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MODEL OF USER TRAINING PROCESS IN DISTANCE EDUCATION SYSTEM
BASED ON NETWORK GRAPHS

The necessity of the using the model of learning process for user of distance learning systems
(SDL) is grounded. For the creation of the model it is suggested to use the well-known method of network
charts from an area a management projects. The specific of subject industry causes the certain features
and differences from the generally accepted network charts in a description of educational user of SDL.
In the SDL it must be a standard chart of educational process and the individual study chart should be
formed in his education. Here are offered the simple methods of comparison of standard study chart of
disciplines during the semester and individual chart of this user that is necessary for the possible
correction of educational process.

Keywords: network chart, educational process, electronic studies, distance education.

The ground of a problem. High-quality system of distance learning (SDL) must have the
subsystem of monitoring and process control of getting the knowledge as one of the component
parts. It is necessary because of the substantial difference with the subject who studies ( we will
call this person a “user” or “user of SDL” regardless of the fact what qualification level of
education he obtains: it can be graduate student, magistrant (undergraduate) , student, listener of
courses, etc) and subjects who teaches (teachers). In a whole teachers operate on a student through
the set of information that is brought by them to the SDL. The information given by a usual
teacher ( who is not a programmer-developer of SDL) is passive: lecture notes, examples solving
practical problems, descriptions of laboratory equipment and methods of work with it, exercise test,
test papers etc. In the best variant the teacher can point the links (hyperlinks) between the individual
elements of the course, and it is not enough for complete replacement of teacher. In fact the user is
alone with this sometimes very voluminous information.

So, very often there is a situation in SDL when the user has access to many useful and more
or less qualitative information resources but doesn’t know or doubt how to start the regular classes,
what is the sequence learning and what size of information should be learnt for the one lesson. To
address this critical shortage of SDL it must have the active system of management. The system
should have such functions:

- strategic or global control for the user’s passing the material with the help of which the SDL
checks the topics that user learnt and what is his level in the learning (by measurement and analysis
of time given to user for learning the materials of the topic, and by current and final evaluation
(control). Thus, strategic control indicates whether the learning strategy is stored;

- tactical or ongoing monitoring of the user's activity at the concrete time, with the help of
which the SDL checks the correctness of the user's learning process. For a example, rapid transition
during ten minutes between several different topics or even disciplines is not a correct approach to
learning and SDL should trace this and indicate the failing to the user. If it is necessary (threshold
exceeding degree of deviation from the normal process of learning) the SDL can make adjustments
to the process of learning forced,

- saving the history of the learning process of a particular user for further statistical analysis.
The details about the time for leaning each topic, the length of the intervals between periods of
teaching this subject and education in general, etc. are interesting for us. Such information after
averaging over a large number of users would allow adjustments to the ideal strategy of education(
if, for a example, applicants each year are becoming less prepared due to the high competition
between different universities or, for example, to the contrast of this by improving the medium level
of knowledge through the increased competition for entering this university).
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To perform the functions the administration ( management) system needs some reference
information that is the "perfect" strategy of study this specialty. There has to be specified the order (
sequence) in which different blocks of materials on different disciplines should be studied and the
time that should be devoted to this. The main terms of this study is that this sequence must be
implemented and described. There must be a certain model of the learning process and the rules for
its assembly. Then there will be and the ability to compare the activity of the student with the
"standart", with the presence of a particular model a distance or a degree of deviation from it can be
introduced and it will be controlled. With the increasing of the deviation the SDL shall adjust the
training plan of user to guide to the appropriate direction.

Thus, there must be a certain model through which it would be possible to describe the
sequence of actions of the user of SDL with the right training.

The analysis of recent research and publications.

The significant contribution to the study of mathematical foundations of functioning SDL
was made by Fedoruk P.I.[1], who descry the use of different models, in particular, as a directed
graph vertices and edges of which are structural machines of various designs. Because of the fact,
that the author learns only one study course ( that consists of a set of successive elementary facts -
quanta) rather than a set of individual courses-disciplines that is necessary to construct a model of
the learning process in higher school this model is not complete. According to the Regulations on
Distance Learning [2] in Ukraine the term of study for students on distance learning is established
by the institution of higher education and must not be less than it is in a full-time course by the
relevant education, skill levels, training areas and specialties. Thus the model of SDL in high school
must use the principles of full-time study: the number, sequence and timing of the study subjects
that are similar to full-time study. So by looking to the totality of the courses that are taught at the
same time by a student it must pay attention to jumps between them in modeling the learning
process.

