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ABSTRACT

Context. The problem in substantiation for methods on constructing models of trainer and trainees, taking into account the
peculiarities of their information activity, is considered. The object for the study were the models of trainer and trainees as
participants in information interaction.

Obijective. The goal for the work is the solving of the tasks in conceptualization and formalization, aimed at modeling the
trainer’s subsystem in the framework of information technology for instruction, as well as modeling information flows and
information procedures in the model of the trainee’s subsystem.

Method. The key components of learning systems and processes are the trainer and trainees. The essential features of
information interaction between the instructor and trainees are highlighted. The basis is the concept of the information flow, the
specific properties of information flows that are characteristic of learning processes and important for their successful progress are
identified. Methods for modeling the key components of the training system as an information system are proposed, such as: the
trainer's subsystem, considered from the point of view of the application for learning information technologies; a subsystem of the
trainee, represented from the perspective of the use for information flows and information procedures.

Results. The proposed models were implemented programmatically and studied practically in the learning processes as a result
of working out the modeling tasks for the trainer and trainees as participants in information interaction.

Conclusions. The conducted experiment confirmed the effectiveness and validity of the concepts and formalisms, the
appropriateness for their implementation in information systems, processes and technologies of teaching with the purpose of
increasing the processes efficiency on obtaining and practical implementation of information activity models for the trainer and
trainees. Further development of research implies the consideration for a wider range of the information activity aspects on the
educator and trainees, as well as the corresponding experimental approbations.

KEYWORDS: modeling, trainer, trainee, information, information systems, information processes, information technologies.

NOMENCLATURE

A is a memory operator;

A'is an inverse memory conversion;

Ay is an initial nondegenerate memory operator;

A is a parameter vector with components m, s, 6;

a; is an i-th implementation for the vector of
parameters a,;

C is an assessment scale of learning error;

Cy» are grades obtained for educational trajectories &~
of the i-th learning stages;

Cy; is an estimate obtained for the x;-th segment on the
i-th stage of the learning trajectory;

dimX is a dimension for a subset of the set M at the

input;

dimY is a dimension for a subset of the set M at the
output;

f is a functor for the operator of signal
transformations;

/!is an inverse transformation functor for f;

) is a function for the signal conversion operator;

/710 is a reverse signal conversion;

grad is a gradient function designation;

H{() is an entropy associated with the information
process I and the time parameter ¢

H_() is an entropy of the =k cross-section for a

random process describing the information flow /;
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I is a designation of an information flow associated
with the functional dependence /(¢), a flow of information
from the trainer;

1 is an input information flow;

1,. is an output information flow;

1, is an information flow describing the model of the
student’s representations;

1() is a functional dependence on the argument ¢,
which determines the instantaneous value of the
information flow amplitude;

°J() is a random component of an information process,
determined by the normalized flow;

i — index variable;

i is an index variable;

k is some specific value of the time variable ¢ in the
formula for finding M{/} in the cross-section =k;

k; is a quantity of the i-th stage segment in the learning
path;

k", is the [-th partial learning path (/= 1, 2, ..., N);

log, is a mathematical operation of calculating the
logarithm for the base a;

M is a set of elements m;

M{} is a function for determining the value of a
mathematical expectation used to obtain the expected
value of an information flow;
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M {},— is an expectation for an information flow of the
learning process as a random function of a time in the
cross-section =k;

My() is an expectation function associated with the
information process / and the time parameter #;

m is a number of options;

m;is an i-th memory element;

n is a number for topics of the studied course;

N is a variable that stores the number of summable
elements;

P is a probabilistic characteristic of an information
flow associated with the functional dependence P(¢);

P() is a generalized random process that describes an
information flow in accordance with a given timeline as a
function of the argument ¢,

P() is an i-th discretization of a random process
describing an information stream in accordance with a
given timeline as a function of the argument ¢;

r is a designation of the barrier function weight;

S'is a set of connections s;;

s is some connection of memory elements;

sup is a mathematical operation of finding the exact
upper bound;

s;1s an i-th relationship between memory elements;

t is a current time of the information flow passing;

U is a designation for the optimal control model,
described through sequences of the partial trajectories;

u is an information flow while minimizing the student
error;

x is an argument of the target function f{);

x*is an x value corresponding to the solution of the
optimization problem (the optimum point);

x*@is some optimum point O();

X() is some event flow vector;

Aa is some deviation of the vector a;

Al is an information flow, evaluating the mutual
deviation of information flows;

O is a set of weights 0;;

0 is a weight (significance) of the memory component;

0; is some weight characterizing the i-th memory
component;

¢;() is an i-th constraint in the optimization problem;

®() is some modified objective function f);

Q is a set limiting a possible values of the x*.

INTRODUCTION

The increase in labor market requirements, objectively
conditioned by the current realities of the course and the
forecasted trends in the development of social and
economic processes, requires an increase in the
intensification of the specialists (professionals) training.

The learning processes are characterized by high
information saturation and dynamism of information
spaces for studied subject areas, which determines the
high level in relevance and practical value for researching
information aspects of learning processes, including such
aspects of their study as information, information objects,
information  processes, information systems and
information technologies.
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Strengthen these features also such factors as
increasing activity and the growing volume for
information needs and information requests of
participants in the learning process.

It is important to consider the information components
of the learning processes within a single integrated
system, based on the methodology of the system-technical
approach.

No less important is also the allocation within this
review of a separate, special, more thorough study of such
key elements of information systems that provide the
learning process, both trainer and trainees.

