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Abstract

The paper investigates the main problems faced by specialists in the process of selecting of intellectual work-
places (IWP) which are associated with the features of the initial data, inaccurate formulation of the tech-
nical specifications for the system, the lack of a single criterion for the effectiveness of IWP. The approach to
the formation of IWP in the creation of electronic information and educational environment of the University
using the mathematical apparatus of fuzzy sets. On the base of the standard list of characteristics the unified
structure of requirements is offered, allowing to consider features of IWP, as an element of the automated
training, and features of the solution of tasks of processing of educational and administrative information.
The most essential requirements are IWP performance, flexibility, universality, compatibility with control
systems and laboratory equipment. When solving the problem of choosing the IWP for processing education-
al and management information, it is proposed to formalize the generalized requirements in the form of lin-
guistic assessments using the apparatus of the theory of fuzzy sets and use the data structure to represent the
parameters and requirements for the IWP. The fuzzy-multiple approach allowing to estimate the formed IWP
on the base of the offered structure of requirements is developed. To describe the information space, a com-
bination of logical-linguistic modeling ap-proaches using the apparatus of the general theory of uncertainty
and methods of non-factors is proposed. The resulting estimates were aggregated into a final IWP estimate.
The proposed simulation allows establishing a fuzzy-multiple relationship between the input parameters of
the IWP and its compliance with the proposed system requirements. The results obtained in the work allow
forming an information image of a graduate of a modern University using IWP.

AHHOTaLUsA

B pa6oTe uccienoBaHbl OCHOBHbIE NMPOOJIEMBI, C KOTOPBIMU HPUXOAUTHCS CTAJKUBATHCSA CIELUANUCTAM B
npolriecce BbI60pa HHTE/UIEKTYaIbHBIX pabouux MecT (MPM), koTopble cBS3aHbI C 0CO6EHHOCTSMHU UCXOAHBIX
JIaHHbBIX, HETOUHOH HOPMYJIMPOBKON TEXHUYECKOTO 33/JaHHUs HA CUCTEMY, OTCYTCTBUEM €JUHOTO KPUTEPUS
appextuBHocTr UPM. PaccMoTtpen nozxoz k popMupoBanuio MPM npu co3zaHuu 31eKTpOoHHON HHPOopMa-
LIMOHHO-06pa30BaTeJbHON CpeJibl By3a C MCIOJb30BaHMEM MaTeMaTHYECKOTO annapara HeyeTKHX MHO-
»KecTB. Ha ocHOBe cTaH/apTHOrO NepevyHst XapaKTEPUCTHK NpeJJsioxKeHa efMHas CTPYKTypa TpeboBaHUH,
[03BOJIAIOIAs YYUThIBATh 0co6eHHOCTH PM, Kak a/ieMeHTa aBTOMaTH3UPOBAHHOr0 06y4YeHHUs], TaK U 0CO-
GeHHOCTH pelleHus 3a/ja4 06paboTKU y4eGHOM U ynpaBieHYeckoit uHopmanuu. Haubosiee cyliecTBeHHbI-
MU U3 TPeGOBAaHUSAMMU sIBJIsIeTCS: ObicTposielcTBHe NPM, ru6KOCTh, YHUBEPCATIBHOCTD U COBMECTUMOCTD C
CUCTEMaMH ynpaBJ/ieHHUs U JJaGopaTOpHbIM o6opysoBaHueM. [Ipu pelennu 3aga4yu Bbi6opa UPM asis o6pa-
GOTKH y4yeGHOM U yrnpaB/ieHYeCKOH HHPOpMaLMH pe/10KeHO GOpMaTu30BaTh 060611 eHHbIe TPe6OBaHUs B
BH/Ie IMHI'BUCTUYECKUX OLEHOK C UCII0JIb30BaHUEM allllapaTa TEOPUU HEYEeTKHUX MHOXKECTB U MCI0/Ib30BaATh
CTPYKTYPY JAHHBIX /ISl IPeJICTaB/JIeHUs NapaMeTpoB U Tpe6oBaHui Kk UPM. Pazpab6oTan HeyeTKO-MHOXe-
CTBEHHBIN NOJXO0[, T03BOJISIOIIMN OLeHUTh chopMUpoBaHHOe IPM Ha ocHOBe Npe/jioKeHHOH CTPYKTYphbI
TpeGoBaHUM. /Iy onrcaHusl HHPOPMALIMOHHOTO MPOCTPAHCTBA Npe/JI0XKeHa KOMOUHALUSA TT0X0/10B JIOTH-
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KO-JIMHI'BUCTUYECKOT'0 MOJIeJIMPOBAHUS C UCI0/Ib30BAHMEM aNlapaTa o01iei Teopuu HeonpeeJeHHOCTH U
meTtoauku HE - ¢pakTopos. [losiyueHHble olleHKU ObLJIM arperupoBaHbl B UTOroByo olieHKy WPM. [Ipeasio-
YKeHHOe MO/IeJIMPOBaHue MO03BOJISIET YCTaHABJIMBATh HEUYETKO-MHOMKECTBEHHYIO CBSI3b MeX/y BXOJHbIMHU
napameTpamu UPM 1 ee cooTBeTCTBHEM NpPe/JIOKEHHOH cUCTeMOM Tpe6oBaHU. [loryyeHHbIe B paboTe pe-
3yJIbTaThl, 103BOJIAIOT GOPMUPOBATH HHPOPMALMOHHBIHA 06pa3 BbIYCKHUKA COBPEMEHHOTO0 BY3a C UCIO0JIb-

