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INTRODUCTION 

Among the problems that contemporary Russian 

society have to solve, one of the most important is 

the problem of training qualified specialists with 

higher education and scientific training at a level 

corresponding to international standards, the needs 

of society and the individual. Essential to improving 

the effectiveness of the educational process, the 

quality of training and their competitiveness is to 

implement innovative programs, including programs 

for the organization and development of interna-

tional academic mobility for educational integration 

of the conservation and development of Russia's 

innovation potential. 

The focus of current research in the field of ed-

ucation and research process is paid to improving 

the quality and competitiveness of education on the 

basis of compliance with international and Russian 

educational standards, the use of modern infor-

mation technology in the development of teaching 

materials, optimization of resource management of 

educational institutions, closer to European educa-

tional systems. The relevance and prospects of the 

research confirmed the requirement for the quality 

of training in the universities on the basis of the in-

troduction and development of innovative programs 

of the educational process for consumers of educa-

tional services. 

As a part of the Bologna process prioritized 

higher education by 2020, among which are high-

lighted employment-based student learning and mo-

bility. According to the National Information Center 

for Academic Recognition and Mobility in 2005, 

half of the total members participating in the pro-

grams of international academic mobility accounts 

for some of the leading universities in the second 

half of the remaining Russian universities. Current-

ly, there is the growth of academic mobility in many 

universities. 

Analysis of the promising trends in higher edu-

cation led to the conclusion that in order to meet the 

demands of consumers of educational services can 

be developed educational routes. An approach to the 

problems of management of the educational route, 

which is defined as a structured program of action 

learning at some stage of training, providing him the 

opportunity to have the competencies (knowledge, 

abilities, skills) provided for educational standards. 

Modern conditions of educational management 

(and educational route) are characterized by a num-

ber of problems: ensuring competitiveness, improve 

the quality of software, accounting requirements of 

consumers of educational services, accounting and 

resource constraints, especially the higher profes-

sional education system in Russia, increasing the 

efficiency of management, etc. Analysis of these 

features, performed using a systematic approach, 

allows us to conclude the following: the problem of 

managing the educational route is a complex be-

cause of the many influencing factors, problems 

arising in the administration, as well as changes in 

goals over time. This requires decomposition of 

tasks management educational route. 

To account for these key factors in the man-

agement of educational route as accounting re-

quirements of employers and participation in the 

programs of academic mobility, the necessary doc-

umentary base of professional and educational 

standards, the analysis of which revealed the follow-

ing features: a large proportion of weakly formal-

ized information, a large amount of information, the 

information is varied, the information is distributed. 

The special features of the educational route man-

agement to meet the requirements of the labor mar-

ket are a variety of educational programs, a set of 
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professional standards to which students can be ori-

ented universities, the development of new profes-

sional standards (eg in IT), one standard may be 

oriented the same direction and on the contrary, the 

account special requirements of regional employers, 

restrictions imposed by the federal state educational 

standards (GEF), a number of international educa-

tional standards (ISO) in the field of IT; dynamic 

and innovative IT-sphere. The special features of 

management of educational route with the develop-

ment of the processes of academic mobility are a lot 

of programs of academic mobility, many types of 

academic mobility, the set of host universities, many 

areas of knowledge, many educational programs of 

basic and host universities, a wide variety of situa-

tions in the management of academic mobility and 

significant impact of the "human factor"- a member 

of the academic mobility problems of implementa-

tion of academic mobility in Russia (the language of 

instruction, the different periods of training). 

These features of information resources and 

problems of management educational route on the 

basis of experience allow us to conclude on the use 

of intelligent technology to address tasks manage-

ment of educational route. 

DEVELOPMENT  

OF A CONCEPTUAL MODEL 

A system domain analysis has revealed the se-

mantic structure of  concepts and relationships be-

tween them. A set of conceptual model in the man-

agement of the educational route has been devel-

oped. The developed conceptual model educational 

management route to the standards, the profile di-

rection and professional educational needs of the 

students (Fig. 1), is qualified to the basic require-

ment for an adequate conceptual model mapping 

domain itself; reflection of the views and needs of 

all users; owning property easy extensibility provid-

ing input new information. 