The object of study is a set of models for trainer and
trainees, considered as participants in information
interaction.

The subject of study is a set of concepts and ways for
modeling the trainer and trainees, studied from the point
of view of the basic components for an integrated system
of information technologies in teaching.

The purpose of the work is to solve the problems of
conceptualization and formalization, aimed at creating
methods in modeling the trainer’s subsystem in the
framework of information technology for training, as well
as modeling information flows and information
procedures in the model of the trainee’s subsystem.

1 PROBLEM STATEMENT

The theoretical and applied research conducted in the
sphere of modeling systems, processes and technologies
for training examined from the point of view of their
informational aspects is still not fully complete, detailed
and systematically covers issues related to modeling
methods for key subsystems of the information system of
education, in particular, information subsystems of the
trainer, trainee and their dynamic components such as
information flows and information procedures [1-16].

Proceeding from the above, the key task of research
and development in the presented work was the creation
of concepts and modeling methods for the following two
basic subsystems of the information learning system: the
subsystems of the instructor as a source of dynamic
information flows in information technologies of
instruction; the subsystem of the trainee, viewed from the
point of view of the dynamic information flows and
procedures in which he participates as a component of the
information learning system.

When modeling the information subsystem of the
trainer in the framework of the information technology for
education, it was necessary to obtain: for the training
information flow / as a time process I(f), having
probabilistic elements and considered in time sections =
k — functional dependencies for the expected value
M{I} — and the random component °/(); structural model
of the information subsystem for the trainer, taking into
account the consideration of the educational system as an
information technology complex with optimization
management; the structural model on the dynamics of the
information subsystem for the trainer as a generalized
object with an inertial link of the first order; formular and
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structural view of the optimization model of learning
process control as a movement along information
trajectories with minimization of the training error,
assessed by scale C.

When modeling the student’s information subsystem,
from the angle of information flows and information
procedures functioning in it, it was necessary to obtain in
the work: classification of information flows; structural
model of information flows, with the release of the types
of information technologies on which it is based; the
formula model for transformations of the input
information flow /. into the output information flow I,
taking into account the peculiarities of the information
signal space, memory and memory operator A; the
formula model for describing information in memory
using direct f and inverse /' transformations of signals
carrying information; the formula model of condition for
the completion of training as an information process; the
structural model of information flows in memory;
formula models for estimating the gradient of the
deviation for information flows in learning gradAla;
taking into account the information reproduction error
Al(a), descriptions of the gradient training procedure, the
optimization task of learning as an information process
using the penalty and barrier function methods; the
structural model of the student subsystem as an
information system for optimal control of information
accumulation.

2 REVIEW OF THE LITERATURE

Improvement of the modern education is based on the
use of advanced technologies related to the categories of
computer, network, information, information and
communication (including distance) technologies based
on advanced hardware and software means of information
broadcast, and also possessing a high degree of
interactivity [1-12].

Wherein, because of the possibility, the widest range
of advantages and achievements in the sphere of modern
information systems, processes and technologies is used
[1,4-5, 17-23].

The basis of the learning processes is the use of
information, and, consequently, an important role in
ensuring their effectiveness is played by the expedient use
of information systems, information processes and,
accordingly, information technologies.

In connection with the foregoing, high relevance and
practical value have effective models and algorithms for
information components of learning processes.

In this regard, the key starting point is the information
flows and the corresponding dynamic information
procedures in the learning processes, their interactions
and models, which was reviewed by the authors in their
previous publications.

In this paper, we consider the questions on modeling
of the trainer (teacher) subsystem in the information
technology of instruction, as well as information flows
and information procedures in the model of the student’s
subsystem.
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For definiteness of further consideration, we will
adopt the most common definition of information
technology [6, 17-22, 25-26], according to which, further
information will be presented in Table 1.

It should be noted that information technology is
based on the following basic principles: interactive
(dialog) mode of operation with a computer; integration
with other software products; the flexibility of the
process for changing data and setting tasks.

All basic information technologies (Table 1) are used
in educational processes, being their basis and the main
tool.

The notion of information flow is inextricably linked
with the notion of information technology [25-26].

The well-known notion of information flow, which
came from logistics [25-26], is evidently inherent in any
information system and information technology.

The desire to connect the notion of information flow
with the information system and information technology
[25-26] leads to the following definition: the information
flow is considered the totality of messages circulating
within the information system, as well as between this
system and the environment external to it, necessary for
management and control of information technology
operations.

It is advisable to use the classification [25-26] of
information flows (Table 2).

Table 1 — Types of information technology

Information Content of activities, related to the
technology implementation information technologies
classes
Data processing | Processing according to a known, specific
algorithm
Management Ensuring the adoption of management
decisions
Automated Organization and support of information
office processes
Support The development of a management decision
for that occurs as a result of an iterative process, in
decision- which a decision support system (a
making computational link and an object of
management) and a person participate
Using Based on the use of artificial intelligence,
of expert expert systems provide an opportunity to
assessments receive expert advice on any problems about
which these systems have accumulated
knowledge

Table 2 — Classification of information flows

Names of Content
information of information flows
flows

Horizontal Coverage of messages between partners on
production relations in one level of management

Vertical Coming from above, from the leading instances
to the subordinate instances or links of the
system

External Flow in an environment external to the system

Internal Circulate within one system

Input Messages entering (arriving) to the system or to
one of its subsystems

Output Messages that go beyond one system or one of its
subsystems
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The method of modeling information systems is based
on the following “cornerstones”: the simplest property of
the information flow is one-pointedness (from source to
receiver); the narrowness of information interaction only
the source and receiver processes; the general principle of
modeling is optimality.

