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Abstract. In the paper, model for time optimization of educational process for the purposes of creativity enhancement in the course of
learning by students of educational subjects is considered. Creativity enhancement is supposed to be achieved by means of expansion
of trainee psycho physiological base, that is, by means of the maximum variety of educational signals modality. The optimization
problem is solved in general by creation of the model based on information states and according to the principles of forms synergy
for information support of educational process and optimum time balance minimum necessary for significant increase of trainee
creativity. The solution of optimization problem makes it possible to estimate a variety of educational signals modality for
educational and methodical guidelines, their completeness within the educational module, to find variants of time budget for various
pedagogic forms and methods for application in educational process.

Keywords: creativity enhancement, expansion of modal experience, information states, patterns of internal representation, modality
of educational signals Introduction

The problem of trainee creativity enhancement has been of interest in psychology and pedagogical researches for
many years [1-4].

In researches [4, 5-10], interrelation of intelligence, creativity and success (learning ability) is established, these
personality characteristics are considered as attributes of united individual mental resource.

Researches [3, 4, 6, 8, 11-13] proved importance of individual psycho physiological basis expansion for
productive creative activity, and in papers [8, 14-17], it is shown that completing of pattern of internal perceived
information representation up to subjective fullness is biologically motivated and, at the same time, it is a necessary
condition for resolving of internal contradiction of the creative task.

Earlier, we proposed a provision about creativity enhancement by means of expansion of trainee modal
experience [18].

Considering impact of set of information signals modality on the trainee in educational process corresponds to
the idea of creative field [5] and, for pedagogical purposes, can be converted into empirical constructs which can be
used for creativity enhancement.

Integration of Russian education system into global educational space, including Russia’s full participation in
Bologna process, enables transition from traditional Russian “lifewide education” paradigm to a new concept of
“continuing education throughout life” which is “lifelong education”.

Recent socioeconomic transformations in Russia have brought to focus the problem of professional training
quality improvement as well as maintaining trans-border education to provide interaction between the working world of
and the world of education. The problem solution determines changes in existing professional training system in Russia,
actualizes the concept of competency-based approach in professional development, and causes evolutionary shifts in
training management.

This approach can open the door to a multitude of new opportunities for the development of innovations in
educational establishments which include acquisition of competency-based pedagogical and management technologies,
developing practical-oriented approach through combination of professional and educational activities, and use of
efficient ways of knowledge generation and transfer based on innovative approaches.
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The development of practical-oriented approach in education, and the advisable combination of professional and
educational activities call for implementation of efficient ways of knowledge generation and transfer. One possible tool
for this urgent problem solution is e-learning. The global e-learning market nowadays shows significant growth, and, at
the beginning of the 21* century, it has reached $48 billion [19].

According to Sloan Consortium, in the USA by 2011 year the number of students involved in e-learning at higher
education establishments amounted to 6 million. The research based on opinion poll conducted at leading academic
institutions showed that students are at least satisfied with e-learning as compared to traditional one [20].

Educational establishments may be to a higher extent involved in e-learning while the price of such online
platforms will decrease. Online teaching requires qualified teaching and technical personnel. An e-learning teacher
should not only understand the learning material but be capable of using PC and internet technologies. Online education
is continuing to grow at some leading research institutes offering distant doctoral degree programs [21].

The development of e-learning has recently occupied attention of such scientists as D. Zhang and others who
considered the impact of interactive video on learning effectiveness and e-learning students’ satisfaction level [22]. U.
M. Krause and some other scientists have reviewed the effects of feedback on e-learning in statistics [23]. D. Palacios-
Marqués and other experts considered the problem of electronic educational project management and found out that
such projects require specialists with certain pedagogical and technical competencies [24]. R. N. Shaidullin and
colleagues have defined advantages of e-learning including flexibility, personalization, interactivity, and adaptability
[25]. The Professional-Pedagogic Institute of South Ural State Humanitarian Pedagogical University has launched the
“Development of professional training teachers’ information and communication professional competencies in security
aspects” project [26] which specifically analyzes the problem of distance educational technologies (DET) safe use.

