHIO X KOHKYPEHTOCIOCOOHOCTH Ha PBHIHKE TPyJa M YKPEIUICHHIO aKaJeMU-
YECKUX MEXBY30BCKHX OTHOILIEHHUH Kak B Poccuiickoit @enepannu, Tak 1 BO BCEM MUPE.

Kniouesvle cnosa: MeXBYy30BCKUE UHAUKATOPbI, MHOIOYPOBHEBbIC KOMIICTCHIIMU, JEPEBO KOMIICTECHIUHI, aKajie-
MHYecKasi MOOMIBHOCTB, MpodeccronanbHbIe KOMIIETEHIINHT, 00Pa30BaTeNbHbIH CTaHAAPT

Asmopul 3as81510m 06 OMCYMCmMEUU KOHGIUKMA UHMEPECos.
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Hna yumuposanus: TeXHOIOTHS MHOTOYPOBHEBBIX MEKBY30BCKHX HHIMKATOPOB KaK (DaKTOp MOBBIIICHHS aKaJe-
MHYECKOH MOOMIBHOCTH. BHYTPHPOCCHICKUI OITBIT Ha OCHOBE (peiepalIbHBIX TOCYapCTBEHHBIX 00pa3oBaTellb-
HbIX cranaaptoB / A. I1. Cuerypenko [u ap.] // MaTerpamms obpazoBanus. 2022. T. 26, Ne 1. C. 55-71. doi: https:/

doi.org/10.15507/1991-9468.106.026.202201.055-071

Introduction

Academic mobility has become a chara-
cteristic feature of modern higher education.
The mobility of students from one university
to another, both nationally and international-
ly, is becoming commonplace. This trend,
of course, carries many positive aspects, in-
creasing the competitiveness of the students
themselves, and providing the dynamically
changing needs of the modern labor mar-
ket' [1]. However, this sets new goals and
objectives for higher education institutions,
which were not relevant before Russia joined
the Bologna process [2; 3].

Specialists of higher education know that
the same educational programs in different
universities are provided at times with a com-
pletely different set of studied modules [4; 5].
When moving from one university to another,
even at the level of one region and within one
study program, a student must, as it is com-
monly called, “cover the difference in plans” —
what means that the student retakes at the host
university those disciplines that he/she “has
not studied” earlier. At the same time, the con-
tent of the module does not make a difference.
If the name of the module is not included in
the home university curriculum, this automati-
cally requires that the mobile students have to
retake this subject at the host university. Also,
a student may find himself/herself in a similar
situation if he/she substantially changes his/
her study area moving to the next cycle of hig-
her education, e.g. the postgraduate program ,
but some specific competencies have already
been mastered by him/her during the under-
graduate program [6; 7].

Even within the one university, the process
of transition between related subject areas is
associated with the need to retake a number
of modules, often essentially identical. Let
us give a typical example. KNRTU-KAI is
a technical university that educates engineers
for high-tech industries and the IT industry.
In particular, education is underway in such
undergraduate programs as Aircraft Enginee-
ring (subject area code 24.03.04), and Applied
Mathematics and Informatics (subject area
code 01.03.02), whose curricula are available
on the university website?. According to the
ideology of intra-university mobility imple-
mented over the past 5 years, the curricula are
built in such a way that during the first two
years of study (Semesters 1-4), students have
the opportunity to change the study program
to another one, if budget places are available.
Both of these subject areas require a strong
mathematical background at the initial stage
of training.

On the first program (24.03.04), within the
framework of professional activity, specialists
will build aircraft (Aviation Engineering), on
the second (01.03.02), specialists will deve-
lop software (Software Engineering).

So, for the subject area 24.03.04, this is
a three-semester course of Higher Mathema-
tics, which includes such branches as Linear
Algebra and Analytical Geometry, Mathe-
matical Analysis, Differential Equations,
Probability Theory and Mathematical Statis-
tics, Equations of Mathematical Physics (Se-
mester No. 1-3, Total Workload is 18 Credit
Points)®>. Within the framework of the sub-
ject area 01.03.02, students receive the same

! Zaydullin S., Novikova S. The Concept of International Educational Environment for Learning It-Specia-

lists based on Requests of the Labour Market. Uchenye zapiski Instituta sotsialnykh i gumanitarnykh znaniy =
Scientific Notes of the Institute of Social and Humanitarian Knowledge. 2016; (1):245-249. Available at: https://
isgz.ru/images/ISGZ/UchZapiski/Arhiv/uz 1 16.pdf (accessed 01.08.2021). (In Russ., abstract in Eng.)