On the one hand, the desire to achieve the optimality
of the model is considered as a tool for obtaining a valid
(which corresponds to the original with the greatest
possible deviation or error if possible) representation of
the object and its environment, which requires special
procedures for finding the appropriate conditions and
constraints, and also for the dynamic step-by-step
approximation of the model to the object.

On the other hand, the optimality of learning
processes models involves the use of optimization
procedures in order to obtain an effective representation
of information processing processes.

On the third hand, it is the optimization procedures, on
which progressive information technologies are based,
that make it possible to realize them highly efficiently
[14, 16, 24].

In all the cases presented, we have the following
features: the optimality of the modeling for the
information components of the training systems is closely
associated with the dynamic nature of the information
training procedures; the key consequence of the
optimization procedures dynamism, which increasingly
leads to the need for their consideration as independent
dynamic objects and most clearly manifested with a
decrease in the step of their sampling, are the significant
time costs for optimization, related to the high complexity
of the corresponding tasks on system control [14, 16, 24].

An immediate consequence of the above is the need in
effective modeling of the dynamics for optimization
procedures and the relevance of improving the methods
for constructing these models.

It should be noted that there are certain scientific
results concerning the speed of convergence for search
procedures of the optimal, however, the subject area of
methods for modeling optimization procedures that are
considered as independent dynamic objects remains
extremely inadequate [14, 16, 24].

It is important to note that the classification that was
mentioned above in Table 2 is oriented to various
structures that arise in the implementation of information
systems, but in any case, there are unidirectional
information flows, and for them the approach to structural
modeling of information systems is valid.

It should also be noted that the focus on higher
efficiency  (productivity, effectiveness, reactivity,
accuracy, etc.) of information processing processes
required improved concepts for determining the amount
of information, as well as performing analytical and
synthetic operations for research and development of
information systems in the information space [13-16, 19—
22,24-26].

Let’s give a quantitative estimate for the information
transmitted from the transmitter to the receiver.
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The instantaneous value of the information flow
amplitude, which coincides with the definition of information
[14-16, 24-26], is represented by the formula (1):

1(r) = ~log, P(7). )

The expected value of the information flow is
represented by the formula (2):

M{I}=-M{ log, P }. ©)

The aim of the research presented below is to solve
the problems of conceptualization and formalization,
aimed at creating methods for modeling the trainer’s
subsystem within the information technology of
instruction, as well as modeling information flows and
information procedures in the model of the trainee’s
subsystem.

3. MATERIALS AND METHODS
The information flow in learning is a random function
of time. The mathematical expectation of the specified
process in the section =k is determined by the average
(on implementation) value of the information by the
formula (3):

M{I},_, ==Y P(t)log, P.(t) = H,_; (I).
i=1
t=k

3)

The entropy of the cross-section of the random
process describing the information flow is not random,
and determines the expected information for the
transmitted information stream. In relation to learning, we
have a planned flow of information created by the
instructor.

The random component of the information process is
determined by the normalized flow by the formula (4):

1) = 160y~ M 1 ()) = 1)~ H 1 0. “)

Thus, the centered information flow, as a random
process, allows you to determine the deviation of
information flows, as the trainee’s information flow,
centered on the entropy of the trainer’s flow.

In this case, it is possible to assess the deviation of the
learning process from a given trajectory.

Considering the educational system as an information
complex, including the trainer’s subsystem and the
trainee’s subsystem, we note that the main properties of
this complex are:

— the presence of memory, in which the transmitted
information and algorithms for its transmission are stored;

— the availability of an algorithm for comparing the
flow of information transmitted to the trainee’s subsystem
and information reproduced by the trainer;



e-ISSN 1607-3274 PagioenexrpoHika, inpopmaTuka, ynpasminas. 2019. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 2

— the availability of algorithms for managing the
selection of information depending on the deviation of the
training stream from the reproduced stream;

— the presence of an objective function or functional
and algorithms for optimizing the control of the learning
information flow.

In this case, the structural model takes the following
form (Fig. 1).

For each block there is information technology. The
memory block is supported by the information technology
of the automated office, where storage, transformation
and transmission of information is envisaged. The
memory sampling control unit is based on information
technology of expert assessments and decision support.

In its turn, the objective function adopted in the task
ensures the application of information control technology.

An essential point is the presence in the structure of
the trainer's subsystem the optimization procedure, which
ensures the achievement of the necessary level for the
criterion of the instruction quality.

The presence of an optimization procedure in the
system causes the formation of dynamic properties for the
entire subsystem.

Thus, evaluating the optimization procedure as a
gradient one, we obtain a model for the dynamics of the
trainer’s subsystem as a generalized object with an inertial
link of the first order (Fig. 2).

The trainer, having found a deviation in the pupil’s
presentation about the material presented, with some
“dynamic” delay corrects the material presented, reducing
the error of the trainee.

Therefore, by dividing the training course into topics
and selecting a certain number (let’s denote it by m) of
variants for presentation or sequences of information
blocks within each of the topics, we can represent the
learning process as trajectory motion from initial state to
completion of the trajectory, aiming to minimize learning
error, estimated scale C.