A developed  conceptual model to decision 

making support in the management of educational 

route based on common semantic information and 

cognitive domain combines the following elements: 

process models of educational activities; hierar-

chical situational models, system models of educa-

tional management route, models of knowledge rep-

resentation in the form of production rules and prec-

edents in the decision-making problem situations, 

thus accounting for the integrated model. 

Standart
Professional 

Standard
Sector

Qualification 
level

Job 
Responsibilities

International 

Education Standard

Federal State 

Educational 

Standard

Knowledge Skills
competence

ПрОП 

Обущающий

ся

information 
support

ААС

mechanism

Decision
making

knowledge 
engineer

Dmk
Dm2

Dm1

Student

Educational 
route

nature of training 
areas

nature of 

professional 

activity

occupational 
field

objects of 
professional 

activity

requirements for the 
basic educational 

program

requirements to 
implement the terms 

of the basic 
educational program

requirements for the 
development of the 
basic results of the 

educational program

Types of activities 
proessionalnoy

problem 
proessionalnoy 

activities

professional 
competence

general 
competence

expert
Face the 
decision

 elective 

component

elective 

component

elective 

component

base 

component

professional 

cycle

Mathematics & 

Science cycle
humanitarian & 
socio-economic 

cycle

Education 

Program

Physical 
Education

management

Dp1

Dp2 Dpl Do1

Do2

Do3

Do4

Do5

Dom

base 

component

base 

component

 
Fig. 1. A fragment of a conceptual model of management education route to the standards,  

the profile direction and professional educational needs of the students 

A scheme of management of the educational 

route based on a conceptual model developed; it 

consists of the decision support system with an ex-

pert and knowledge engineer (Fig. 2). 
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DEVELOPMENT OF A HIERARCHICAL 

SITUATIONAL MODEL 

Management is provided with the situational 

approach as a discrete-event model selected hierar-

chical situational model. 

The use of the situational approach is to consid-

er a finite set of situations, the occurrence of which 

account management system, the situation can be 

linked together different relations (relations of tran-

sition when one situation may move to another 

management; relations of  hierarchy when one situa-

tion is a general situation), and the set situations and 

relationships between them is a situational model, 

situational model developed during the design of the 

control system, "embedded" in it and is used for the 

process of situational control. To do this, the control 

system provides an interpreter situational model (its 

monitoring function of the current state of the mod-

el, loan management decisions associated with the 

current state). 

Initial hierarchical situational model, which is 

based on an object-oriented approach, is a network 

of objects: the situation, the transition, the immer-

sion, the action (external procedure to perform an 

action – implementation of management decisions). 

Arc-object – can be linked to the activity of the 

predicate, the value of which determines the activity 

of the arc at the moment. Interpreter is a method of 

processing hierarchical situational models, resulting 

in the current model is constructed. Predicates activ-

ity are the function- procedure, producing a logical 

result of the current values of the control parameters 

- the presence or absence of a transition. 

For the full range of classes of objects designed 

by the composition of their attributes and pointers 

that are used to link objects in a single model. The 

structure of such relationships, allowing recursively 

the current state of the model in the interpretation 

process with access to the objects of the original 

model. In this case, the object instances of the cur-

rent state of the interpreter are placed on the heap of 

the current state. Relationship model with the out-

side world is implemented using objects - actions 

done by calling external procedures, which in turn 

may issue commands, change management strategy, 

and execute other types of managerial decisions. 

Developed algorithmic support hierarchical inter-

pretation of the situational model allows you to 

build the current hierarchical situational model. 

Hierarchical representation of the original mod-

el of situational management of the educational 

route includes a model simulation, the model con-

troller and detectors. Hierarchical description of 

objects situational model allows further develop the 

software (Fig. 3). 

 
Fig. 2. Management scheme of educational route 
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Fig. 3. Initial hierarchical situational model of management educational route 

 

 
DEVELOPMENT OF DECISION-MAKING 

MODELS 

The precedent is represented in objects <Casep, 

Pz, Ps, Ru, Е>: Casep – name, Pz – precedents set of 

classes of problem situations, Ps – variety of signs 

case description in the class, Ru – the set of control 

solutions contained in precedent and E – set assess-

ments of the effectiveness of decisions. 

Approach to finding solutions on the basis of 

precedents include procedures such as searching for 

a solution in the database of precedents based on the 

principle of analogy, adapting previous decisions, 

evaluate the effectiveness of the solution and train-

ing. 