30BaHueM UPM.

Introduction

The development of the electronic information educational environ-
ment (EIOS) of the University, and as a tool for its implementation, the
system of intellectual jobs (IPF) to increase the efficiency of the edu-
cational process in the modern University can be considered as a
promising method of introducing innovative educational technolo-
gies [1-7].

Electronic information and educational environment (EIOS) is a set of
information technologies, telecommunication technologies, appro-
priate technological means, electronic information and educational
resources necessary and sufficient for the organization of indirect (at
a distance) interaction of students with teaching, training and sup-
port, administrative and economic personnel, and among themselves
[8-11].

The purpose of EIOS functioning in the University is to provide re-
mote access to information and educational resources of the Univer-
sity and information openness of the University in accordance with
the requirements of the current legislation of the Russian Federation
in the field of education [12].

Features of EIOS for universities

The task of EIOS s at the University are determined in accordance
with the goal. These are: 1) providing access to educational plans,
work programs of disciplines (modules), practices, publications of
electronic library systems and electronic educational resources (EER)
specified in the working programs; 2) ensuring the recording of the
educational process, the results of the intermediate certification and
the results of the development of the basic educational program; 3)
carrying out all types of classes, procedures for assessing the learning
results, the implementation of which is provided with the use of
e-learning, distance learning technologies; 4) the formation of an
electronic portfolio of the student, including the preservation of the
student’s works, reviews and assessments of these works by the par-
ticipants of the educational process; 5) interaction between the par-
ticipants of the educational process, including synchronous and (or)
asynchronous interaction through the Internet ; 6) ensuring access of
students and employees of the University, regardless of their location
to electronic information resources and electronic educational re-
sources through the use of information and telecommunication tech-
nologies and services; 7) ensuring the individualization of the educa-
tional trajectory of the student; 8) improving the efficiency and
quality of the educational process at the University; 9) providing
mechanisms and procedures for monitoring the quality of the educa-
tional process; 10) ensuring information openness of the University.
Among the constituent elements of EIOS of University the following
ones are allocated:

1. electronic information resources: web-portal of the University,
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the portal “Educational and methodological support of the main
educational program», the web-site of the scientific library of the
University;