Comparison of information

Control

of selection Trainee

Optimal
control

Target
function

Figure 1 — The structural model for the trainer’s subsystem

Comparison of information

H |
u
Memory and
control

of selection

Optimization
W=1/(pT+1)

1

Control

Trainee

Figure 2 — Model of the trainer’s subsystem
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In this case, for N topics, where each i-th stage
contains x; segments and each segment of the trajectory
gives an estimate of Cj;, we obtain the problem of
determining the optimal control as a sequence of partial
trajectories, by the formula (5):

U*Z{k*l,k*z,...,k*N}. (5)

We have the task of dynamic programming,
represented by the formula (6):

n
U* - supZCl-k* ) (6)

1

In this way, the learning path is selected (Fig. 3).
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Figure 3 — Choosing the optimal trajectory of learning

The solution of this problem is determined by the
Bellman principle, within the framework of the dynamic
programming method ([13-16, 24] — the optimum is
achieved by a search of variants with backward and
forward movement).

Important is the process of changing the state of the
teacher in time. The environment changes — the
knowledge amount of the learner changes, the traveled
trajectory of learning is accumulated. Consequently, the
trainer's subsystem is not stationary.

Compensation for degrading trends is achieved
through additional training, attestation and retraining.

Consider information procedures in the model of the
trainee’s subsystem.

The evaluation of learning is approved for the results:
the repetition of the information received from the
instructor; the construction of a model adequate to the
description given by the instructor. The following
information flows are distinguished in the trainee’s
subsystem (Figure 4):

— I — information flow of the trainer;

— I, — a flow of information describing the model
constructed by the trainee, based on information stored in
the trainee’s memory;

— Al — the information flow estimating the deviation of
the instructor’s information and the student’s
presentation;

— u — the information flow created when the trainee’s
error is minimized.

123



e-ISSN 1607-3274 PagioenexrpoHika, inpopmaTuka, ynpasminas. 2019. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 2

The model shown in Fig. 4, relies on the information
technology for decision making by the trainer and data
processing when correcting the content of memory, as
well as the technology for information systems control
while minimizing the presentation error:

| ly

Memory

il
Optimization

Al

procedure

Trainer

Figure 4 — Information flows in the trainee’s subsystem

This view is based on the process for identifying the
model of the surrounding world through training, as a
correction for the contents of memory.

The gradualness of information perception observed
during training is related to the dynamic properties of the
algorithm for minimizing learning errors, which are
individual and must be taken into account when forming
the information flow of the instructor.

Despite the convenience of describing the model using
the notion of information flows, it is not possible to
completely ignore the signal space. Describing the
memory as a set of elements {m,}, the set of connections
{s;}, and the set of weights {6;}, we can represent the
memory model as a triplet of sets M, S, ®.

The specified triple forms the memory operator 4, as
its subset, which ensures the transformation of the input
information stream /, into the output information stream
I,. In this case, the memory operator depends on the
parameter vector a, with the components m, s, 0, and we
can write, by the formula (7):

A(@)*1, =1y. (7)

In this case, it is necessary to take into account that the
incoming information flow /, does not interact with the
entire set M, but only with its subset having dimension
dimX.

The necessary condition for the absence of
information loss during the conversion by memory is the
condition of preserving the dimension dimX=dim?Y.

Considering that the information flow is inextricably
linked with the flow of events X(f), at the same time, that
the external information flow and the information flow in
memory do not need to have the same signal space, select
the signal conversion operator f.

In this case, the transformation operator does not
influence the information flow, that is, /) = I, but it
converts the signals carrying the information.

In this case, the information inside the memory is
described as follows, by the formula (8):

fHh=1 - A@=*f,)=1, ®)
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The adopted learning paradigm requires the learner to
reproduce the information received from the instructor.
Therefore, it is also need to execute the reverse
transformation, by the formula (9):

A @) =1 ©)

However, the mapping (9) does not necessarily exist,
since the operator 4 defines a one-to-one mapping only if
the information 7, (or a part of it) is already mapped in the
memory.

The condition for completing the training we obtain in
a simple form, by the formula (10):

A @)y T 4@ fUO)) =1, (10)

Assuming the linearity of the operators A7) and f'(/),
we can write by the formula (11):

-1 -1
S M@ fIy) = A@)* [ f(U,). an
Therefore, taking into account (11), we obtain the
condition for completing the training in the form of the
formula (12):

et (12)

A Y a)* A(a) =1
dim X =dimY

Condition (12) says that information is assimilated if
convolution of associative and direct memory results in an
identity operator.

Condition (12) is only a formalization of the accepted
learning paradigm, but it allows to obtain a structural
model of information flows in memory, while learning
(Fig. 5).

The nondegeneracy condition of the transformation,
taking into account the conservation of dimension,
generates a learning procedure based on the sequential
determination of the vectors a, which ensure the selection
of a nondegenerate transformation with a sequential
increase in dimension, up to a dimension that ensures the
identity of the input information stream and the
information flow generated by the model.

Thus, the training procedure consists of a sequence of
steps to minimize the information reproduction error
Al(a), with a consecutive increase in the dimension of the
memory operator, condition (12).

Figure 5 — Information flows in memory during training
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Restricting ourselves to the gradient optimization
procedure [13-16, 24], we obtain to estimate the gradient
of the information flow deflections by the formula (13):

Al(aj; +Aa)—Al(a;)

radAl, =~
g a; Aa

(13)

Using gradient estimation (13), we will write the
learning procedure as a gradient procedure by the formula
(14):

gradAl,,

ai+1=ai+m.

(14)

Since for a gradient procedure the starting point of
motion is essential, we define the initial non-degenerate
operator Ay, formed by a subset included in the set that
generates the required operator. This is the mapping of the
principle from simple to complex.