2 [Curriculum of the Bachelor Program. Specialty 03.24.04 Aviation. Profile “Aircraft”] [Electronic resource].
Kazan: KNRTU-KAI; 2019. Available at: https://umk.kai.ru/2019 VII1 85 2 973180.pdf (accessed 10.07.2021).
(In Russ.); [Curriculum of the Bachelor Program. Specialty 01.03.02 Applied Mathematics and Informatics. Pro-
file “Mathematical and Software of Computers”]. [Electronic resource]. Kazan: KNRTU-KAI; 2019. Available at:
https://umk.kai.ru/2019 %D0%A3%D0%9F1 85 2 973180.pdf (accessed 10.07.2021). (In Russ.)

* Anisimova 1.V,, Ignatiev V.N., Takseitov R.R. [Work Program of Discipline B1.0.07 “Higher Mathema-
tics”] [Electronic resource]. Kazan: KNRTU-KAI; 2019. Available at: https://umk.kai.ru/2019_%D0%A0%D0%
9F%D0%94 327 78 2 33786.pdf (accessed 10.07.2021). (In Russ.)
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competencies from a wider set of disciplines.
Some courses are studied separately, e.g. Li-
near Algebra and Analytical Geometry (Se-
mester No. 1, 4 Cr. Points), Mathematical
Analysis I-1I-III (Semester No. 1-3, 16 Cr.
Points), Differential Equations added with
elements of equations of mathematical phy-
sics (Semester No. 4, 5 Cr. Points), Proba-
bility Theory and Mathematical Statistics
(Semester No. 3-4, 7 Cr. Points)*.

Even with a superficial comparison of the
mathematical blocks of these two directions,
a number of logical conclusions that are un-
derstandable to any teacher can be drawn:

— Despite the different names, the mo-
dules cover the same branches of Mathema-
tics, and form essentially the same general
professional competences called OPK-1 in
the corresponding Federal State Educational
Standard of Higher Education, which is also
confirmed by the similarity of indicators for
achieving these competencies. For example,
for the disciplines of the theoretical mathe-
matical block®, and for the block of compu-
tational mathematical disciplines®;

— Depth of mastering the branches in this
two programs, however, is different, which
is easy to see from the almost two-fold dif-
ference in the number of credits allocated for
mastering the module’;

— Students wishing to change the area of
future professional activity from Software
Engineering to Aviation Engineering, almost
completely cover the mathematical block
of the receiving subject area, and they do
not need to retake the module “Higher Ma-
thematics”. This is explained by the com-
plete alignment of the studied list of modules

of the mathematical block for 01.03.02 sub-
ject area with the list of mathematical block
for 24.03.04 subject area, while the workload
of the mathematical block in the first program
significantly exceeds the workload of the si-
milar block in the second program;

— At first glance, students who change
their activity from Aviation Engineering to
Software Engineering also do not need to re-
take a number of modules of the receiving
subject area, as they studied them as part of
the generalized course of Higher Mathema-
tics. However, due to the smaller number of
hours allocated for each branch of Mathe-
matics, the full mastery by the student of the
competencies in accordance with the acade-
mic program of 01.03.02 subject area is not
obvious and requires an in-depth study of
this issue.

According to current practice, students
of both directions, when changing their pro-
grams of study, are required to retake a full
list of modules with clearly distinct names.
This approach requires a lot of additional
time from both the students and the teachers
of the receiving subject area, which compli-
cates the already difficult period of adapta-
tion of the student to the new requirements
and learning conditions on the one hand, and
takes a lot of the teacher’s time on the other.

The solution to the problem can be the
creation of a system of multilevel indicators
reflecting the mastering of certain clearly de-
fined professional competencies. The indica-
tors of the upper level will reflect the mastery
of some sections of knowledge in general,
with a decrease in the levels, the more pre-
cise details will be made. Thus, a tree of

4 Emaletdinova L.Yu., Kabirova A.N. [Work Program of Discipline B1.0.07.01 Linear Algebra and Analy-

tic Geometry] [Electronic resource]. Kazan: KNRTU-KAI; 2019. Available at: https://umk.kai.ru/2019_%D0%A
0%D0%9F%D0%94 346 106 27 35864.pdf (accessed 10.07.2021). (In Russ.); Zabotin V.I. [Work Program of
Discipline B1.0.07.02 Mathematical analysis I-III] [Electronic resource]. Kazan: KNRTU-KAI; 2019. Available
at: https://umk kai.ru/2019 %D0%A0%D0%9F%D0%94 346 5492 27 35865.pdf (accessed 10.07.2021). (In
Russ.); Nesterova L.E. [Work Program of Discipline B1.0.17 Differential Equations] [Electronic resource]. Kazan:
KNRTU-KALI; 2019. Available at: https://umk.kai.ru/2019 %D0%A0%D0%9F%D0%94 346 28 27 35881.pdf
(accessed 10.07.2021). (In Russ.); Rodnischev N.E., Medvedeva S.N. [Work Program of Discipline B1.0.07.03
Probability Theory and Mathematical Statistics] [Electronic resource]. Kazan: KNRTU-KAI; 2019. Available at:
https://umk.kai.ru/2019_%D0%A0%D0%9F%D0%94 346 319 27 35866.pdf (accessed 10.07.2021). (In Russ.)