As one of important problems of modern pedagogic is development and updating of socially important
characteristics of the personality, to which creativity belongs as well, problem of school hours optimization for
creativity enhancement by expansion of trainees modal experience is also of high importance.

I. The problem definition

II.

Requirements of educational standards give guarantees of effective substantial learning, educational process is
implemented in the form of regulated information procedures and these procedure forms are determined by forms of
learning session carrying out.

For the purpose of individual creativity enhancement, it is necessary to synthesize a set of information
educational flows in such a way that they were represented in the maximum modal variety of educational signals.

The aforesaid results in necessity of coordination of separated information processes and optimization of
educational time budget for the benefit of planned educational competences forming (knowledge, abilities, learning)
with enhancement of individual creativity by expansion of trainees modal experience.

For solution of the mentioned problem with use of formal methods, formulation of number of the principles and
conditions is required [27-33]:

principle of synergy of two forms of educational process information support: objective, aimed to development
of educational subject, and supporting, directed to expansion of modal experience of trainees;

principle of optimum time balance sufficient for learning of discipline content by trainees in accordance with
educational standards and minimum necessary for significant increase of trainees creativity.

We do not consider limitation of number of basic educational signal modalities as in case of real training the
synthetic signals of various modality are possible which differ, for example, not only by format (for example, audio
format), but also by their fractional characteristics (tone, amplitude, speech speed — for audio modality).

We also intentionally do not define type of educational institution, age of trainees, educational subject, we
consider it necessary to simulate optimization problem in the most general conditions.

Use of mentioned above principles and conditions makes it possible to simulate optimization factors of
educational activity system for the purpose of enhancement of trainee individual creativity by expansion of trainee
modal experience.

As to the problem content, the problem is formulated as follows: for enhancement of individual creativity in the
course of educational process, it is necessary to develop methods for integration of polymodal information processes of
educational activity and activities for expansion of trainee modal experience.

II1.Solution of optimization problem

Iv.
For the problem and its solution formalization in accordance with principles formulated above, we will
determine an ensemble of information states Z= {z;| z; € Z,i =1, 2, ..., |Z]} which characterizes consecutive change of
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creativity level in the course of creation of educational competences components; and ensemble M = {y,,| v, € M,m =1,
., |M]} of psychophysiological impacts of various modality.
Let us put in correspondence to each element z; of ensemble Z an element y,, of impact ensemble M.
For each educational subject we will determine an ensemble:

Fy={mlfwe Fnm=12,..,M,j=1,2, .., |F,[} (D

of informative signs of educational signals expressed in various modalities. Besides, for all set of ensembles ﬂﬁ'm, (from
m=1to|M]) we will determine an ensemble:

F={f|f e F.j=1,2,....\M},F<NF, (fomm=1to |M)), ©)

consisting of sub-ensembles f of significant informative signs which unambiguously determine impact of educational
signals of some modality (audio, visual, synthetic, etc.).

In general case, set of informative signs of ensemble E,, for one educational subject does not provide
completeness of various modal impacts, and learning of informative signs entering ensemble £, is necessary when
studying the following subject, etc. until set of informative signs became sufficient for completeness of pattern of
trainee internal representation. "

This causes necessity of analysis for informative signs sequence Fm, Fm+1, Fm+2, , F, from k, beginning from
the first, in which the informative sign is formulated.

In these conditions, ensembles E,, u F are also connected by relationship:

fi = EUENE e \UE N i) U, U
ENE NEpaN. . NE ). 3)

Further we will express sequence (3) in the form of ensemble S, where n — current length of the sequence, m < n
<m+k
Besides, we will put ensemble:

X=x0 x5 (h)eXj=12, ., |F[}
of possible ways of significant informative signs implementation in correspondence with each sub-ensemble of these
signs f.

In general case, educational process can be formally represented as a process of change of the process
information states U° = (u°}, u’s,..., u’| 7)) for creation of educational competences components and U" = (™}, u",...,
u™ ¥|) process of creation of various modality educational signals which significantly influence expansion of trainee
modal experience.

