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Abstract

Modeling of training processes contributes to obtaining effective solutions of problems in the educational
system. One of the most important tasks in the planning of the educational process is computer-aided cur-
riculum design taking into account imposed limitations and the requirements set educational standards and
institutions in accordance with the competence-based approach. Despite the considerable amount of the
problem research, a systematic formulation of its solution does not exist. The approach is designed to obtain
such a decision involving the relationship between disciplines, competencies and teachers. Features of the
approach are connected with the formalization and generalization of semi-structured data. Its processing is
possible by using the basis of modern decision-making methods with initial uncertainty. Approaches to solv-
ing these problems are proposed. Based on the received set of education profile field competences the for-
mation model of the curriculum is constructed. This problem can be considered as an multi-criteria optimi-
zation problem.

AHHOTaUUsA

MopenpoBaHue yueGHOTO polecca CIoco6CTByeT 3G PeKTUBHOMY YIpaB/IeHHI0 B 06pa30BaTebHOM CH-
creMe. O/1HO} U3 BaXKHEHIIMX 33/1a4 B IVIAaHUPOBAHUHU y4e6GHOT0 IPOLiecca siB/IsieTCsl aBTOMaTH3UPOBaHHOE
NPOEKTUPOBaHKe Y4eGHOrO IJIaHa C yYeTOM HaKJ/1aJiblBaeMbIX OTPAaHUYeHH I 1 Tpe6OBaHUH, 3a/laHHbIX 06-
pas3oBaTeJbHbIM CTAaHJAPTOM M BY30M B COOTBETCTBUU C KOMIETEHTHOCTHBIM NoAx0AoM. HecMoTps Ha
3HAYUTeJbHOE KOJMYEeCTBO UCCIel0BAHHMH, IOCBSIEHHBIX PellleHHI0 3TON MPo6JIeMbl, CUCTEMHAst OCTa-
HOBKa eé pellleHHsI OTCYTCTBYeT. Pa3paGoTaHHbIH B cTaTbe MOAXOA K IOJyYeHHIO TAaKOTO PelleHUs] OCHO-
BaH Ha B3aMMOCBSI3M AMCLMILIMH, KOMIETEHIMH U npenojiaBaTeseil. 0COGEHHOCTH NMOAXOAA CBSI3aHbI C
He06X0AMMOCTbI0 GOpMaM3aL UK U 060061eHUS C1a60CTPYKTYPUPOBAHHBIX JAHHBIX, 00pab0TKa KOTOPbIX
BO3MOXKHA Ha OCHOBE COBPEMEHHbIX METO/[0B IPUHATHsI pellleHUH B YCJIOBHUAX UCXOAHOMN HeolpeeeHHO-
ctu. [Ipe/iyioxkeHbl MOAXO/bI K PelleHHI0 3TUX Npo6JeM. Ha ocHOBe moJiyyeHHOro HaGopa KOMIEeTeHIUH
npoduIs HanpaBJieHUs TOCTPOeHa MoZe/Ib GOPMHUPOBaHHUS y4e6GHOr0 IIaHa, IBJIsTIONIAsICs 3ajadeld MHO-
FOKPHUTEePHAIbHOM ONTUMHU3ALUH.
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Introduction The idea of the approach to developing

The curriculum formation is a key problem of the educational process
of the University. Most of the research on this problem use informa-
tion technology in the curriculum formation without analyzing the
requirements of Federal State Educational Standards [1-11]. At the
same time, the curriculum formation is characterized by a significant
influence of the higher education workers contingent and, as a result,
it needs a serious restructuring. This is especially true in the context
of increasing requirements for the quality of training [12, 13]. A prim-
itive curriculum with a random distribution of disciplines by modules
leads to a decrease in the quality of the basic educational program. In
consequence of that, there is a decrease in the quality of professional
skills of graduates [14-22]. The inclusion of optimization procedures
in the construction of the curriculum [23] allows us to evaluate the
choice of specific disciplines that fully provide competence.

The formation of the curriculum is implemented under the condition
of the fulfillment of many requirements that defined in the regulatory
documents. According to the mathematical modeling, they are fuzzy.
Requirements, on the one hand, can be represented as restrictions
that imposed on the curriculum formation, on the other hand, can be
represented as the target functions, the value of which must be maxi-
mized (minimized). As a result, the task of the curriculum formation
is reduced to a class of poorly formalized problems with indistinct
restrictions, incomplete and fuzzy data. The feature of this problems
is that it is impossible to find the only acceptable optimal solution.
These disadvantages leads to a variety of curriculum formation mod-
els. Moreover, the choice of a particular solution depends on subjec-
tive factors and during their formalization depends on the models
and algorithms adopted.

Domain analysis

Imagine the process of curriculum formation in the form of:
UP={DK,L} (€]

where D — is the discipline of curriculum, K - content requirements
(competences) for the educational program for which the developed
educational plan, L - persons, ensuring the learning and curriculum
development.