As a consequence, we come to the methods of penalty
and barrier functions, with the inherent dangers in the
appearance of gully.

In fact, the method of barrier functions, in this case, is
used to solve a problem with restrictions of the
inequalities type for the dimension of the memory

operator.
So, assuming the existence of an objective function
f(X) and the limitations ¢i(X) < 0, i =1, 2, ..., n, an

optimization problem is posed, represented by the formula

(15):

X" — min f(x),

: | (15)
x €Q|gi(x)<0,i=1.2,..,m.
Within the framework of the method, a change in the
goal function is provided such that when approaching the
boundary, there is a “repulsion” from the barrier formed
by constraints (Fig. 6).
To organize a "barrier", the restriction @; < 0; i = 1,
2,..., mis usually used, taking into account that the actual
boundary is given by equations ¢;=0; i=1,2,..., m.

Kamase

rg> |r; 2 ry >

£ X 40 @ (x)

Figure 6 — Method of barrier functions
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Thus, we form a new goal function by the formula
(16):
noo
D)= f(X)+—5—.

16
i=1 0" (X) (16)

and, using the gradient procedure, we solve the problem
in finding the minimum of a new objective function ®(X),
we find the point of its minimum X, , which, in general,
does not coincide with the optimum point X* because of
the barrier function influence.

To eliminate the error in the Xx* definition, we
eliminate the influence of the barrier function by
organizing a stepping procedure with decreasing barrier
function weight, by the formula (17):

n>rn>.>n =0,

a7

LIRS
O X)=FX)+r; ) ——, j=1...k"*
: ’Ecpf(x)

The number of steps for the procedure k and the
sequence I; are chosen in advance from the conditions of
the problem.

Thus, a sequence of connecting the elements to the
model formed in the memory is formed.

In a situation where there is no single-valued memory
operator, its search can be provided using the method of
penalty functions.

When solving a problem with constraints of equations
type, represented by the formula (18):

X — min f(x),

. (18)
X €Q|ei(x)=0,i=12,..,m,

a similar method is used.

The difference is in the formation of the penalty
function, which is assigned in such a way as to ensure the
approach to the border, by the formula (19):

n<n<..<r>0,

19

Di(x)=f(x)+ rjq)iz(x),j =1..k-

The disadvantage of this method is its “ravine type”,
which requires the use of the steepest descent method at
each of the steps.

Thus, it is possible to construct a structural model of
the trainee’s subsystem as an information system for
optimal control of information accumulation (Fig. 7).

procedure

Figure 7 — Model of the trainee’s subsystem
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We got a conception for the process of information
accumulation by an information and control system with a
goal functional, defined as the minimum deviation in the
information flow of the trainer from the information
stream being reproduced by the trainee. This model
allows us to evaluate the dynamics of the process.

Based on the evaluation for the dynamics of the
gradient procedure, which determines the behavior of the
entire subsystem, one can construct a simple model
similar to the gradient procedure model.

Assuming that the information flow of the trainer
increases its intensity step by step, according to the degree
in assimilation of the material, we get a simple model
(Fig. 8,9).

For clarity, we use the tools of the SIMULINK
system, which allow us to obtain convenient models of
system dynamics.

In Fig. 8 the information flow from the trainer | is
modeled by a series of pulse parcels storing the input
information Ic.

The accumulation of information by trainee Iu is
determined taking into account the dynamics of the
optimization procedure.

The transient processes in Fig. 9 illustrate the
possibility of coordinating the information flow of the
learner with the trainee’s capabilities.

At optimum coordination, the moment of end for
fragment preservation is combined with the beginning for
the following fragment of a training trajectory.

1 1
|||| P ; P
0.5s+1

| le Wy

]

Scope

Figure 8 — Modeling the dynamics of information accumulation
(scheme of the model executed in the SIMULINK system)

10n

Figure 9 — Modeling the dynamics of the information
accumulation (in SIMULINK system)
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4 EXPERIMENTS

The implementation of the experiment was based on a
set of programs (both standard and expanding the range of
their functional capabilities of author’s developments),
which allowed to realize the generalized models of trainer
and trainees as key subsystems of information learning
systems, as well as to make their expert evaluation.

The trainer and trainees models were tested in such a
way that the initial data for testing models were combined
into 150 tuples of data.

Based on the experimental results, the validity
estimates of the trainer and trainees models were
obtained, from which it follows that the obtained and the
reference values of these estimates coincide.

5 RESULTS

The following results were obtained.

1. The analysis on the development in the theory and
practice of learning is carried out, the special relevance
and practical value of the information approach to the
modeling of learning systems is highlighted.

2. As the key objects of the study, the models for the
information subsystems of trainer and trainees are
considered.

3. The modeling for the trainer subsystem in the
framework of the training information technology is
performed.

4. The generalized methods for modeling the trainer
and trainees subsystems are obtained.

The models of trainer and trainees were implemented
programmatically, studied in real learning processes, and
the results of these studies (in the form of generalization
of demonstrative samples of experimental data, with a
sample length of 150) are summarized in Table 3 and
Table 4.

Table 3 shows four types of trainers, in accordance with
their relative graduation in terms of professional
qualifications: Type I — Doctors of Sciences, Professors;
type II — Candidates of Sciences (Ph.D.), Associate
Professors; type III — Seniors Lecturers; type IV —
Assistants and Trainee Teachers.

The resulting data in Table 3 shows the following
positive increments of the indicators: increment 1 —
according to the speed of training; increment 2 — by
coverage of training information; increment 3 — according
to the quality of knowledge achieved by the trainees;
increment 4 — integral increment (generalized for all
indicators).