For the model based on rules, characteristic de-

scription Rulei: Q; P; C; A → B; N, where Rulei is 

rule name; Q is the scope of the rules; P is pre-

condition (for example, priority); C is predicate (re-

lation) and A → B – core products (allows to present 

knowledge in the form of a rule "IF A1,   A2, ..., 

AN THEN B"). The constructed  fact tables are  the 

basis of the logical inference. The rule base is repre-

sented as a set of proposals  

{ ,1A …, nA , ,1 iBA  …, jBiAA 1 }.  

The control structure of loops through the rules con-

sistently. 

The solutions searching for planning education-

al itinerary including key factors based on the as-

sessment of similarity of class instances-disciplines, 

selected for inclusion in the student's educational 

path and instances of classes, courses of profession-

al standard (changing requirements of the labor 

market), pre-structured with hierarchical clustering 

methods. 

The decision-making support scheme is based 

on the following apparatus of decision making: ex-

pert analysis or evaluation of similarity when com-

paring objects by attributes based on similarity 

measures Jaccard:  

)(

)(
),( 1

kSjSm

kSjSm

kSjSC



 . 

Calculating the values of measure of similarity 

of two compared objects by attributes is based on a 

binary matrix, which in terms of set theory is de-

fined as follows: 

  2,1,int|{},|  jegerjjJJjjSS  

};,|{ JjIiijxjS   

};1,int|{},|{ piegeriiIIiiZZ   

};,|{ JjIiijxiZ  },1,0{ijx      

where S is indexed set with elements Sj (alphabet 

descriptions), Sj is j description; Z is indexed set 

with elements Zi (alphabet signs or attribute values); 

Zi is i-th feature (the feature); xiy is one of the two 

values {0, 1} i-th trait y j-th object (xij = 1 if the i-th 

feature is a j-th object, otherwise xij = 0); J and I is 

index sets. 

Binary matrix to calculate the measure of simi-

larity between two objects is as follows: 



 

 

 

51 N.  I .  Yusupova,  O.  N.  Smetan ina,  M.  M. Gayanova   ●   MANAGEMENT OF EDUCATIONAL … 
 

2,1

,1






j

piijxB . 

In this case, the output is a result of the analysis 

as a detailed explanation of the absence/presence of 

the disciplines in the educational program of the 

host institution regarding the educational program 

of basic school. 

Scenarios presented current models, which are 

built by the interpreter can determine the current 

situation and make an appropriate decision on this 

situation of the management of educational route. 

The basic functional unit of the semantic web G 

(O, R) is the structure represented by the compo-

nents of vertices O
i

o   (objects (concepts) domain) 

and arcs R
j

r   (relationships between them), O ≠ 

Ø, R = Ø. A semantic network based on the analysis 

of academic mobility programs has been construct-

ed (Fig. 4). It is based on the concepts of the type 

hierarchy, partitioning, semantic distance. This se-

mantic network includes the following categories 

such peaks: the concepts, features, value. 

For decision-making by using intelligent tech-

nologies offered to use arguments based on case 

law, rules of inference (see Table 1). 
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Fig. 4. A fragment of a semantic network of international educational standards 

 

 

Table 1  

Fragment of the table rules of inference 

No Rules of inference 

RULE1 

IF THE DISCIPLINE_R =AREA  O1 AND 

DISCIPLINE_Z = AREA  O1, 

THE SIMILARITY = YES, KD = 1/9 

… … 

RULE21 

IF A COINCIDENCE IS > 80%, 

THE COINCIDENCE = COMPLETE 

KD = 100% 

4. CONCLUSION  

Targeted educational routes have been tested in 

the process of participation of students in academic 

mobility program Erasmus Mundus (universities of 

Germany, Italy, Portugal, Poland, Austria), and con-

firmed the validity of the study. The results of the 

analysis to assess the effectiveness of intelligent 

information support in the management of educa-

tional route with the development of the processes 

of academic mobility, including the use of links 

with Alumni, received at the Department of Com-

puter Science and Robotics USATU from 2006 to 

2011 years. Participation in programs of academic 

mobility of students has increased from 6 to 37 per 

semester, the amount raised scholarships increased 

from 0.4032 million rubles to 18.774 million rubles 

per year. 