5 Anisimova L.V, Ignatiev V.N., Takseitov R.R. [Work Program of Discipline B1.0.07 “Higher Mathematics™].
(In Russ.); Emaletdinova L.Yu., Kabirova A.N. [Work Program of Discipline B1.0.07.01 Linear Algebra and Analytic
Geometry]. (In Russ.); Zabotin V.I. [Work Program of Discipline B1.0.07.02 Mathematical analysis I-III]. (In Russ.)

¢ Nesterova L.E. [Work Program of Discipline B1.0.17 Differential Equations]. (In Russ.); Rodnischev N.E.,
Medvedeva S.N. [Work Program of Discipline B1.0.07.03 Probability Theory and Mathematical Statistics]. (In Russ.)

7 [Curriculum of the Bachelor Program. Specialty 03.24.04 Aviation. Profile “Aircraft”]. (In Russ.); [Curric-
ulum of the Bachelor Program. Specialty 01.03.02 Applied Mathematics and Informatics. Profile “Mathematical
and Software of Computers”]. (In Russ.)
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indicators, or competencies, will be built
for each subject area. Each course studied
within the framework of the academic pro-
gram should be equipped with a similar tree,
which will allow, when moving a student,
to compare the levels of mastering compe-
tencies at a given level, and to reevaluate as
a whole according to the mastered part of the
curriculum without reference to the name
of a specific module. This will significantly
simplify the process of students’ mobility be-
tween subject areas within one university, as
well as from one university to another.

Literature Review

Thus, it is obvious that it is necessary to
create a system that would make it possible,
without additional checks of knowledge, to
assess which sections of subjects have al-
ready been mastered by the student at his/
her home university (institute, faculty), and
which he needs to master additionally in or-
der to bring his knowledge in line with the
curriculum of the host university. To do this,
it is initially necessary to determine what ex-
actly will be an indicator of such an assess-
ment. Here, in contrast to the point-rating
system, we are not talking about the success
of the student’s mastering of competencies,
but only about the very fact of studying the
corresponding academic topic. The degree
of success is expressed by the grade that the
student has already received for a specific
subject at home university [8—10].

The indicator, therefore, has a binary
character of the “Mastered/Not Mastered”
type of specific subject and is assigned, there-
fore, to the subject itself or to its section. Ho-
wever, as it was shown earlier on the example
of two training programs of KNRTU-KAI,
what is a separate subject in one curricu-
lum, in another can be only a part (section) of
a subject with a different name. This circum-
stance dictates to us the need to create a tree
of indicators, where each indicator of the up-
per level contains all the knowledge of the
indicators of the lower level, described with
a greater degree of specification.

According to this principle, for example,
the UDC tree-classifier (Universal Decimal
Classifier) is built — a system for organizing
information used to systematize works of
science, literature, periodicals, various types
of documents, etc. The leaf (final top) of
such a tree is a highly specialized section of
scientific knowledge, for example, 004.023:
“Heuristic Methods for Solving Problems”.
Intermediate nodes of the tree contain gene-
ralizing definitions of the vertices of the lo-
wer levels, for example, the above-mentioned
section “Heuristic Methods” is combined
with the top-leaf 004.021 “Algorithms” by
the top-level top 004.02 “Methods for Sol-
ving Problems” (Fig. 1).

For the problem to be solved, the nodes
of the tree must contain definitions of the ac-
quired knowledge within the framework
of the studied disciplines. The system of
educational competencies in Russia is still
rather poorly developed. Despite numerous
attempts to modernize and concretize the
content of competencies for each acade-
mic program, their description is still rather
vague and allows for a variety of interpreta-
tions. An example is the already mentioned
competences of the OPK-1 Aircraft Enginee-
ring and Applied Mathematics and Informa-
tics. Also, many of the competencies that are
present in modern educational standards in
Russia practically do not lend themselves to
an adequate generally recognized quantita-
tive assessment.