The demonstrative characteristics (Table 3) of the
learning processes effectiveness are improved due to the
introduction of the generated methods for modeling the
information subsystem of the educator, including for
those with a lower category of professional qualification.
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Table 3 — The model of the trainer information subsystem

Positive dynamics
o o o 2P in the effectiveness
N - £ of training activities
R= S S ° .
s = % 2% based on the practical
25 21| g gz g implementation results
- B
%‘ gg % g2 § < of the developed
Type S £ g £ § 1 %é modeling methods:
oftrainers | § £ & | 8 £ & 2
Q — = O
5-2 BESE |z 2|23
gE|5"E=» | E| B | BB
s ozlz o2 | 2| £ |2 ¢
5 = |F «& 5 5 5 5}
~ 2 °& = £ | & | £
Type I 10 90 6 10 8 8
Type II 30 80 4 6 5 5
Type 11T 30 70 3 5 4 4
Type IV 30 60 3 3 3 3
Average 25 75 4 6 5 5
value

Table 4 shows six types of trainees that correlate in
academic performance with the European grading scale
for the EKTS grades as follows: type 1 — A; type 2 — B;
type 3 — C; type 4 — D; type 5 —E; type 6 — F, FX. The
results shown in Table 4 are the following increments: 1 —
to reduce the duration for the implementation of
information activities by the trainees in the learning
process; 2 — to increase the amount of information
consumed by trainees; 3 — in increasing quality
assimilation of information by trainees; 4 — on the
integrated indicator for the effectiveness of learning
activities within the information subsystem of the trainee.

The results of the trainees activity improved for all
types of research, and, especially, for the most
problematic type, six where previously positive estimates
were mainly obtained exclusively after a number of
retakes.

The  conducted experiment confirmed  the
effectiveness of the generalized methods for modeling
information subsystems of trainer and trainees, taking into
account, as an actual factor, the dynamics of information
procedures in the training system.

Table 4 — The model of the trainee information subsystem

9 Positive dynamics

= — & of learning outcomes

=2 < i

P 2 E when using

[ a .8 .

Type g =8 the proposed modeling methods
of g éﬂ S

trainees 2 % 2 _ ~ " <

-

- 5| 8| B | E

n 3} 15} 5] o

= g g g

Type 1 10 92 2 3 1 2
Type 2 20 86 3 5 4 4
Type 3 20 78 7 6 5 6
Type 4 20 69 9 9 6 8
Type 5 20 62 12 11 10 11
Type 6 10 40 15 14 22 17
Averag 16,6 83.5 8 8 8 8
e value
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6 DISCUSSION

The modeling methods expand and supplement the
tools of modeling. As a result, it is important to note the
following:

— the currently existing theoretical and practical
research and development on a number of authors’
collectives and individual authors mainly reflect
separately  taken, isolated subproblems in the
methodology of modeling for dynamic information
systems (objects, processes, procedures, technologies,
etc.) related to teaching by trainers and assimilation by
trainees, which does not allow, on the whole, to obtain a
sufficiently satisfactory state of the general model;

— the methods in modeling for the information
subsystems of the trainer and trainees developed by the
authors of this publication expand the capabilities of
previously developed by other authors methodological
developments, allowing to significantly increase the
effectiveness of information learning processes
(according to Tables 3 and Table 4, the integral indicators
of effectiveness increase by 5% and 8% respectively).

CONCLUSIONS

In paper, the results of research on the methods
formation in modeling of information subsystems for the
trainer and trainees, complementing and developing
existing approaches were presented.

The carried out experiment substantiated the practical
effectiveness of the proposed modeling methods and the
expediency of using them to enhance the effectiveness of
information subsystems of the trainer and trainees.

The scientific novelty of the achieved results consists
in the fact that for the first time methods have been
proposed for modeling the trainer subsystem within the
learning information technology, as well as information
flows and information procedures in the trainee’s
subsystem, which are based on the complex application of
the information theory methodological apparatus and the
conceptual basis of studying the activity processes for the
trainer and trainees as integral, purposeful, dynamically
proceeding information processes, which are a full-scale
complex of interrelated information procedures to provide
the required state for information base of trainees
competencies.

The proposed methods make it possible to ensure,
with an allowable accuracy, the optimal modeling for
information subsystems of the trainer and trainees taking
into account the dynamics factor, which makes it
possible: to reduce the time intervals for the flow of
information learning processes; to increase the volumes of
information presented, consumed and qualitatively
assimilated at the theoretical and practical level.
Accordingly, a higher level of knowledge, abilities and
skills of the trainees is achieved, with reception them the
best points.

Within the created methods, key concepts and
mathematical modeling apparatus of information
subsystems for trainer and trainees are proposed.
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The practical significance of the work results is to
ensure that they increase the effectiveness of information
subsystems for the trainer and trainees.

Prospects for further development of the work
involve the consideration in a more wide range of the
characterization aspects for the information subsystems of
the trainer and trainee, as well as the results of their
activities.
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VJIK 510.6

MOJIEJTIOBAHHS TOT' O, SIKA HABYAE, TA TUX, AKX HABYAIOTh, HA 3ACAJIAX KOMIUIEKCHOT' O
THO®OPMAIIMHOI'O MIIXOIY 10 BIOCKOHAJIIOBAHHA IHOOPMAIIMHAX TEXHOJIOITI I CHCTEM
HABYAHHSI

XoaakoB B. €. — 1-p TexH. Hayk, mpodecop, 3aBimyBauy kKadeapu iHpopMamiiHUX TEXHOIOTiIH XEPCOHCHKOTO HAIIOHAJIBHOTO
TEXHIYHOTO YHIBEPCHUTETY, XepcoH, YKpaiHa.