As the learning process can be represented as a collection of some of the required works the
implementation of which led to given outcome, the method of network graphs can be used for the
description of the process. The principles of works with online schedules are described in the
literature on project management ( for a example, [3] and [4], but the features of constructing the
models of learning process certainly are not excluded.

Thereby because of the absence of a suitable model the purpose of the work is to create a
model of the learning process for individual student based on the method of network graphs.

The main part.

Later under the mains schedule we will keep in mind net schedule of events where the
vertices of are the certain states of an object and the arcs are works that are conducted by the
object. Traditional features of objects the networked graphics are build for are the possibility of
parallel execution of works on site, the interdependence of work, the opportunity of permutation
independent work for the optimization (time or cost of the project). If the object is the user of SDL
(or rather, the totality of his knowledge) and the works are learning some small portions of
educational material V,; (their amount depends on the level of detail of the model it can be concrete
chapters, paragraphs, indivisible pieces of information - atoms or photons, such as rules, formulas,
definitions, facts, theorems, descriptions of settings, etc.) or passing different types of control X,
then the graph that can be represented as learning process will have some differences from the
classical concept of network graph ( here we have n - number of subjects, i - number of the portion
of educational material, q - number of control).

The main difference is that in a short time Az works can't be made simultaneously because
there is only one performing device in a system. It is a user (simultaneously in a given time only
one subject can be taught, only one specific work (task) can be made):

lim N=1
At—0
where N is amount of works for making simultaneously.
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However, if the time interval is considered as period equal to the semester and with the
conditions for successful learning of all the subjects, this limit shall be equal to the total number of
subjects during this semester:

lim N =maxn
At—>T

where T is the duration of the semester (e.g., 18 weeks).

But despite of the simultaneous study of several subjects in the semester, only one work can
be done during the given time, and the user has to jump between learning particular subjects
(works).

The common feature in modeling the learning process with the classical definition of network
graph is interdependent of works i.e. the material that is studied. I t is well known that the
curriculum in it's ideal form should account the interdependence of material in different disciplines.
However, in practice such interdependence is too aggregated and truly realized only at the level of
concrete semesters(particularly in Flow Chart of specialty or direction). Interdependences of
material sciences in a module, and especially at the level of small subjects are neglected, and this is
primarily related to the enormous complexity of the problem with considering such dependence.

Another difference between the model of network graphs that is developed here and the
traditional one is the inability to reshuffle the works of one discipline (presentation of which has
its sequential logic) and limited opportunity to reshuffle the works in different disciplines. This is
explained by the fact of situation when, for example, at the beginning of the semester the user has
already learned the entire course of physics as the most interesting to him, and the course of
mathematics is studied at the end of the semester, because Mathematics is undesirable for him
because of the reason that it reduces the quality of his learning. It is well known that for the best
learning the speed of learning the educational information must be low; the information that he
studied at the beginning of the semester will be quickly forgot before the exam; learning all the
material at the end of the semester for a small period of time before exams is not possible too
because of the limited properties of the human brain. So, it is better to learn the stuff of every
discipline during the whole semester and then repeat all the material before final control.

So, because of everything foregoing, the "reference" learning process (schedule) that is
offered to the user can be represented by the type of network graph in pic. 1.

V11 V12 V13 V14 V16 X12

the beginnin Vay VSM

of the semest —

NN

4 51 Vs, Vs3 4%&

Pic. 1. Example of standard learning process, proposed for the user

the end of the
semester

On the picture some bold lines represent the two types of work: V,; — work on the study of
concrete information from n-some courses (discipline) and X,, — g- control work on n-some
discipline. The upper horizontal band formed by works of n=1 corresponds to the first discipline,
the second band corresponds to the second one, etc. The whole learning process is depicted by
continuous thin broken line of light color. Thus, it is proposed to start the process of learning with
learning chapters Va1, Va; of fourth discipline, then to switch to the third discipline to its part V3,
then the fifth one and study sections Vs;, Vs), Vss, etc. In the middle of the semester the user should
pass the test( control work) X3; then learn part V3s, then pass test (control work) Xi;, X5, and learn
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more material. Control works (tests) of subjects 2 and 4 (X1 Ta X41) are scheduled only to the end
of the semester.

At the right end of each segment the moment of time #,, that is ideal for completing the
execution of a work. In addition to this, in SDL on the first and the last stage of learning the
discipline that are studied during the semester an input and output controls should be provided for
evaluating and adjusting the quality of the learning process. This will give the opportunity to
construct the individual learning strategies including capacities to learning of the concrete student.
The tasks for input and output control should be the same in form or can be tests, this makes it
possible to qualitatively assess the progress of acquiring knowledge and then tie a qualitative mark
with the time of learning.