In a sense, the classifiers that assess the
depth of knowledge in a specific area include
professional standards, the procedure for the
development and approval of which is de-
termined by the Decree of the Government
of the Russian Federation dated January 22,
2013 No. 23 (as amended on September
02, 2018) “On the Rules for the Develop-
ment and Approval of Professional Stan-
dards”. The advantage of these standards
should be considered the maximum compli-
ance declared by their developers to the real
needs of the labor market® [11]. However, the
fact that standards can be freely developed

8 Novikova S., Zaydullin S. The Implementation of a Flexible Educational Path for It-Specialists on the Basis
of Cluster Approach to E-Learning. Uchenye zapiski Instituta sotsialnykh i gumanitarnykh znaniy = Scientific
Notes of the Institute of Social and Humanitarian Knowledge. 2016; (1):423-427. Available at: https://www.isgz.
ru/images/ISGZ/UchZapiski/Arhiv/uz_1 16.pdf (accessed 01.08.2021). (In Russ., abstract in Eng.)
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00:
Science in General

001

Science in General. Science Studies.
. | Organization of Knowledge Work

004

Science

Information Technology. Computer
Technology. Theoretical Computer

004.01
Documentation

004.02

Problem-Solving

Techniques
004.021
Algorithms
004.023
Heuristic Methods

Fig. 1. The Structure of the Classifier Tree of the UDC System (Fragment)

by any employers, both with the participa-
tion of educational organizations of profes-
sional education and without them, leads to
the absence of a single unified classification
scheme, which makes it impossible to apply
this approach to the problem being solved.
In this sense, it is much more practical,
for example, the standard created by the Eu-
ropean Association for Engineering Educa-
tion, known as the SEFI Standard. It describes
the list of skills and knowledge that enginee-
ring students should have. SEFI covers ba-
sic mathematical parts (sections) studied in
technical universities: Linear Algebra, Ma-
thematical Analysis, Discrete Mathematics,

(4 level0
o4 levell
[*3 analysis-and-calculus-level1
[#4 discrete-mathematics-level1
I3 geometry-levell
4 linear-algebra-levell
[#4 least-square-curve-fitting

Probability Theory, and some others [12; 13].
The standard contains a set of specific crite-
ria. The standard at the top level contains sec-
tions of knowledge for each subject studied
that must be mastered. For each section, a list
of skills is given that derive from the know-
ledge of the upper level. The standard at the
top level contains sections of knowledge for
each subject studied that must be mastered.
A list of skills is then given for each section
that derives from the top-level knowledge.
The criterion for grouping skills is the level of
difficulty. Difficulty levels are basic (level 0),
intermediate (level 1), advanced (level 2), and
most difficult (level 3) (Fig. 2).

4 linear-spaces-and-transformations

[#4 matrices-and-determinants

calculate_the_rank_of_a_matrix
determine_any_scalar_multiple_of_a_matrix
obtain_the_transpose_of_a_matrix
state_the_criterion_for_a_square_matrix_to_have_an_inverse

Fig. 2. Fragment of the Classifier Tree According to the SEFI Standard
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Despite the apparent conformity of the
SEFI Standard to the task at hand, it cannot
be unconditionally accepted as a model for
the system being developed, since the levels
of the tree here are arranged according to the
principle of the complexity of knowledge,
and not according to sections and subsec-
tions of the module.

Materials and Methods

In the context of the problem being
solved, professional competencies mean
knowledge and skills in a specific given sec-
tion from the knowledge area described [14;
15]. Binding to a specific module is not al-
lowed. We offer a multi-level system of indi-
cators based on the provisions of the Federal
State Educational Standard:

The first (root) level of the classifier is
a section of scientific knowledge according
to the All-Russian classifier of specialties
education (Classifier OK 009-2016). For ex-
ample, “Higher Mathematics”.

The second level is the classification of
the designated scientific knowledge accord-
ing to the principle of “Field of Knowledge as
a Module”. Unfortunately, it is impossible to
rely on the current educational standards, so
this classification is proposed to be carried
out according to the educational standard’.
So for Higher Mathematics, the standard de-
fines the following sections: Mathematical
Analysis, Algebra, Analytic Geometry, Li-
near Algebra and Geometry, Discrete Math,
Mathematical Logic, Differential Equations,
Differential Geometry, Difference Equations,
Topology, Functional Analysis and Integral
Equations, Theory of Functions of a Com-
plex Variable, Partial Differential Equations
(Methods of Mathematical Physics), Proba-
bility Theory, Math Statistics, Theory of Sto-
chastic Processes, Calculus of Variations and
Optimization Methods, Calculation Methods
(Numerical Methods), Number Theory.

The third level assumes further specifi-
cation of each of the selected sections. We

will use the same standard'’, which also
contains a complete list of requirements
for the mandatory minimum content of the
undergraduate program, which is, in fact,
a list of sections for each discipline. Also,
for each section, this standard also indicates
subsections, which makes it possible to gen-
erate the fourth, last (leaf) level of the clas-
sifying tree.

So, for example, the module “Mathema-
tical Analysis” contains 20 sections, inclu-
ding Theory of Limits, Continuous Func-
tions, Differentials and Derivatives, Indefinite
Integral, Definite Integral, and others.

Subsections of the section Differen-
tials and Derivatives are Differentiability of
a Function at a Point; Derivative at a Point,
Differential and Their Geometric Meaning;
Mechanical Meaning of the Derivative; Dif-
ferentiation Rules; Derivatives and Differen-
tials of Higher Orders; Leibniz Formula.