Disciplines, in turn, are divided into the disciplines of the basic part,
the variable, the profile (optional), practice, and GIA:

D={D,D,D,D ,D} (2)

The substantive requirements include competence, which, in turn,
have 3 levels: universal, general professional, professional:
K={K,K,K}. 3)

The person providing the training process and curriculum develop-
ment are divided into internal and external:

L={ Lprof’ Ldoc‘ Lpr’ Las}' (5)

Note: the feature of the new educational standards is the division of
rights to the competencies formation. Specifically, universal and gen-
eral professional competences are defined by the standard, and pro-
fessional competences are established at the educational institutions.
The paper [24] proposes an approach that determines the profile and
professional competence of the basic educational program, that the
most relevant for the labor market in a particular region.

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

the curriculum development

Select the main entity in the formation of the curriculum:
. disciplines;

e competences;

e teachers.

The main element in the curriculum is the disciplines. Consider the
communication of disciplines competences and disciplines teachers.

The organizational unit of teaching can be considered disciplines.
This implies that directly it is impossible to determine which compe-
tencies are acquired as a result of studying a particular discipline. Let
us formulate the following principle of formation of the curriculum
with the requirements of the educational standard: the subjects of the
curriculum are directly linked only with descriptors (knowledge,
skills, proficiency) which, in turn, are associated with competencies.
The study [25] introduces a formalized representation of competence
through a tuple. It contains a set of descriptors and a set of terms.
Based on this, each the curriculum entity can be represented in the
descriptor space in the form of:

V=<SY, DY, T'>, (6)

where V is the designation of the selected entity, S'- formulation of
the selected entity in natural language, DY - set of descriptors
(«knowledge», «skills»,...), T — set of terms.

Figure 1 presents a diagram showing the relationship of competen-
cies, disciplines, and descriptors.

Competence Disciplines

knowledge C knowledge D
skills C skills D
L =

proficiency C

\ proficiency D

Fig. 1. Relationship between disciplines and competencies

Puc. 1. B3auMOCBsI3b KOMIIETEHLUI U JJUCLHUIINH

We define the identifying the relationship between descriptors and
competences as k €[0,1] - close ratio of the i-th competence of the
j-th discipline. After obtaining the ratio we form the set of disciplines
included in the curriculum. The result is a wide variety of disciplines,
each of which provides the closure of the i-th competence is not less
than the a value. We build an optimization problem to obtain a set of
disciplines that provide the maximum competence (section 4.1), by
distributing the resulting set of disciplines in parts of the curriculum.
Before proceeding to the connection of disciplines and teachers, it is
necessary to decide the structure of the curriculum (determination of
the studying disciplines order). In addition, at this stage there is a dis-
tribution of credits for each type of the study discipline. After that, we
turn to the connection of competencies and teachers. The entity of
discipline and teachers are also connected through knowledge, skills,
proficiency of teachers and disciplines. And they can be represented
in the descriptor space [25]. Figure 2 shows the connection between
disciplines and teachers.
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Disciplines

knowledge L

knowledge D
skills D

kL

Fig. 2. Relationship between disciplines and teachers

skills L

Puc. 2. BsanMocBs3b npenojiaBaresned U JUCHUIVIMH
Let h €[0,1] the connection of the descriptors of disciplines and
teachers. It is the ratio profiling of the p-th teacher at the s-th type of
academic work of the j-th discipline. After obtaining the coefficient of
profiling we transfer to the formation of the teachers set who have the
right to exercise the type of the training discipline. The result is the
set of indices of teachers, the profiling which is the s-th type of aca-
demic work of the j-th discipline not less than . At this stage, the
second optimization problem of maximizing the profiling of teachers
in each discipline with minimum cost is set is described.
Mathematical model of the curriculum
The resulting mathematical model of the curriculum consists of two
parts:
e connection of disciplines and competencies;
e connection of disciplines and teachers.

Connection of disciplines and competences

We introduce the following notation:
i - is the number of competence, j=], p;-

4 = {ii‘, i;‘, . i#lu} - is the set of indices of the universal compe-
tences.
1°= {i(f, ié’. ey ifno} - is the set of indices of General professional
competences.
p —_ ;P P .p . S s
IP = {ll ylyy s lmp} - is the set of indices of professional compe-
tence.
j — number of discipline, l':l’ n-
kij € [0,1] - close ratio of the i-th competence of the j-th discipline.
]f = {]{ ]; ]1/: } - is the set of indices of the fundamental dis-
Iz 0 dng
ciplines (required included in pack).
Jb =L, ... ,]T’l}’ i = 1,m - is the set of indices of subjects,
L
each of which provides the closure of the i-th competence is not less

than the value a.

Vol. 14, no 4. 2018 ISSN 2411-1473 sitito.cs.msu.ru

J¥ = UjeruJi \ JT - is the set of indices of the disciplines involved
in the closure of universal competencies.

a = Yiero ,; - is the set of indices of the subjects participat-
J$ = UiereJi \J© — is the set of indices of the subjects particip
ing in the closure of General professional competencies.

]2 = Ujep Ji \ JI - is the set of indices of the disciplines involved
in the closure of professional competences.

k - the number of the structural parts of the curriculum:

k =1 - the base part of the curriculum;

k = 2 - the variable part of curriculum;

k = 3 - profile part;

k =4 - practice;

k=5 -GIA.