Assuming that, for implementation of information process U°, educational activities possess full time budgets,
we will put time budget vector 0= (¢°1, ¢°%--» 4"i---» 4°| 7)) in correspondence with U° information process. At that,
to each element ¢°;, of temporary recourses vector ensemble o, F ensemble is put in correspondence and to each
element ¢"; of ensemble O° — one of elements of ensemble X e

Ey=Fy (¢%),i=1,2,....1Z,m=1,2,..., M,
x=x(q"),1=1,2,....| X|.

Then creation by educational process of information state z; within an educational subject y,, is described by the
equation:

Y (20) = u% )" (Fp)NS,,

when fj Z S

and equation:

Ym (Zi) = ;(j (Sn)a

when f i © Sm ko

Further, we will formally agree to understand h., variant of optimum control of individual creativity
enhancement by expansion of trainee modal experience as certain data set w(O™) characterizing distribution of
elements of time budgets vector O™, and also methods of this resources realization for the benefit of information process
o™,

Let us designate an ensemble of possible variants of such distributions

We = {w (O | wi(O")e W, h=1,2,...,| W'}, 4)
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where | W* | — number of variants in ensemble W,

and value of polymodal creativity indicator for educational and methodical guidelines in educational process for variant
w,(O™), requirements to quality of training and structure of educational process S as ¢s(w") = E [C, S, w*,(O™)].

Thus, the problem of optimum enhancement of individual creativity by expansion of trainee modal experience
can be formulated as set of problems of synthesis of polymodal information processes for the benefit of enhancement of
trainee individual creativity. This problem can be solved on the basis of methods of identification of educational activity
time budgets, the recourses distribution between educational subjects and use for implementation of working training
programs and curriculum for the purpose of maximizing ¢°s(#“;) value on an ensemble (4). Formally it can be written
down as following:

g5IC, S, ws] — max, we W, h=1,2,....| W°|.
Thus, optimal variant 7, is determined from formula:

W (opny = arg max qs(w,), we W-. )

V. Conclusion

VL

The obtained relationship will make it possible to solve some organizational and methodical problems in the
course of educational process upgrade in various educational institutions for the purpose of individual creativity
enhancement by expansion of trainee modal experience.

Some of such problems are:

optimum distribution of time budgets among specialization disciplines for the purpose of maximization of
polymodal educational signals impact;

assessment of modal variety of educational signals of educational and methodical guidelines and their
completeness within the educational module;

findings of variants of time budgets for application of various forms and methods of pedagogical impact in
educational process, and some other.

Pedagogical study and adaptation of mentioned special tasks for specific educational institutions are directions
for further researches.

The obtained ratio may be starting, for example, to find the optimum training time in distance learning [34],
when the training data signals are implemented through information and communication technologies. Obviously, in a
number of distance education modalities basic training signal is determined by the technical characteristics of computer
hardware and peripheral equipment.

Mogaeab onTHMHU3aIUA 00PA30BATEIBLHOTO MPOLEcca VISl PA3BUTHA
HHAUBUAYAJIbHOI KPEATUBHOCTH MyTeM PACIIMPEHUS MOJAJBHOI0 ONbITA
00y4aeMbIX

