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Abstract

The article presents the description and approbation experience of a mathematical model of three-level semantic representation of train-
ing signals. The results of approbation indicate a significant impact of the ternary nature of training signals on the dynamics of the

changes in the verbal creativity indicator.
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1. Introduction

In the studies of scientists of different directions [9, 11, 13, 15-16,
18-20], the trend, confirming the effectiveness of the ternary rep-
resentation of information for the functioning of information sys-
tems of different nature, is identified.

Earlier, the authors experimentally tested the impact of the ternary
nature of the modal format (visual, auditory and kinesthetic) of
educational information on the process of learning and on the
development of individual creativity of students [10]. The logical
continuation of the research direction is to verify the influence of
three-level semantic information representation and the approba-
tion of a mathematical model for this test.

2. Problem Statement

The aim of this work is to present the experience of the approba-
tion of a mathematical model of three-level representation of the
semantics of communication messages in the educational process.

One of the main objectives of educational communication in the
teacher-student interaction is the task of informing the student of
the content specified by curricula.

For the purposes of experimental verification, the authors have
adapted the model proposed in [14]. Under an educational mes-
sage, the verbal reproduction of the sense of educational material
is understood.

To formalize the semantic content, let us divide the message into
multiple semantic signals. Signals, in turn, will be divided into
terms, and terms — into terminologies. Under a term, a training
micromodule containing a cluster of concepts is understood.

The list that the sender — teacher intends to convey to the recipi-
ent— student will be called the set of signals of the educational
message.

Thus, any message M is a complex of meaningful signals:

M =Us @

Further, each signal is a set of Si terms Tij, and each term, in turn,
is a block of terminologies that express the concept of the term.

S, = _L_'JT” @
j=1
T = kgltijk’ (3)

where n is the number of signals in the message M, ni is the num-
ber of terms in the i-th signal, njj is the number of terminologies in
the j-th term of the i-th signal.

Thus, the ternary representation of educational information in the
message from the teacher to the student is provided. More com-
pactly, the relations (1) — (3) can be represented as:

n n; nij
M = LJlsi UTij Utijk' (4)

j=1 k=1

The main characteristic of the efficiency of the term (training mi-
cromodule) is the acceptance function gij:

N

9ij :Sgnz,lfijk: (5)

where fijk is the frequency of the term tij in the related to it term Ti;.
It can be assumed for definiteness that in the educational process
the term of the message can be accepted by the recipient — student

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET

172

International Journal of Engineering & Technology

as a whole, which would correspond to the full absorption of the
educational material, accepted partially or not accepted at all.
As a measure of signal reception, let us use the index hi:

h :(1/ni)><jz:i1gij, ©)

where ni is the number of signals.

Obviously, in the real educational process, the value of the meas-
ure of signal reception can vary from 0 to 1.

Thus, formally the task is to establish a hypothetical relationship
between individual characteristics of the measures of training
signal reception in a ternary semantic representation and the indi-
cators of students' creativity that are the receivers of such signals.

3. The Solution of the Problem

The base for the experimental test was the Federal State Budgetary
Educational Institution of Higher Education “South Ural State
Humanitarian Pedagogical University”, training direction “Profes-
sional Training” in the field “Computer Science and Computer
Facilities”.

For experimental verification, preparatory work was carried out:
the research base was defined; the training material was rede-
signed to make it consistent with the mathematical model; the
mathematical model of the experiment was adapted and elaborated;
the diagnostic tool to conduct the study was selected.

Let us show by an example of one of the academic disciplines a
three-level representation of the educational material. The disci-
pline "Fundamentals of Information Security" contains the follow-
ing training modules: “The Key Aspects and Issues of Formation
of Information Security of a Modern Educational Organization”,
“Secure Information System”, “Standardization in the Field of
Information Security”, “Technologies and Methods of Implemen-
tation of Information Security”. For the section “Technologies and
Methods of Implementation of Information Security”, the decom-
position for training sessions will be like this: “Cryptographic
Methods of Information Security”, “Protecting Information Infra-
structure from Attacks”, “Anti-Virus Protection”, “Comprehensive
Protection of Information Infrastructure and Resources”. In turn,
each named didactic unit (correlated with the signal (1)) is repre-
sented in the form of terms. For example, “Cryptographic Meth-
ods of Information Protection” will be the union of terms: “En-
cryption”, “Steganographia”, “Encoding”, and “Compression”.
The term “Encryption”, in its turn, is presented in the form of a
term list: symmetric and asymmetric encryption, substitution and
permutation ciphers, encryption key, cipher cryptosecurity,
Kerckhoffs’s principles, combined ciphers, block ciphers, stream
ciphers, encryption national standards.