Not all knowledge areas contain the
same number of nested sections and subsec-
tions. So, for example, according to'' for the
Philosophy knowledge area, not three, as for
mathematics, will be defined, but two nested
levels of the tree: the area includes 9 basic
modules: Logic, Ontology and Theory of
Knowledge, Social Philosophy, History of
Foreign Philosophy, History of Russian Phi-
losophy, Ethics, Aesthetics, Philosophy of
Religion, Philosophy and Methodology of
Science, each of which contains from 6 to
10 sections without subsections. For exam-
ple, the module History of Russian Philoso-
phy includes the following six sections:

— Subject of the Russian Philosophy
History;

— Philosophical Thought of Russia in the
10" — 17" Centuries;

— Philosophy of the Enlightenment in
Russia;

— Main Philosophical Trends of the 19
Century;

— Philosophy of the Russian Diaspora;

— Russian Philosophy in the 20 Century.

? [State Educational Standard of Higher Professional Education. Specialty 01.01.00 “Mathematics”. Qualifi-
cation “Mathematician”. Ed by Lupanov O.B. Moscow; 2000. (In Russ.)

10 Ibid.

' [State Educational Standard of Higher Professional Education. Specialty 02.01.00. “Philosophy”. Qualifi-
cation “Mathematician”. Ed by Saletsky A.M. Moscow; 2000. (In Russ.)
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In this case, the classification tree will
have three levels of detail.

The opposite situation is also possible,
when the number of nesting levels of the
classifier for a certain knowledge area will
be more than four. According to the authors,
one should confine oneself to a maximum of
four levels, since with more detail the practi-
cal use of a multi-level system of indicators
will become too complicated.

Thus, on the basis of the All-Russian
Classifier of Education Specialties and
State Educational Standards, a multilevel
system of indicators for assessing the pro-
fessional competencies achievement will be
built in the form of a classifying tree. For
the convenience of practical application,
each node of the tree must be assigned an
individual code by analogy with the UDC
classification, which will allow “tracing”

1st Level
Indicators

2nd Level
Indicators

001
Higher Mathematics

001.01
Mathematical

Continuous
Functions

the succession of sections and subsections
of knowledge (Fig. 3).

Results
A Way of Using Multilevel Indicators

to Check the Compliance of the Student’s

Knowledge with the Requirements

of the Host University

Formation of tables of indicators for
the subsequent comparison of the practical
competencies obtained. For the practical use
of the proposed approach, it is necessary for
each discipline studied as part of the curricu-
lum to determine a table of indicators with-
out reference to the name of the subject it-
self. The table should contain the numbers of
the indicators according to the levels defined
in the previous section. One of the possible
options for the structure of such tables may
be, for example, the following (Table 1).

3rd Level ; 4th Level
Indicators E Indicators
001.01.01 e 001.01.01.01

Differentiability
of a Function
at a Point

Analysis

001.02
Algebra

002
Philosophy

002.01
Logic

002.05
History of Russian
Philosophy

001.01.02
Differentials
and Derivatives

001.01.01.02
Derivative at a Point,
Differential and Their
Geometric Meaning

002.05.01

Subject of the
Russian Philosophy
History

002.05.02
Philosophical
Thought of Russia
in the X-XVII

Fig. 3. Examples of Possible Organization of Multilevel Indicators in the Form of a Four- and Three-Level Tree

Table 1. A Variant of the Structure of the Table of Indicators of the Curriculum

Indicator Set for Level 1

Indicator Set for Level 2

Indicator Set for Level 3 | Indicator Set for Level 4

Set of indicators’ codes
“1” for level 1 of curri-
culum

Name of
the Cur-
riculum

1% level indicator

62

Set of indicators’ codes
“1.2” for level 2 of each

Set of indicators’ codes
“1.2.3.4” for level 4 of
each 3" level indicator

Set of indicators’ codes
“1.2.3” for level 3 of
each 2"level indicator
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Such a structure represents the indicator
tree proposed in the previous section in the
form of a table and allows simple software
implementation. This aspect is important,
since in a modern university all documenta-
tion is kept in electronic form [16; 17], and
information is stored in the form of databa-
ses, most often of a relational type [18; 19],
focused on working with tables, not graphs.
Therefore, the proposed structure for ac-
counting indicators will not require global
changes or modernization of the existing re-
cording system at the university.

Initially, indicators should be indicated
in each working program of the curriculum
module. At KNRTU-KAI, working pro-
grams are created in a semi-automatic mode
using special software that generates work-
ing programs. This generator can be easily
updated by automatic switching on of indi-
cators of the first, and for some disciplines
and the second level (Fig. 4-5).