2. electronic educational resources: the electronic library of the
University, electronic library systems, electronic courses in the
learning management system (for example, “Moodle” or “Pro-
metheus”), reference and legal systems (“Consultant+”, “Ga-
rant”);

3. informational systems and telecommunication technologies:
software complex of automation of educational process manage-
ment, learning management system “Moodle”, information sys-
tem “Portfolio”, information system “Antiplagiat”, corporate com-
puter testing system, information system for monitoring the
effectiveness of activities, information system “Dissertation
councils”, web-portal of the University, portal “Educational and
methodological support of the main educational program”, web-
site of the scientific library, reference and legal systems, corpo-
rate network and corporate e-mail of the University.

The structure of the electronic educational environment includes the

following components [11]:

1. the official website of the University;

2. electronic library environment;

3. portal of the score-rating system of evaluation of learning re-
sults;

4. educational portal of distance learning system of students;

5. portal of creation and management of educational courses.

Clear requirements have now been formulated for the EIOS compo-

nents. There are following [12]:

1. Functionality. This requirement is the presence in the system of
a certain set of functions of different levels. For example, such
functions include forums, chat rooms, management of courses
and trainees, analysis of the activity of trainees and others.

2. Reliability. Such parameter as reliability is necessary in the pro-
cess of implementation and operation of any electronic system,
as an example of any complex system [14]. Its functions include
not only the convenience and ease of updating content, but also
protection from external influences [15-17]. This fact has a sig-
nificant influence on the attitude of users to the system and the
efficiency of its use.

3. Stable operation. Based on the degree of stability of the system
in relation to different modes of operation.

4. Standards support. SCORM is a standard for content for e-learn-
ing courses. It is the international basis for the exchange of elec-
tronic courses [5]. If support isn’t in system, it decreases its mo-
bility, not allowing later to create portable courses.

5. The existence of a system of validation of knowledge. This re-
quirement is aimed at assessing students ‘ knowledge online. To
meet this requirement, it is possible to create tests and other
control tasks that allow tracking the level of activity of students.

6. Usability. An important parameter that not only provides ease of
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use of the system, but also allows making the system competitive
in the e-learning market. Students will never use the technology
that makes it difficult to operate. This requirement means that
the system should be the most simple and clear, it should be easy
to move from one section to another.

7. Availability of access. The use of technologies based on limited
access significantly reduces the number of potential users.
Therefore, trainees should not have obstacles to access to
e-learning.

8. Prospects for the development of the platform. Any e-learning
platform should be a developing and learning environment that

includes improved versions of the system with support for mod-
ern technologies.

9.  Quality technical support. This requirement is to support the ef-
ficiency, troubleshooting and vulnerabilities of the system, both
with the help of specialists of the developer, and with the help of
specialists of own support service.

These requirements are currently the basis for the evaluation and, ac-

cordingly, the selection of suitable EIOS components. Thus, on the ba-

sis of these requirements, a comparative study of platforms for
e-learning in the NSPU of Kozma Minin “Moodle” and in PANEPA “Pro-

metheus” was conducted. The results are presented in Table 1.

Table 1. The results of comparative study of platforms

Ta6sinua 1. Pe3ysbTaThl CPaBHUTEBHOTO UCCIEA0BAHUS JIATGOPM

Platform name
Platform parameters Moodle \ Prometheus
score
Communication instruments
- forums 1 1
- chats 1 1
- notification 1 0
- announcement 1 1
Training objects
- tests 1 1
- training materials 1 1
- exercises 1 1
User data management
- tracking 1 1
- statistics 1 1
- electronic portfolio 1 0
Usability
- support 1 1
- the presence of the legal framework 1 1
Technical aspects
- aspects 1 1
- security 1 1
- opportunity to train employees 1 0
Total score: 15 13

Table 1 highlights the main parameters that meet the stated require-
ments for e-learning. Therefore, the absence of some parameters can
significantly affect the operation of the platform. It should be noted
that in the considered platform “Moodle” has all the parameters (Fig.
1). This fact allows calling this platform full for e-learning. Thus, ana-
lyzing the results of the study of e-learning platforms “Moodle” and
“Prometheus” in NSPU of Kozma Minin and PANEPA, respectively,
should determine the impact of the lack of some criteria on the quali-
ty and effectiveness of distance learning. As for the “Prometheus”,
there is a lack of some parameter.