For the assessment of creativity, the method of Tunik [17] was
used, as well as the adaptation of the verbal and figurative battery
of tests by E. Torrance with two generalized indicators of verbal
and figurative creativity that had been widely used in psychologi-
cal diagnostics of creative potential, creativity, personal and men-
tal resource [1-8, 12]. The dynamics of the changes in the general-
ized indicators of creativity were expressed in percentage.

For measuring the measure of signal reception (6), it was proposed
to use regular evaluation sections of learning content expressed in
scores, with the subsequent transfer of the share units.

At the end of the school year, the initial experimental data were
obtained: the sets of average indicators of the reception signal
measure for each student, the series of changes in the indicators of
verbal creativity, and the trends of the indicators of imaginative
creativity.

The null hypothesis (Ho) was the assumption of the lack of com-
munication between the indicators of signals reception and the
indicators of creativity dynamics, while the average indicators of
the measure of signal reception (6) correlated at first with the se-

ries of changes in verbal creativity, and then with the series of
changes in imaginative creativity. The hypothesis was tested by
using Spearman's rank correlation coefficient.

Let us show by the example of one group of students (18 students)
the calculation of Spearman's coefficient, where X is considered as
the measure of signal reception, and the variable Y — the dynamics
of change in verbal creativity. The results of the ranking of each of
the geometric features (X and Y) are presented in Table 1 in as-
cending order.

Table 1: The ranking of geometric features X and Y

NI x Rank, v Rank, | The difference of ranks D, Ry D2
Ry Ry -Ry
1(0785| 11 145 10 1 1
20774 75 |13.7 3 4.5 20.25
310.782 10 13.8 4 6 36
4 10.663 3 11.2 1 2 4
5 | 0.665 4 14.4 9 -5 25
6 |0.658 2 12.3 2 0 0
7 10.632 1 15.5 11 -10 100
8 10.854| 16 17.3 15 1 1
9 /0883 18 18.8 18 0 0
10]0.821 13 18.1 17 -4 16
1110.832| 145 |16.5 12 2.5 6.25
1210774 75 142 7 0.5 0.25
13]0.721 5 13.9 5 0 0
140,753 6 14.0 6 0 0
15|0.776 9 14.3 8 1 1
16 0.882 17 17.9 16 1 1
17]10.832| 145 |17.1| 135 1 1
18]0.812 12 17.1] 135 -1.5 2.25

The formula for calculating Spearman's correlation coefficient p
was used in the form:

6x> D?-A-B

i=2

=1- ,
\/(n3 —n-12A)x (n*-n-12B)

P U]

where A was the correction for the connectives of ranks in the row
X, B was the correction for the connectives of ranks in the row Y.
To calculate corrections, the formulas were used:

1
Azﬁg(A?—Aj), @®)

where j was the number of the connective in the row X; Aj was the
number of equal ranks in conjunction with the number j.

1
B=52(8 - B, ©)

where k was the number of the connective in the row Y; Bk was the
quantity of equal ranks in connection with the number k.
Calculations by the formulas (8-9) were as follows: correction
A=1, correction B=0.5, the sum of squares of differences of
ranks > D? = 215. By the substitution of the obtained values into
the formula (7), one can find the value of Spearman's correlation
coefficient: p =1 — (6x215 — 1 — 0.5) / sgrt ((5,832 — 18 — 12x1) x
(5,832 - 18 — 12x0.5)) = 0.778.

To check the assessment of the significance of the obtained
Spearman's rank correlation coefficient p, Student's criterion was
used.

The significance of the rank correlation coefficient Ty is as follows:

y(m-2)

=0.778x4/(L—0.778) = 7.8856
1-p?

Tp=px (10)
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If Tr > ttan = 2.12, then the hypothesis Ho on the absence of corre-
lation between samples is rejected and the alternative hypothesis
on the statistical significance of the difference in the correlation
coefficient from zero and the existence of the link is accepted.

For the other two groups, the values of p amounted to 0.635 and
0.811, with the statistical significance of difference established by
validation using Student's criterion.

When comparing the measure of signal reception and the dynam-
ics of the imaginative creativity indicator, the values of
Spearman's coefficients amounted to: 0.221, 0.336, and 0.478,
while the statistical significance of the difference was not con-
firmed by Student's criterion.

4. Conclusion (Findings)

1. The problem of approbation of a mathematical model of the
impact of three-level semantic representation of an educational
message to increase the dynamics of changes in students' creativi-
ty was formulated and solved in this paper.

2. A statistically significant link between the measure of signal
reception and the dynamics of the increase in the verbal creativity
indicator was identified.

3. No statistically significant link between the measure of signal
reception and the dynamics of the change in the verbal creativity
indicator was identified.
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