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Abstract— The article offers a structural model of a hybrid
learning system. The system’s versatility lies in its independence
from the specific subject content, which allows a teacher to
upload the required course, and a student to choose an individual
learning path. A hybrid system is a system that combines two or
more various computer technologies. An algorithm for predicting
difficulties of the students learning on the basis of fuzzy logic
methods for predicting fuzzy time series is considered.
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l. INTRODUCTION

Nowadays, various information and communication
technology-based learning systems have gained acceptance.
They differ in many parameters: by the degree of the control
function distribution between the user and the system (in
some of them, the user can independently choose his or her
path within the system, while in others this function is
partially or fully delegated to the computer); by the degree
of combination of the theoretical and practical components;
by presence or absence of a control function. The creators of
various systems have been choosing a combination of
parameters that correspond to the system's purpose.
However, all information technology learning systems in
use have a potential to accumulate statistical information
about the students' path throughout the complex, about their
errors in the working process, about their success when
passing the control tasks, etc.

1. PROBLEM STATEMENT

The work aimed at designing a hybrid learning and
controlling system that enables the user to employ the
accumulated data for optimization of the target and content-
related component. With this aim in mind, we set the
following tasks: creating a mathematical model of a learning
system; selecting the means for realization and optimization
of the obtained model. With the purpose of developing an
automated learning system we chose a hybrid system since it
combines the advantages of various technologies that allow
solving each problem optimally. A hybrid system is one that
combines two or more various computer technologies [1].

1. PROBLEM SOLVING METHODS

A model of a hybrid learning system is shown in figure 1
Each component is presented in several sections of the
learning system. The target component manifests itself in
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the construction of the course goal tree. Prediction using
fuzzy logic allows identifying the content sections that
present the greatest challenges for the students, which in
turn will allow correcting the content of goals. The control
component is implemented using Kohonen network that
allows classifying the students by three parameters: those
who failed the diagnostics, those who demonstrated
knowledge at the level of the educational standards, and
those who demonstrated knowledge level higher than the
educational standards. The statistical component allows
saving the information about the students' activity within the
system and using this information for optimization.

For more efficient goal-setting, diagnostics and
correction, we used the fuzzy logic methods to determine
the course sections that present the greatest challenges for
the students.

Prediction of the students' difficulties using the fuzzy logic
methods

The test result data for the 1% year students of the Faculty
of Psychology and Pedagogics of  Voronezh State
Pedagogical University obtained in 2011-2018 do not allow
determining which content sections present the greatest
difficulties for the students. It is possible to solve this
problem using fuzzy logic methods that allow making
predictions based on relatively small data quantities.
Prediction consists in estimation of the future states of an
object or a system using science-based methods. Using the
fuzzy logic methods will allow predicting the number of
correct answers at the tests of each course subject. The
prediction accuracy is sufficient to single out the subjects
with the least number of correct answers that present the
greatest difficulties for students.

The following prediction method is used in accordance
with the stated problem.

1. Calculation of the variations of the correct answer
percentage for each subject as the difference between
the correct answer percentage in the current and
previous years; determining the universal set U.

U= [Vmin — D, Vinax + D]:

where V,,,;, — the least variation of the students' correct

answers, V},, 4 — the greatest variation, D — the parameter
selected so that to reduce the interval boundaries.
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Figure 1 — Structural model of a hybrid learning system & Results

Table 1 — Variations of the students' correct answer percentage for subject ""Correspondences between two sets"

Years Percentage of | Variation Fuzzification of variations

correct

answers
2011 10.53
2012 30.00 19.47 A?={0.07/u1,0.09/u3,0.12/u2,0.17/u4,0.26/us,0.41/us,0.67/u7, 0.96/ug}
2013 38.10 8.1 A={0.13/u; 0.19u,0.29/u2,0.47/u4,0.76/us,1 /ug,0.84/u7, 0.53/ug}
2014 43.18 5.08 AY¥={0.16/u1, 0.24u2,0.39/u2,0.64/u4,0.94/us, 0.94/ug,0.64/u7, 0.39/ug}
2015 30.35 -12.83 A¥={0.82/u1, 1/uz,0.78/u,,0.48/u4,0.3/us, 0.19/us,0.13/u7,0.1/ug}
2016 46.22 8.13 A={0.13/u, 0.19/u2,0.29/u2,0.47/u4,0.76/us, 1/us,0.84/u7, 0.53/ug}
2017 44.67 -1.55 AY={0.28/u3, 0.45/u2,0.74/u2,0.99/u4,0.86/us, 0.55/ug,0.34/u7, 0.22/us}
2018 38.17 -6.5 A¥®={0.45/u;, 0.74/u2,0.99/u,,0.86/u4,0.55/us, 0.34/us,0.22/u7, 0.15/us}
[ Vrilin = —12.83, Vinax =19.47, U = values: Al"sharp decrease in the number of correct

—20,20

2.Dividing the universal set U into several intervals of the
same length. In this case, the set was divided into 8
equal intervals u;, = [-20,—15], u, =[-15,—10],
uz = [-10,-5], uy = [-5,0],us = [0,5], ug = [5,10]
, u; = [10,15], ug = [15,20]. Since the average error
of prediction of the fuzzy time series method is the
smallest, the average points for these intervals are
found:

Uhia = —17,5, ul;q = =125, U0 = =75, Upnig =

=25, ud.y =25 ub;; =75, ul, =125 u,;; = 17,5.