As follows from the description of the evaluation method, each pa-
rameter was assigned one of two possible values: “0” - is absent, “1”
- is present. Such an assessment system is not always correct. The
essence of the problem is that the individual parameters of the plat-
forms are evaluated by different systems of indicators. In particular, it
is necessary to assess not only the presence/absence of any service,
but also to form an assessment of the quality of any service on a set of
indicators. Finally, after the individual components (services) are col-
lected together, the question arises: how to form the final evaluation
of the EIOS of the University as a whole?

No less important is the question of how to implement EIOS of the
University, and also methods of their evaluation.

In practice, EIOS of the University is implemented through the cre-
ation of intelligent workplaces (IPF), that is, a set of intelligent inter-
faces that provide access to all employees (participants of the educa-
tional process) to information resources and implemented in the
form of software installed on a personal computer [6].

CoBpeMmeHHble
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Any IPF can be subject to a number of general requirements, which

must be provided at its creation, namely:

1. availability of information processing facilities;

2. ability to work in the dialog (interactive) mode;

3. meeting the basic requirements of ergonomics;

4. sufficient level of performance and reliability of the computer
running in the (IPF) system;

5. software, which is adequate to the nature of the tasks to be
solved;

6. maximum degree of automation of routine processes;

sufficient level of user service;

8.  other factors that ensure maximum comfort and satisfaction of
the specialist using IRM as a working tool.

Development trends and the level of tasks require inclusion in the list

of necessary conditions for the effectiveness of the IRM and the avail-

ability of the intelligence of the software used, which is part of the

IRM. The structure of the IRM includes three modules: a module for

supporting the learning process; a module for planning classes; a

module for intellectual support. In the structure of the University

teacher IRM the following systems are presented:

calendar plans management;

student database management;

support of the learning process (electronic journal, schedule, etc.);

the replenishment of the knowledge base;

intelligent system of planning lessons;

. expert system for issuing recommendations.

Modules are separate functional blocks, that is, they contain systems
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for performing some similar functions.

The choice of the functional blocks of the system the IRM, often con-
ducted by one or two parameters: the speed, the completeness of the
processing of educational information, in terms of reliability recogni-
tion standard learning situations. This approach is relatively simple,
but does not take into account all the necessary factors, which can
lead to a narrowing of the scope of the IRM. In selecting of IRM it
needs the presence of multivariate information base on the existing
samples. The task is to choose from this database of IRM that best
meets the necessary quality indicators. The database should present
technical and economic indicators and expert assessments of the IRM
most widely used in Russian and some foreign universities. It is possi-
ble to draw up it on the basis of the synthesis of data provided in the
information publications on the IRM. The increasing variety of types
of IRM, quantitative and qualitative parameters characterizing them,
determines the need to develop an automated selection procedure for
IRM taking into account the features of the description of systems.
The main problems faced by specialists in the selection process are
related to the features of the initial data, incorrect formulation of the
technical specifications for the system, the lack of a single criterion of
efficiency on the IRM [4].

The features of the initial data include: a significant number of types
of industrial IRM produced in Russia and abroad, the presence of sev-
eral sets of evaluation parameters, the presence of qualitative assess-
ments of the IRM, the incompleteness of the initial data, the interde-
pendence of parameters. In the formation of technical specifications

for the IRM it often have to deal with very vague linguistic evaluation
of the parameters of the IRM (for example, the completeness of the
control of the educational process - high speed - low, etc.). In addition,
it is necessary to take into account the degree of importance of a pa-
rameter in relation to the rest in solving a specific pedagogical or
management tasks. This issue is of particular importance for different
regions, where there are the specifics of the use of various informa-
tion resources [9, 14, 18-23].