Social benefits from the inclusion of an educa-

tional training course in the host universities is a 

successful procedure for recognition of the results, 

improving the language skills of participants, the 

development of relations between the universities, 

the creation of a positive image USATU with for-

eign partners, the development of the university 

Alumni-association. 

The obtained results of the evaluation of the ef-

fectiveness of intelligent information management 

support educational route using a software imple-

mentation of the proposed methodology have 

showed  varying degrees of efficiency in time of 

1.5–2 times when advising students to 10–20 times 

in monitoring the implementation of the educational 

route. 
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The results of studies of the similarity of educa-

tional routes Bachelor Informatics in Russia and the 

leading IT universities in Belgium, France, Luxem-

bourg, the U.S., France, Switzerland, Japan have 

been considered. 

REFERENCES 

1. M. B. Guzairov, N. I. Yusupova, and O. N. Smetanina, In-
formation and software in the decision support system in 
the management of the development process of the educa-
tional program, (in Russian). Moscow: Mashinostroyeniye, 
2011.  

2. V. Kozyreva and O. Smetanina, “Information support for 
the management of educational route into university,” 
(in Russian), Sovremennye Problemy Nauki i Obrazovaniya 
(Modern problems of science and education), no. 1, 
pp. 166-173. 2012. 

3. O. N. Smetanina, “The management issues of educational 
route with the use of intelligent technologies”, (in Russian), 
Vestnik UGATU, vol. 16, no 6 (51), pp. 226-233, 2012. 

4. M. B. Guzairov, N. I. Yusupova, O. N. Smetanina, and 
M. M. Gayanova, University educational programs. Models 
and methods for the comparative analysis of the experi-
ence of different countries, (in Russian). Moscow: MAI, 
2006.  

5. M. B. Guzairov, N. I. Yusupova, O. N. Smetanina, and 
N. I. Galeeva, “Neural networks tools for decision support 
systems in educational route management,” (in Russian), 
Neyrokomputery: razrabotka i primenenie, (Neuro-
computers: development and application), no. 3, 2013, 
pp. 21-26. 

6. O. N. Smetanina, A. V. Markelova, V. A. Cozyreva, “Control 
models for the realization of an academic mobility pro-
cess,” (in Russian), Vestnik NGU, vol. 9, no. 2, pp. 55-66, 
2011.  

7. N. I. Yusupova and M. M. Gayanova, “Semantic nets and 
productive models for analysis of university educational 
programs in information system,” (in Russian), Vestnik 
UGATU, vol. 7, no. 2 (15), pp. 123-126, 2006. 

8. G. R. Shahmametova, “Anti-crisis management information 
support with due regard for life circle on the monitoring 
bankruptcies example,” (in Russian), Vestnik UGATU, vol. 
16, no. 6 (51), pp. 211-219, 2012. 

9. N. I. Yusupova, O. N. Smetanina, and L. M. Iskhakova, 
“Models and methods of information processing in the 
management of relations with the alumni-association,” 
Vestnik Voronezhskogo Gosudarstvennogo Tekhnicheskogo 
Universiteta, vol. 8, no. 1, pp. 17-21, 2012. 

10. M. B. Guzairov, N. I. Yusupova, O. N. Smetanina, and 
V. A. Kozyreva, “Decision-making support for academic 
mobility management,” Sistemy Upravleniya i 
Informatsionnye Tekhnologii, vol. 45, no. 3.1, pp. 133-136, 
2011. 

ABOUT AUTHORS: 

Yusupova, Nafisa Islamovna, Prof., Dean of Computer Science 
Department, Head of Computing Mathematics and Cybernetics 
Dept. Dipl. Radiophysicist (Voronezh State Univ., 1975). Cand. 
of Tech. Sci. (UGATU, 1979), Dr. of Tech. Sci. (UGATU, 1997). 

Smetanina, Olga Nikolaevna, professor of the Department of 
Computing Mathematics and Cybernetics. Dipl. specials. to 
automate the processing and delivery of information (UAI, 
1985), Cand. of Tech. Sci. on automated control systems 
(USATU, 1999), Dr. of Tech. Sci. (USATU, 2012). 

Gayanova, Maya Marsovna, Associate Professor of the Dept. 
of Computing Mathematics and Cybernetics. Dipl. specials.-
mathematician (BSU, 1997), Cand. of Tech. Sci. (USATU, 2006). 

 