Indicators of lower levels can be added
manually when further filling out the pro-
posed forms (for example, in the form of
a drop-down list) at the stage of filling in the
content of working programs (Fig. 6).

The generated working programs are
saved as xml files [20; 21], and then can

Zj 01.03.02 61.0.01 Gunocodma

YueGheiii nnan  PaBouan nporpamma  Oreercreennonyza YMK O npnnoserin

be subjected to a special parsing proce-
dure [22-24] to extract information about
indicators, with further automatic filling of
the final table, as in Table 1. For example,
the summary table of indicators may look as
follows (Table 2).

The process of checking the compliance
of the student s knowledge with the require-
ments of the Host University according to
the indicator tables. So, when moving to
another university (faculty, area of study),
each student will have a table of indicators
of the knowledge received in the previous
place of study in accordance with the curri-
culum adopted there. In the new university,
this table should be compared with the table
of indicators of the host university (faculty)
curriculum. At the same time, the authors
propose to choose the level of comparison
of indicators according to the following
principle:

— if it is necessary to obtain a mark of
the “Test” type in the Host University, the
comparison is made according to the second
level indicators;

—if it is necessary to obtain a mark of the
type “Graded test/Test with a grade” in the
Host University, the comparison is made ac-
cording to the third level indicators;

Tuyn | Muc nomoen | 1.1-4 Liens. sasaun | 1.5. Komneterum | 2.1-2 Coneparine | 2.3, Kypcosan patiora | 3.1:2 #0C | 3.3, BFC | 41.1-3 Mureparypa | 4.1.45 Vo obecnesenvie | 4.2. MTO | 5. Vrmamias | Mot namerermn

MWHWCTEPCTEO HAVKH W BEICIIETD OBPA30BAHWA POCCMACKOR ENEPALINM

HrcrumyT [FrcTumyT KovbeTepros exronormA i

YTBEPKIAD
Mpopextop no Of1
AA T

e
«2T» wapra 2019t

BncwmnmE

Popua obyuerwn.  ounan

Hanpasnerve noaroToskwcnewsanshocTs.

(npocpune, nporpamia).

01.03.02 Mpmenasnan maremaTa 1 wicbopniaTika

Kasans 2019

Bua paGoqei NpoOrpaMMbL
[ 1_ranpasnersts_n_1_nposmna =

—

\, Automatic assignment of

first level indicators is
possible

Fig. 4. Example of the Choice of Modules in the Automatic Generator of Working Programs with the Ability
to Automatically Determine Indicators of the Same Level
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= 01,03.0261,0.07.01 /luieinan areBpa u SHANNTAYECKAA FEOMETPHA

Yuebhbifi nnan  PaBouan O sa¥YMK O

Turyn | Mot noanucstt | 1.1-4 Lisn. sanaw | 1.5, Komnereruun | 2.1-2 Conepxarine | 2.3. Kipcosan patora | 3.2 0C | 33.5FC | 4.1.1-3 Mhureparypa | 4.1.45 Ure. obecneverne | 42 MTO | 5. Wisananst | Tinor wamenersss |

MAHWCTEPCTEO HAYKM M BEICWETD OEPA20BAHWA POCCHACKOR EQERALIMMA

. AH. Tynonesa-Kalt

Lo [rcnmyT komneeepron rexonormh n saue wibopmasm =
VTBEPXIIALD
Przs=mmnEh B paoven nperpain
A Tionsmn
Tz mapra 2018w, [ine_1_ranpasnensa_n_1_npouns =

PABOYAA MPOrPAMMA
BAcwnmL

et
51.0.07.01 W 1 aHaUTAuECKan reomeTpus] |

Keanwpuaius: Gakanasp Automatic assignment of
Popua obyuenmn  owsan indicators of the first and
0103021 second levels is possible

i

Kasams 2019

Fig. 5. Example of the Choice of Modules in an Automatic Generator of Working Programs with the Ability
to Automatically Determine Indicators of Two Levels

= 01.03.02 51.0.07.01 /lukeiiigs anreBpa u aHANNTHUECKAR FEOMETPHA

Yuebrbiii nnan  Pabouas o saYMK O

Timyn | Muctnomuscen | 1.1 Llens, sanzut | 1.5. Kormeremum  2.1-2 Conepaarve | 2.3, Kypcosan padora | 3.1-2 POC | 3.3, BPC | 4.1.1-3 [lureparypa | 4.1.45 Huep. ofecnevere | 4.2 MTO | 5. Vmannas: | Mnct wamenerni
2 COREPXAHWE IMCLIANAVHE! (MOZIYTIA)
2.1 Crpyxrypa arcumnnmio (mogynw) Cemectp: |1 ~
(Moayna), Temam