On the basis of the considered list of characteristics in this work, the
structure of requirements (Table 2) is proposed, which allows to take
into account the features of the IRM as an element of automated train-
ing and features of the task of processing training and management
information. The requirements themselves represent desirable val-
ues for the characteristics of the system. The most common of them
are the requirements for IRM performance, flexibility, versatility and
compatibility with control systems and laboratory equipment.

From the point of view of speed (efficiency) to the IRM there are strict
requirements of work in real time, as the data processing must take
place at the pace of the educational process. The flexibility of the IRM
provides the possibility of frequent change of tasks, speed and conve-
nience of retraining. At the same time, depending on the specific appli-
cation, department, faculty, administrative management, operating
conditions, it is desirable to make a purposeful choice of the complete-
ness of support of the educational process, the universality of the main
components, the number of sources of source data and recipients of
the resulting information, a number of other characteristics.

Table 2. Structure of demand to IRM

Ta6sinua 2. CtpykTypa cinpoca Ha IRM

Demands - -
To the hardware To software means ;l;?a?: neducatlonal infor- Operational Complex
By used types of computers | Time processings of element SUS rl‘:;};%e(::f‘fsary computer Consumable power Eggg?&?{yw
By controllers The volume By speed Supply voltage Reliabil ds
: Time of setting up and training By the solvability of learn- . . eliability and Security
By interface IRM ing abjectives By size and weight . '
Resources available of ASU '];flStriCtibOI}l:- 1 .to thfe. ((i)P — By formality Conditions operations E%Xg‘;ﬂ%lilg
e . e probability of identification I . aptivity
On compatibility with ULB of thre) eduratin);lal situation By reliability source data Economic effect Openness

The use of fuzzy sets to define
the requirements of IRM

In solving the problem of choosing the IRM for processing educational
and management information, it is proposed to formalize the general-
ized requirements for it in the form of linguistic assessments using the
apparatus of fuzzy set theory and to use the data structure to represent
the parameters and requirements for the IRM presented in table 2.
For granulation of the relations of information space, a combination
of approaches of logic-linguistic modeling of D. A. Pospelov with the
mechanism of the general theory of uncertainty L. Zade and non-fac-
tors of A.S. Napiniani [24-33] is offered, based on generalized con-
straints and translation of the natural language phrases used for the
speech target, into the language of generalized constraints of the
type: X isr R, where X is a variable, R is a flexible, elastic constraint on
this variable, and isris a variable, in which ris a variable, and its value
determines the way in which R limits X.

The cognitive frame (CF) is a “fuzzy frame” whose slots correspond to
fuzzy or linguistic values»:

CF should be considered as a result of granulation of training informa-
tion, in the form of a linguistic variable in which the family of fuzzy
sets is compared to the term set. That is, it consists of normal fuzzy

Vol. 14, no 2. 2018 ISSN 2411-1473 sitito.cs.msu.ru

sets F={A1,.., An}, where any two adjacent sets have an overlap region.

In this case, the domain of reasoning X must satisfy the conditions of

fuzzy a-covering and the so-called semantic consistency, which are

reduced to the following restrictions:

a) the number of elements of the set F is small (in accordance with
Miller’s law it is within 7+/-2);

b) every A - unimodal and normal fuzzy set;

¢) neighboring fuzzy sets A, A; should have a small overlap area
(usually assumed that A, N < 0.5).

As follows from table 2, based on the system of fuzzy conclusions, it is

necessary to assess the level of compliance with the requirements of

the obtained IRM for five sets of requirements:

to hardware;

to software;

to educational information;

operational;

. complex.