E.A. T'agapoBa, B.A. beiresutun, E.H. Cmupnos

Annomayun. B cmamve paccmMompena mooeib ONMumMusayuu 0opazo8amenbHO20 Npoyecca no 8PEMeHHOMY pecypcy 05 yenel
PassuUmMusi KpeamugHOCMuU 8 npoyecce 0CBOEHUst 00YUAWUMUCS YueOHbIXx Oucyuniul. Hanpasnenue pasgumusi KpeamugHOCmu
npeononazaemcs uepe3 pacuupenue NCUXOQU3UON02U1ecKo2o 6asuca 00yuaemoeo, mo ecmb NocpeocmeoM MAKCUMATLHOZO
PA3HO0OPA3UA MOOANLHOCHIU YHEOHbIX CUSHAN08. 3a0aua ONMuMU3ayuy pewena 6 oouwem euoe npu NOCMpPOeHUU MOOenU Had OCHOBe
UHDOPMAYUOHHBIX — COCMOAHULL 8  COOMBEMCMEUU €  NPUHYUNAMU — CUHepeuu  opm  UH@OOpMAyuonHo20 — obecneuenus
06pasosamenvHoco npoyecca U ONMUMATLHO20 OANAHCA BDEMEHHO20 pPecypcd U — MUHUMANLHO HeoOX00UMO20 Ol 3HAYUMOZ0
NOBbIUUEHUA YPOBHA paA3GUMUs  KpeamusHocmu oOyuaemvix. Pewenue onmumuzayuu no3eonsem OyeHums pasHoobpasue
MOOATLHOCIU YUeOHBIX CUSHANO8 YYEOHO-MEMOOUUECKO20 0DeCnedeHuUs], UX NOIHOMY 8 PAMKAX Y4eOH020 MOOYIs, HAUMU 8aPUAHMbL
UCNONIb306AHUSL BPEMEHHO20 PECYPCA NPU NPUMEHEHUU DA3TUYHBIX DOPM U MemOo008 Nedac0cUdecKo2o 6030€UCmels 8 Y4eOHOM
npoyecce.

Knrouesvie _cnosa: pazsumue xpeamusnocmu, pacuiupenue MOOAIbHO2O0 ONbIMA, UHPOPMAYUOHHbIE COCMOAHUS, NAMMEPHbL
6HYmMpeHHell penpe3eHmayuil, MOOaIbHOCMU YUeOHbIX CUSHANO8.
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Moaeab onTuMizauii OCBITHbOI0 Mpouecy AJs PO3BUTKY IHAUBIAYAJIbHOL
KPeaTUBHOCTI LIJISIXOM PO3LIMPEHHS MOAAJIBHOI0 JOCBIAY 0Ci0 1110 HABYAKOTHCH

O.A. T'agaposa, B.A. Beaesirtin, €.M. CMupHoB

Anomayin. B cmammi po3ensanyma mooeib onmumizayii 0C8imHb020 npoyecy wooo 4aco8oo pecypcy 0isk PO3GUMKY KPeamueHOCMI
Y npoyeci 3ac60€HHA HABYANLHUX OUCYUNLIH ocobamu, wo Haguaromucs. Pozsumok xkpeamusnocmi nepedbauaemvcs 3a805Ku
PO3UUPEHNIO NCUXOPIZI0N02IuH020 bazuca 0codu, KA HABYAEMbCsL, MOOMO 3A60AKU MAKCUMATbHIU PISHOMAHIMHOC MOOAIbHOCHII
HAGUANbHUX CUSHANIG. 3adaya onmumizayii po36’sa3ana y 3a2aibHOMY GUNRAOKY Npu NnoOyoosi MoOeni HA OCHOSI iHpopmayiiHux
cmawie y 6iONoGIOHOCMI 3 NpUHYUnNamu cuuepeii gopm iH@opmayilinozo 3abe3neueHHs O0C8IMHLO20 Npoyecy i ONMUMATbHOZO
banaucy 4aco8ozo pecypcy ma MIHIMAAbHO HeOOXIOH020 04 3HAYHO20 NIOBUUEHHS DIGHS PO3BUMKY KPeamusHOCmi ocib, ujo
Hasuaromovcs. Po3e’s130xk  onmumizayii 0036018€  OYIiHUMU  DISHOMAHIMHICIb  MOOAILHOCMI HABYANBHUX CUCHANIE HABYAIbHO-
MemoouyHo20 3abe3neuents, ix NOBHOMY 8 PAMKAX HABYANLHO20 MOOY/S, 3HAUMU 6apianmu 6UKOPUCMAHHA YACOB020 pecypcy nio
Yac BUKOPUCMANHSL PI3HUX POPM [ MEMOOie Neda2o2iuHo20 6NIUBY Y HABYATLHOMY HPOYECI.

Knouosi _crosa: pozeumok kpeamusHnocmi, poswupentss MOOAIbHO20 00CGi0y, iHopmayitini cmanu, RAMepHu GHYMPIUHbOT
penpezenmayii, MOOATbHOCMI HABYANLHUX CUSHANIE.
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