L=J%yJf UJ9 -isthesetofindices of the disciplines involved
in the formation of the basic part of the pack.

2 =] U] -isthe setof indices of the disciplines involved in the
formation of the variable part of the CP.

s=JouU ]s - is the set of indices of the disciplines involved in the
formation of the relevant part of the pack.

J& - isthe set of indices of the disciplines involved in the formation of
the part of the practitioner pack.

J5 -isthe set of indices of the disciplines involved in the formation of
part of the GIA pack.

vk - the lower bound credits the k-th part of the pack.

Vk - upper limit of credits k-th part of the pack.

V' _limitation on total number of credits up.

Vj - the number of credits allocated to the j-th discipline.

Yo = 1, ifj-thiscipline is included into B k-th part curriculum,
ki =10, otherwise. (2)

The solution of the problem will be a matrix X of dimension
5xn. We introduce a limit on the number of credits for each structural
part of the curriculum:

—k -
Kk < Zje][,f ijkj <V ,k = 1,5. (3)

We introduce a limit on the singleness of entrance of j-th in the curric-
ulum:

Yioix <1,j=1,n 4)

Modern
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It is necessary to maximize presence of each competence in
the curriculum:

5 P —
Zjeﬂ; 2= kijxyj » max,i =1,m. 5)
Connection of disciplines and teachers

We introduce the following notations:
p - number of teacher, p = 1, [.
d - the number of the qualification of the teacher:
d=1 - professor;
d=2 - associate professor;
d=3 - senior teacher;
d=4 - assistant. o
Pd = {pf, pg, ey p{fi}. d = 1,4 —isthe set of indices of teachers
d- th ofquahflcatlon
pan = {p ,Pz PRI Pzdn} is the set of indices of teachers with a
scientific degree Doctor of Sciences.
P = {pf™, psm, ., p;f(':l} - is the set of indices of teachers with a
scientific degree of candidate of Sciences.
c, - cost of one rate a teacher d-th qualification
s- type number of training activities on the discipline:
- lectures;
s=2 - practical lessons;
- laboratory work;
s=4 - contact independent work;
s=5 - exam;
s=6 - consultation on exam;
s=7-test, s = 1,q. q.
Sl = {51, Sé, ) Sé)- ,j = 1,n -isthe setofindices of the train-
ing activities, which are part of the j-th discipline.
vjs - the number of credits provided for the s-th type of study j-th
discipline. -
DS ={d3,d3, ...,d{ }, s = 1,q -isthe setof indices of the quali-
fications allowed for the implementation of the s-th type of academic
work.
h;; € [0,1] - coefficient of profiling of the p-th teacher at the s-th
type of academic work the j-th discipline. If h1. = 1, then the p-th
teacher is the leader for the j-th discipline. This ratio is dependent on
the education diplomas, teacher training courses, publications, per-
sonal rating, etc.
P;J_{pf],pz, ,pl]}]_lns_lq - is the set of indi-
ces of teachers, proflllng of which is the s-th type of academic work
the j-th discipline not less than f.
PSS = UdEDS P4 s the set of indices of teachers eligible to exercise
the s-th type of academic work..
WT; —the rate provided to s-th type of training on the j-th discipline.

1, if p-th teacher leads s-th type of academic work the j-th
Yps = {0 discipline,otherwise (6)

It is demanded to maximize the profiling of teachers in each disci-
pline:

. T 7
Zgzlzpepdnps, hy vy = max,j = 1,n. (7

The total value of the discipline in the curriculum should be minimal.
This requires to minimize the cost of each discipline::

j T
ZdEDS ZpEPdﬂP;j CaWTsjYsp = MUN, ] = 1,n.

8

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

After analyzing the requirements of educational standards, we intro-
duce a restriction on the share of scientific and pedagogical workers
having the scientific degree:

n ) . J
Zj=1 Zsegl ZdEDS ZpePanE]n(pk"Upd”) Wrsjysp = Y- (9)

Let us introduce the conditions on the number of people from scien-
tific and pedagogical workers, in every kind of work discipline:

Zpepsygs =1,s=1j=1n. (10
SpersVps 2 Ls =2, = (11
SpersVps 2 L5 =3, = 1_ (12)
Zpepsyps >1,5=4,j=1,n. (13)

The constraint (10) means that lectures may be read only by one
teacher. Constraints (11), (12), (13) indicate that laboratory and prac-
tical contact and independent work may be provided by more than 1
person.

Conclusion

The work result is the developed approach for automated decision
design of the curriculum taking into account imposed limitations and
the requirements set by educational standards and institutions in ac-
cordance with the competence-based approach. A mathematical
model of the curriculum, including communication of disciplines,
competences and teachers is offered. The subsystem designed auto-
mated solution of the formation of the curriculum includes the disci-
pline, requirements of the standard and the University, technology
implementation of the curriculum experts who provide the educa-
tional process. The obtained results can be used to solve tasks for im-
proving the efficiency of compiling and verifying the compliance of
the curricula quality criteria.
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