[
(PESRENBM), € yKBIBHIEM OTEEEHHOND H2 HID. KOMUNECTER.
‘BKAREMIMECKI. 42008 1 BROE yEBHOM paBOTE NpHBEAE S & TabmLE

FEN <Branve! Croney ¢ yacamu na pabory ExmouseT uacsl, Ha kypcosyio pasoty
(KYPCOBON NPOEKT) K W MEXTY PASAENAMN KaK HACTD

Tabnnua 2.1 - Pasnens SuCumnuts! (MORYRR) 1 BRI yueBHOR paBoTe! T

CamocTosTenshan

PpaboTa N N .

h:-é:a&ma Program execution is possible:

ore g
Beero Mafioparoj | Mpaxmec| wmarepuan), select the indicator code from

HaHMEHOBAHAS PaSREN0B ACLUNMUHBI (Monyns) = o |25 | s Conspxarue

Epcecmon the drop-down menu

/npoeka,

nomroToRKa U

A,

{peane nomAHo Geims 0)

it “Delete” NoSasis pasnen

Fig. 6. Variant of the Form for Adding Specifying Indicators of 3 and 4 Levels when Filling Out the Content
of the Module in the Generator of Working Programs
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Table 2. Variant of the Final Form of the Table of Indicators (Fragment)

Indicator Set for Level 1 | Indicator Set for Level 2 | Indicator Set for Level 3 | Indicator Set for Level 4
001.03.07.02
. 001.03 001.03.01 001.03.07.04
3 001.03.07
=
.2 001.04
é 001 001.08.03.01
2 001.08 001.08.03 001.08.03.02
%’ 001.08.03.07
o seee
§ 002.01.01
= .01.
002 002.01 002.01.07
002.03 002.03.02

— if it is necessary to obtain a mark of
the “Exam” type in the Host University, the
comparison is made according to the indica-
tors of the deepest level for this indicator of
the first level.

Let us note that in each university, the
principle of selecting the level of compari-
son of indicators can be determined inde-
pendently, based on its own specifics and
requirements [25-27].

If, when comparing tables according to
the selected level of indicators, the codes of
the Host University coincide with the codes
of the tables of the Home University, a re-
take is not required. Otherwise, the student
needs to retake only those sections of the se-
lected modules that correspond to the unco-
vered indicators.

An Example of the Application
of the Developed Multilevel Indicators
for Automatic Transfer Credit

Let us consider the moving of a student
within KNRTU-KAI between the academic
programs Aircraft Engineering and Applied
Mathematics and Informatics. For simplici-
ty, we will restrict ourselves to the modules
of the mathematical block listed above.

Consider the conditional assignment of
codes (Fig. 7).

Initially on Aircraft Engineering pro-
gram the student, we recall, has studied the
module “Higher Mathematics” with the fol-
lowing sections: Linear Algebra and Analy-
tical Geometry (code 001.04), Mathematical
Analysis (code 001.01), Differential Equa-
tions (code 001.06), Probability Theory and

ACADEMIC INTEGRATION

Mathematical Statistics (codes 001.07 and
001.08) and Equations of Mathematical Phy-
sics (refers to section 001.06). Thus, a set of
indicators of the second level, characterizing
the development of knowledge in the section,
has been determined. Indicators of deeper le-
vels are determined based on the content of
the working program of the modules. Sup-
pose in the section “Mathematical Analysis”
have been studied continuous functions with
detailing subtopics, and the theory of limits
without detailing. In the section “Probabili-
ty Theory and Mathematical Statistics”, the
topics “Random Variables and Vectors” have
been studied with detail. Then you can cre-
ate a layout of the indicator Table 3.

In the study program “Applied Mathe-
matics and Informatics” students learn sep-
arate modules: Mathematical Analysis (code
001.01), Linear Algebra and Analytical Geo-
metry (code 001.04), Differential Equations
(code 001.06), Probability Theory and Mathe-
matical Statistics (codes 001.07 and 001.08)
with detail for all sections (topics) and sub-
sections. Let us compose a conditional table
of indicators for the mathematical block of
this study program (Table 4).

After both tables have been drawn up,
the decision on the need to retake or credit
transfer of certain sections or modules is
made as follows:

—inthe case of final attestation in the form
of “Test”, the moving to any of both study
programs does not require an additional test
of knowledge, since the list of second-level
indicators in both tables is identical;
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001
Higher Mathematics

001.01
Mathematical Analysis

001.02
Algebra

001.03
Analytic Geometry

001.04
Linear Algebra and
Geometry

001.05
Discrete Math

001.06
Differential Equations

001.07
Probability Theory

001.08 P
Math Statistics

001.01.01 L. 001.01.01.01
Continuous Functions « | Differentiability of
a Function at a Point
001.01.02
Differentials and
Derivatives 001.01.01.02
| Derivative at a Point,
Differential and Their
001.01.03 Geometric Meaning
Theory of Limits
001.01.04 ___| oor.07.01.01
Indefinite Integral Operations on Events
001.01.05
Definite Integral 001.07.01.02
|| Algebra and Sigma
Algebra of Simple
Events
001.07.01
Probability 001.07.01.03
[ | Measurable Space
001.07.02 e
Sandom Variables and 001.07.02.01
|| Functions of Random