Linguistic variable "variation of the number of the students'

correct answers" is introduced, which takes linguistic
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answers”, A, — "significant decrease in the number of
correct answers”, A3 "visible decrease in the number of
correct answers”, A, “insignificant decrease in the number
of correct answers”, Ag “insignificant increase in the
number of correct answers”, Ag "visible increase in the

number of correct answers", A- “significant increase in the
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number of correct answers”, Ag "sharp increase in the
number of correct answers". A fuzzy variable and a fuzzy
set correspond to each linguistic value. Fuzzy sets A4;,i =
1..m; are determined by formula [7]

1

Au'Aj(ui) = j ] 2
1+ C(Wig = Uinia)

where ufnid, ul ., — midpoints of the respective intervals;
coefficient C is selected so that to ensure occurrence of
numbers ”Ai(ui) within interval [0,1]. In this work, C=0.01.

3. Fuzzification of the calculated variations implies
converting the obtained exact values into fuzzy ones.
The membership function reflects qualitative view of

the answers in the given group [7]:
(W) = 1 =1
Ha,\Ui) = 1+C(Ve-u;P)? PE A

where t — numbers of the years used in the prediction
denoted by the last two numbers for convenience, V, —
variation of the year t, C=const.

4. Fuzzifications of variations A2, A3, A%, A, A6,
A7, A8 are shown in table 1.

5. Number of years w included into the experimental
estimation is selected, and a fuzzy relations matrix is
constructed. In this work, w=5. Fuzzy relations
A13 _>A12| A14—)A13, A14_)A12, A15—>A14,
A15 _>A13, A15—>A12,A16—>A15, A16—)
Al A6 - A13 A6 - A12  are considered. The
matrix of the relation R is a fuzzy relation of the
form:

R=U2 R, where R;=AxA%s=13,..,16,q=

12, ...,15, U - join operator [7].

0.16 0.19 0.29 047 0.76 0.82 0.82 0.537
0.24 0.24 029 047 076 1 084 0.53
039 039 039 047 0.76 0.78 0.78 0.53
R = 0.64 0.64 0.64 048 0.64 0.64 0.64 0.53
082 094 0.78 0.64 0.76 094 0.84 0.53
082 1 078 064 094 1 084 0.53
082 0.84 0.78 0.64 0.84 0.84 0.84 0.53
L0.82 096 0.78 0.64 094 096 0.84 0.53

6. The prediction of the number of correct answers is calculated as follows [7]:

F(2018) = A o R,

where F(2018) — predicted variation of the number of correct answers in year 2018, o — operation of max-min
composition.

F(2018) =[0.28 0.45 0.74 099 0.86 0.55 0.34 0.22]

0.16 0.19 0.29 047 0.76 0.82 0.82 0.537
0.24 0.24 0.29 047 0.76 1 0.84 0.53
0.39 039 039 047 0.76 0.78 0.78 0.53

,|0.64 064 0.64 048 0.64 0.64 0.64 0.53|_

0.82 0.94 078 0.64 0.76 094 0.84 0.53|
0.82 1 0.78 0.64 0.94 1 0.84 0.53
0.82 084 078 0.64 084 0.84 0.84 0.53
L0.82 096 0.78 0.64 094 096 0.84 0.53-

=[0.82 086 0.78 0.64 0.76 0.86 0.84 0.53]

7.  Transition from the obtained fuzzy values to N,?ij :Nggtllzal +V(2018) = 44.67 —

quantitative ones (defuzzification) is performed according to

[6], by the formula: 0.7266 = 43.9474

ST, (ui)u{”id [TorpemHocTh MGTTIJ\Iﬁ paCC‘iI/ITBIBaHaCB o popmyse:
—~m . N actual
Zi=1 pe(uy) 6(t) = Nt
where u,(u;) — calculated membership functions for the here Nt wal aftgal ‘ ‘ for th
specified year, u™@ — midpoints of the specified intervals. WHEIE Naceuqr — actual NUMBET of CoTrect answers for the
The variation calculated by this formula V(2018)=-
0.7266. If the obtained predicted value of the variation of
the number of correct answers is added to the number of
correct answers in the previous year, we obtain the predicted
number of correct answers for the year under consideration:

= N¢
V(t) areal 100%

subject, Nzgred — predicted number of correct answers.

The average error of the method calculated in this way
was 12.83 %
The system interface looked as follows:

Published By:
Blue Eyes Intelligence Engineering

Retrieval Number: F111504865319/19©BEIESP & Sciences Publication

588

Exploring Innovation'



International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075, Volume-8, Issue-6S3, April 2019

1

1
1

Forstudents

1 1
—
1
1 1
By subjects

By students

(individual development
path of the students)

1
Optimization of course
parameters

Log-in

Content part Controlling part

Theoretical part

of learming
ing the fuzzy

L=
[course materials)

Practical part (dosing of
individual work)

Figure 2 — Interface of a hybrid learning system

The user registered (logged in) as a teacher has access to
the accumulated course statistics and can predict the
material learning difficulties based on the fuzzy logic
methods, and then optimize the course objectives.

V. CONCLUSION

The present work describes a hybrid system used for
teaching students and controlling their knowledge. The
article considers a structural model of the learning and
controlling hybrid system, which provides an opportunity to
optimize the learning process using statistical information
obtained in the course of the system's operation.

The system's peculiarity is the use of various intelligent
technologies for its development. In order to predict the
number of correct students' answers at the tests, fuzzy time
series prediction methods have been used that allow drawing
conclusions based on a small data quantity. The obtained
prediction of the number of correct answers allowed
identifying the course sections with the least number of
correct answers that present the greatest difficulties for the
students, which in turn allowed correcting the system'’s
operation based on the data obtained.
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