Within each complex there is a division into five specific characteristics

(for the fifth complex - into seven). For each characteristic, a break-

down can be carried out, for example, by two, three or more normal

sets, a membership function can be constructed (see fig.1). For example,

the performance characteristics can be characterized by three normal

sets: “low speed”, “medium speed” and “high speed” (in the same way

vk whRe
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can be characterized by the weight of the device, ergonomics, complex-
ity, adaptability, etc.). Two normal sets (“low level” and “high level”) can
be characterized by such characteristics as, for example, the openness
of the system or the reliability of the original data. Finally, such complex

characteristics, as an economic effect or the probability of identification
of the educational situation is required to characterize the five normal

sets: “very low”” low”” medium”, “high”, “very high”. Membership func-
tions are determined on the basis of expert assessments.

Low Average high

Low

High

T
0 00

D nanlat Teancfar Talar

I

L
40

10 20

Fig. 1. Membership functions of fuzzy normal sets

Puc. 1. q)yHKL[I/lPI NPUHANJIEKHOCTH HEYETKUX HOPMAJIbHbIX MHOXKECTB

Thus, each of the 27 parameters of the “constructed” virtual IRM can
be compared with the value of the membership function located on

nificance (as determined by expert assessments) with the subse-
quent summation;

the interval [0,1]. The resulting estimates should then be aggregated 3. aggregation based on fuzzy inference systems;
by the final estimate of the IRM. It is possible to using the following 4. aggregation using systems of production rules (compiled with
methods for it: the help of expert assessments); a standard MATLAB package
1. adirect summation of the evaluation; can be used with the help of FIS - editor (Fig. 2).
2. multiply them by appropriate weighting coefficients of the sig-
B Rule Viewer: Articl =k
File Edit View Options
input1 = 222 input2 = 43.5 input3 = 0.00075 inputd = Te-005 output = 0.138
1 - - - [ ]
< - ] = ] [ ] I = ] [ ]
4 L] - E E |
s ST e = = - —
6 | ] [ ——4 1 [ = ]
T L ] e I | —— L |
9 L1 = S : ]
10 = < ' 5|
11 % % IIE ! [E— g
12 £ | — ] [ — [ = |
13 : : - —
_—_ = = = —
15 21T =1 ——| [ = ] I = | |
:g I —— : ——— (g _____1
—_— = = = —
19 | A — ] [ = | t = [ B
LU — =——— —— — I I
M1 ~1 [ — e | — o 1
73 —T— - e = —
29— 171 I  I— | ———— 1
4 439 3 Bd i 15 ] 14 e
Inpuf 221 6 435 0.00076 7e-005] Plot 101 |[Move left |right|dowr| up |
Opened system Article_2, 24 rules Help | Close |

Fig. 2. Graphical interface for viewing the generated system of production rules in MATLAB

Puc. 2. l'paduueckuii unTepdeiic Ajst HpocMOTpa creHepu
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pPOBAHHOM cHCTEeMBI IPOXU3BO/CTBEHHBIX paBus B MATLAB

Tom 14 N° 2 (2018) ISSN 2411-1473 sitito.cs.msu.ru



Valeriya A. Bezuevskaya

IT education: methodology, methodological support

477

The proposed simulation will allow establishing a fuzzy-multiple re-
lationship between the input parameters of the IRM and its compli-
ance with the proposed system requirements.

Conclusion

Based on the analysis of the existing lists of characteristics of EIS and
FIRMS in this paper, the structure of requirements is proposed, which
allows taking into account the features of IRM as an element of auto-
mated training, and also the features of the task of processing educa-
tional and management information. The list of requirements is the
desired values of the system characteristics. The most significant of
them are the requirements for IRM performance, flexibility, versatility
and compatibility with control systems and laboratory equipment. A
fuzzy-multiple approach to the evaluation of the constructed IRM sys-
tem is proposed, which allows to establish a fuzzy-multiple relation-
ship between the input parameters of the IRM and its compliance
with the proposed system of requirements.
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