CoxoJioB A. €. — xaHJ. TeXH. HayK, JOIEHT, IONEHT Kadenpu iHGOpMAIIHHUX TEXHOJOTiH XepCcOHCHKOro HaliOHAILHOTO
TEXHIYHOTO YHIBEPCUTETY, XepCoH, YKpaiHa.

BecenoBcbka I'. B. — kaHJ. TeXH. HayK, JOLEHT, JAOICHT Kadeapu iHGopMamiiHUX TEXHOJOTiHT XEpCOHCHKOr0 HAIlIOHAIEHOTO
TEXHIYHOro yHiBepcuTeTy, XepcoH, YkpaiHa.

AHOTAULIA

AKTyaabHicTb. Po3risiHyTO 33134y OOIDYHTYBaHHS METOIIB MOOYZOBH MOJENCi TOro, sSKUi HaBuYae, Ta THX, KMX HABYAIOTh,
10 BPaxOBYIOTh OCOOJIMBOCTI iXHBOI iHPOpMaMiiHOi AismbHOCTI. O0’€KTOM HOCTiIKEHHS OyJIM MOJAENI TOTO, KM HaByae, Ta TUX,
SIKMX HaBYAIOTh, SIK YYACHUKIB iH(opMaIiiiHoi B3aemonii. Mera poGoTn — po3B’si3yBaHHS 3a/1ad KOHIENITyawi3amii Ta Gopmamizamii,
OpIEHTOBAaHMX HA MOJEIIOBAHHS MiACHCTEMH TOTO, SIKMH HaByae, B paMKax iHpopMamniifHoi TexHoJyorii HaBUaHHS, a TaKoX Ha
MOJIEITIOBaHHS 1H(pOPMaLiifHUX MOTOKIB Ta iHOpPMaNiHHNX NPOLEAYP B MOAEIII MiACUCTEMH TOTO, SIKOTO HABYAIOTb.

Meton. KirouoBUME CKJIaJOBUMH CHUCTEM 1 TPOIECIB HABUYAHHS € TOH, SKUH HaBYae, Ta Ti, SKUX HABYAIOTh. BUIICHI iCTOTHI
ocobnrBoCTi iH(pOpMaLiitHOl B3aeMO/ii TOro, sSIKMi HaBYa€, Ta THX, SIKMX HABYAIOTh. B OCHOBY MOKIIajeHe HOHATTS iH(OpMaIiiiHOrO
MOTOKY, BUAICHI crenudivHi BIaCTHBOCTI iHPOPMALIMHUX MMOTOKIB, XapaKTePHi Ul MPOLECIB HABYAHHS Ta BaXJIUBI ISl IXHBOTO
yCHiorHOro mepediry. 3ampomoHOBaHO METOMM MOJACTIOBAHHS KIIOYOBHMX KOMIIOHEHTIB CHCTEMH HaBUaHHA AK iH(opmamiiHOi
CHCTEMH, TaKUX fK: MiJICHCTEMAa TOTO, SIKUH HaBYa€, PO3TIISIHYTA 3 TOYKH 30pY 3aCTOCYBaHHS iHPOPMAIIHHUX TEXHOIOTiH HABYaHHS;
IiICKCTEMA TOT0, SIKOTO HaBYAIOTh, III0 HANAETHCS 111l KyTOM 30py 3aisiHHS iHPOPMALifHIX ITOTOKIB Ta iHpOpMaLiitHUX IIpoLenyp.

PesynabTaT. 3anponoHoBaHi MOJeIN peaji30BaHI IPOrpaMHO Ta BHBYCHI IPAKTHYHO B IIPONECAX HABYAHHS B MiJCYMKY
BiZINTpaIfOBaHHs 3aBJjaHb MOJICIIOBAHHS TOTO, SIKMI HAaBYA€, Ta THX, SIKUX HABYAIOTh, SIK yYaCHHUKIB iHGOpMaLiiHOT B3aeMOil.

BucnoBkn. I[IpoBeneHnii eKCIIEpUMEHT MIATBEPIMB MI€BICTh 1 BaJTIAHICTh KOHIEMI i (OpMaNi3MiB, MOUUIBHICTh IXHBOTO
BIPOBA/DKEHHST B iH(GOpMaUiiiHi CHCTEMH, MPOIECH Ta TEXHOJOrii HAaBYaHHS 3 METOI IiJBUIIEHHS €(QEeKTHBHOCTI MPOIECIB
OTPUMaHHS Ta IPAKTUYHOTO BTUICHHs Mojesel iHhopManiiiHol qisTIbHOCTI TOTO, KU HABYAE, T THX, IKUX HaBYaIOTh. [loanpiunit
PO3BHTOK OCTIKEHb Mepeadadae po3riis MHUPIIOro Koja acleKTiB iHPOpMaIiiHOi JisIbHOCTI TOTO, SKUH HaBYa€, Ta THX, SKUX
HABYAIOTh, @ TAKOXK BIIMNOBIIHAX EKCIIEPIMEHTAIBHUX ampoOariil.

KJIIIOYOBI CJIOBA: wMmopenmoBaHHS, TOH, sSKWH HaB4ae€, TOH, SKOr0 HAaBYalOTh, iH(poOpMaIis, iHGOpPMALiiiHI CHCTEMH,
ingopmariiiai nmponecy, iHpopMariiHi TEXHOIOTI].