Variables and Vectors
Distribution

001.07.02.02
Functions of Random
Variables

Fig. 7. Variant of Assigning Codes to the Indicator Tree of the Higher Mathematics Section (Fragment)

Table 3. A Variant of the Conditional Table of Indicators of the Mathematical Block of the
Study Area 24.03.04 for the “Higher Mathematics” block

24.03.04-Aircraft Engineering

Indicator Set for Level 1

001

Indicator Set for Level 2 | Indicator Set for Level 3 | Indicator Set for Level 4
001.01.01.02
001.01 001.01.01 001.01.01.05
001.01.03 -
001.04
001.06
001.07.02.01
001.07 001.07.02 001.07.02.02
001.08

Table 4. A Variant of the Conditional Table of Indicators of the Mathematical Block of the
Study Area 01.03.02

01.03.02-Applied Mathematics and

Indicator Set for Level 1

001

Informatics

Indicator Set for Level 2 | Indicator Set for Level 3 | Indicator Set for Level 4
001.01.01.01
001.01.01 001.01.01.02
001.01 001.01.01.04
001.01.01.05
001.01.03.02
001.01.03 001.01.03.05
001.04
001.06
001.07.02.01
001.07 001.07.02 001.07.02.02
001.07.02.04
001.08
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— in the case of final attestation in the
form of “Graded test/Test with a grade”, or
at the discretion of the administration of the
host educational institution, an additional
test is also not required, since the indicators
of the third level also coincide;

— in the case of final attestation in the
form of an “Exam”, the situation differs de-
pending on which study program the student
is moved from. In the case of moving from
the study program 01.03.02 to the program
24.03.04, a retake is not required, since all
the indicators of the 4™ level of the table for
24.03.04 are contained in the table of indica-
tors of the same level of the table 01.03.02.
In the case of a reverse moving, from the
program 24.03.04 to the program 01.03.02,
the student must confirm the knowledge of
the module sections, the indicators of which
have respectively the codes 001.01.01.01,
001.01.01.04, 001.01.03.02, 001.01.03.05,
001.07.02.04.

Discussion and Conclusion

The proposed multilevel system of inter-
university indicators will significantly sim-
plify the procedure for transferring subjects
for students who are moved from one study
program to another at any level — whether
within one university or between different
universities of the Russian Federation. The

proposed methodology can be extended to
foreign higher educational institutions. In
this case, one of the systems of this territo-
rial entity should be taken as indicators of
achieving a certain level of knowledge. So
for the universities of the European Union,
such indicators can be taken from the system
of standards of SEFI (European Society for
Engineering Education), although not with-
out reservations'?.

The use of an automated system for com-
paring the level of knowledge of a student
when moving from one university to another
will not only reduce the time of a student and
teachers, but also eliminate the human fac-
tor, bias and subjectivity in the process of
making decisions about transferring, and in-
crease the transparency of this process.

Also, research can be expanded by crea-
ting a technology of multi-level indicators
for the students transition from the bachelor
level to the magister level. Such a indica-
tors tree will allow bachelors to more ade-
quately choose their direction of study in
the magistracy.

All this together will contribute to the
development of academic mobility of stu-
dents, increasing their competitiveness in
the labor market and strengthening academic
interuniversity relationships both in Russia
and abroad.
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3asnenennulii 6K1a0 A8MOPOE:

A. II. CHerypeHKo — aBTOp HJICH.

C. C. 3aiinyminH — pa3pabOTUMK TEXHUYECKOH peann3anny; 3aBeyromuii kadeapoii npukiagHoi marema-
tuky 1 nHpopmatukn KHUTY-KAMN, na 6a3e KOTOpO MPOBOAMIICS SKCIIEPUMEHT.

C. B. HoBukoBa — CrenuaInucT mo MaTeMaTHYecKoMy MOJICIMPOBAHUIO; Pa3pabOTYHK TEOPETHYECKOro 00-
OCHOBAHMS UJICH.

H. JI. BanutoBa — yuactue B pa3pabOTKe U TEXHMYECKOM CONPOBOXKICHUH N1EJarOrMYECKOr0 SKCIEPUMEHTA.

3. III. KpemiieBa — yuacTre BO BHEAPEHUH MHOTOYPOBHEBBIX HHIMKATOPOB B y4eOHBIH TpoLecc.

Bce asmopul npouumanu u 0006punu oKoHYAMENbHbII 6APUAHIT PYKORUCU.
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