The approached model of building process of learning allows to represent the entire
sequence of user actions in the semester conveniently (visually), if it is necessary it gives the
opportunity to make a detailed analysis and optimization, and the main it references to compare the
proposed scheme with the sequence of user actions in a reality. Indeed, the user of SDL is much
more free than the user in full-time education therefore he can deviate from the proposed scheme.
His actions form their original scheme such as on pic.1. The big difference of the time (which can
be roughly equated to performed work) and runtime of making the least done disciplines can be
taken as a simple signal that shows a significant deviation from the ideal learning process:

max?,'-mint,'> At
n n

where #,” is the moment of time in the middle of the semester, when the making of a last
currently made work on n-th discipline was completed.

Another sign of malfunction is a very little time of learning the majority of works. It is also
can be a very long period of time between the execution of two consecutive works in one discipline.
There are also other variants of analysis and comparison the standard schemes of learning and
individual process of it; they are more sophisticated than these (planned for further research).

Conclusions. The work presents the use of network graphs for modeling the learning process
in the SDL. This model has certain features related to the specific area of the subject (the works
may not be made simultaneously in small time intervals and vice versa must be performed in
parallel in large ones). The use of such model can be useful for managing of a process of distance
learning by the information system (it allows making the visual analysis and comparison of
learning and reference schedules that are offered by the educational organization).
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Oorpynmoeana HeoOXiOHICMb GUKOPUCMAHHA MOO0eIi npouecy HAGYAHHA Kopucmyeaua 6
cucmemax oucmanyinunozo nasuanusa (CAH). /Ina cmeopennsa mooeni nponoHyemsca euKOpucmamu
3azanvHogioomuii memoo cimvosux 2pagikie 3 obaacmi ynpaeninna npoexmamu. Cneuudpixa
npeomemnoi 2any3i CHPUYUHIOE REBHI 0coOAUBOCMI MA BIOMIHHOCHI 6i0 3A2a1bHONPUIHAMUX
cimpoeux cpaghikie npu onucamni came mnaguanvHozo npouecy kopucmysava C/H. Y CHAH mace
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iCHysamu emanoHHa cxema RPoyecy HAGUAHHA, AKA NPOHOHYEMBCA KOPUCHYEAYY, d MAKOMNC 6
npouyeci 1020 HAGYAHHA opmyembcea inHougioyanvna cxema. Ilponouyiomeca npocmi cnocobu
NOPIGHAHHA eMANOHHOT cXemMu 6UBUEHHA OUCUUNIIH cemecmpy ma iHOuGioyanvHoi cxemu OaH020
Kopucmyeaua, sike Heo0XiOHo O MONCIUBO20 KOPUZYBAHHA NPOUECY HABGUAHHA.

Knwuosi cnoea: cimvosuil zpagix, npoyec Haguanua, e1eKmpoHHe HAGUAHHA, OUCMAHUIIHA
ocgima.
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Obocnosana HeoOX00UMOCHIb UCHOIBL30OCAHUS MOOEIU Npoyecca o0yyeHus Hoab306amens 6
cucmemax oucmanyuonnozo ooyuenun (CA0). [na cozoanus mooenu npeonazaemcs Ucnoib3o8ams
Memoo cemegwix 2pagukos uz ooaacmu ynpaeienus npoekmamu. Cneyuguxa npeomemnoi ompaciu
co30aem HEKOMOpbvle 0COOCHHOCMU U OMAUYUA OM O0WENPUHAMBIX CEMesvlX 2paukos npu
OnUCAHUU UMEHHO y4ebHnoz2o npouecca nonv3oeamenn C/AH. B C/HH oonycua npucymcmeoeams
IMAIOHHAA cXemMa Rnpoyecca 00y4UeHUs, KOmopas npeoaazaemcs Hnoab308AMeENnto, a4 MmMaxxice 6
npoyecce e2o ooyuenusn hopmupyemecsa unoueuoyanvnas cxema. Ilpeonazaromea npocmote cnocoowt
CPasHenus IMANOHHOU CXeMbl U3YUEHUA OUCUUNIUN CeMeCmpa U UHOUBUOYANbHOU CXeMbl OAHHO20
nonv3oeameis, KOMoOpoe HEOOX0OUMO Ol 603MONCHOI KOPPeKUUU npoyecca 00yuenus.

Kniouesvie cnoea: cemeeoit zpapux, npoyecc o00yueHus, INeKMpPoHHOE O00yUeHUe,
oucmanyuonHoe oopasosanue.