VK 510.6

MOJEJIMPOBAHUE OBYYAIOIIEI'O U OBYYAEMbBIX HA OCHOBE KOMIIVIEKCHOI'O
HH®OPMAILIMOHHOI'O MOJAXOJA K COBEPIIEHCTBOBAHUIO WH®OPMAIIMOHHBIX TEXHOJIOT A
U CUCTEM OBYYEHUSA

XonakoB B. E. — n-p Ttexn. Hayk, mpodeccop, 3aBemyromuii kadenpoil HHPOPMALMOHHBIX TEXHOJOTHH XepCOHCKOTo
HAIMOHAJIBHOIO0 TEXHUYECKOTO YHUBEPCUTETA, XEPCOH, YKpauHa.

CoxoJioB A. E. — kaHx. TexH. HayK, JOLEHT, JOLEHT Kadeapbl HHGOPMAIIMOHHBIX TEXHOJOTHH XEePCOHCKOro HAI[HOHAIBLHOTO
TEXHUUYECKOT0 YHUBEPCUTETA, XEPCOH, YKpanHa.

Becenopckas I'. B. — kaHa. TexH. HayK, JOLEHT, IOLEHT Kadenpel HH(POPMALMOHHBIX TEXHONOTUH XEpCOHCKOTO
HallMOHATBHOTO TEXHUYECKOTO YHHUBEPCUTETA, XEPCOH, YKpauHa.
AHHOTALUA

AxTyanbHOCcThb. PaccMoTpeHa 3aada 000CHOBaHHSI METOJIOB IIOCTPOSHHUS MOieNiel 00yJaromero 1 00y4JaeMbIX, YIUTHIBAIOIIHX
0co0eHHOCTH UX MH(OpPMAIMOHHOH AesTensHOCTH. OOBEKTOM HCCIIEOBAHUS SBISUINCH MOJETH OOYydaroiero M o0y4aeMbIX Kak
YYacTHHKOB HMH(MOPMAIMOHHOTO B3amMmoneicTBus. Llens pa®oTsl — pemreHne 3amgad KOHIENTyalnn3anuu W (OpMalIM3alliH,
OPHMEHTHUPOBAHHBIX HA MOJEIMPOBAHKE MOACUCTEMBI 00YYaIOIIEro B paMKax MH(POPMALMOHHON TEXHOJIOIUH OOYyUYeHUs, a TakkKe Ha
MOJIeIMPOBaHNE HH(POPMAIIOHHBIX IIOTOKOB U MH()OPMAIIMOHHBIX MPOLEAYP B MOJIEIH MOACUCTEMBI 00y4aeMoro.

Metoa. Kito4eBBIMH COCTaBISIIOLIMMHU CHCTEM U NPOLECCOB 00ydeHHs SBIAIOTCS oOydaromuii u oOyuyaemble. BvlaeneHs
CYIIECTBEHHBIE 0COOEHHOCTH HH(OPMAIMOHHOTO B3aMMOMAEHCTBHS 0Oydaromero u oOyuaeMbIX. B OCHOBY MONOXEHO MOHATHE
HH()OPMAIIMOHHOTO IIOTOKA, BBIJEIEHBI CIENU(pHIECKHEe CBOWCTBA HMH(OPMAIMOHHBIX ITOTOKOB, XapaKTEpPHBIC IUISI IPOIECCOB
00yd4eHHsI ¥ BaXKHBIC JJIA UX YCIHENIHOTO HMpOTeKaHWs. [IpeayokeHbl MeTOIbI MOASIHUPOBAHUS KIIIOUEBBIX KOMIOHEHTOB CHCTEMEI
o0ydeHns1 Kak HHPOPMAIMOHHON CHUCTEMBI, TaKUX Kak: MOACHCTeMa 00ydYalomero, paccMaTpuBaeMasl ¢ TOUKH 3pEHHS IIPUMEHEHUS
MH()OPMAIIMOHHBIX TEXHOJOTUIl OOydYeHHWs; IOJACHCTEMa O0ydJaeMoro, INpeACTaBIseMas IO YIJIOM 3peHHs 3aneiicTBOBaHUS
HH(OPMAIMOHHBIX TOTOKOB U HH()OPMALIMOHHBIX MTPOLEAYP.

PesyabTatsl. [IpeoxkeHHbIe MOAENN PEATN30BaHbl IPOrPaMMHO M HM3Y4YEHBI MPAKTHYECKH B Ipoleccax oOy4eHHs] B HTOre
0oTpabOTKHU 3alaHU MOJENHPOBAHKSA 00yYaIOIIero U 00y4aeMbpIX KaK Y4aCTHUKOB HH(OPMAIIIOHHOTO B3aUMOJEHCTBUS.

BbiBoabl. [IpoBeneHHBIM SKCIEPUMEHT MOATBEPAMI JICCTBEHHOCTh W BaNMIHOCTh KOHLEMUMH U (POpPMaIU3MOB,
1[e71eco00pa3sHOCTh MX BHEIPEHHS B HMH(OPMALMOHHBIE CHCTEMBI, MHPOIECCHl M TEXHOJIOTHH OOydYeHHs C IEelbl0 pocTa
3¢ eKTHBHOCTH MPOLECCOB MOMYyYEHH M MPAKTUYECKOTO BOILIOMIEHNS MoJenIel HH(POPMAIIMOHHOH NeATeIbHOCTH 00yJalomero u
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