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CUCTEMU I INIATPUMKHU HABYAJIBHOI'O ITPOLECY

Some aspects of building an intellectual information system to support the
learning process are considered in this article. The concept of individual student
portrait is introduced based on the graphical representation of timeliness of the tasks. It
is proposed to use artificial neural networks to classify types of success by analyzing
time series.
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Y crarTi pO3rIAmAOTBCA  AEAKI  aCleKTH TOOYIAOBH  IHTENEKTyalbHOI
iHpOopMaIiiftHOT cucTeMHu Al MIATPUMKH HaBYAIHHOTO Ipoliecy. BBOAUTHCS MOHATTS
1H/IMB1TyaTbHOTO TTOPTPETY CTYJACHTA HAa OCHOBI rpadiuHOro BioOpakeHHsI BUACHOCTI
BUKOHAHHS 3aBJaHb. [IpONMoOHyeThCS BUKOPUCTOBYBATH IUTYYHI HEUPOHHI MEPEXI s
KJacu}ikarii THIB YCHIIIHOCTI IUIIXOM aHAII3y YaCOBHX PAIiB.
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Relevance of the research topic. The development of artificial intelligence
systems provides a wide range of opportunities for improving information systems
supporting the learning process, giving them new functionalities. The main purpose of
the article is to improve the planning and conduct of the educational process in the
system of higher education through the introduction of methods and technologies of
artificial intelligence.

Formulation of the problem. Limited human capabilities and the need to
cover the vast amounts of information, knowledge and experience that accumulate
over decades lead to the emergence of computer intelligence systems that can not only
accumulate, but also analyze data and processes. This fully applies to information
systems to support educational activities. Providing the possibility of such systems to
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automatically save, in addition to traditional data, and time series, raises the problem
of analysis and classification of large volumes of such information.

Actual scientific researches and issues analysis. As a result of the analysis of
literary and advertising sources devoted to the systems of support for the automation
of the educational process, we can conclude that these systems are based on the
platforms of database management systems; and the main function that is implemented
in such systems - the storage and accumulation of curricula [1, 2].

In recent years, research on the implementation of ideas, methods and means of
artificial intelligence, in particular, the creation of intelligent systems that are
themselves able to study [3] are actively conducted.

Closely related is the study of time series classification methods [4, 5].

Uninvestigated parts of general matters defining. New features provide
information systems for storing information about student tasks. Analysis of such data
allows to reveal regularities of development of educational processes in time. There
are still unexplored questions regarding the methods and means of such analysis.

The research objective. The purpose of this article is to study the suitability of
artificial neural networks to solve the tasks of the classification of time series, which
describe the processes of educational activity. An important task is to find a format for
organizing time data for the best perception of their artificial neural network. It is also
necessary to solve the issues of choosing the configuration of the neural network and
determine the parameters of the training network to provide the required level of
reliability of the classification of time series in the educational process.

The statement of basic materials. The computer system for the maintenance
of the educational process must memorize the time of each grade. Then the student's
behavior can be described by a time series. It is proposed to line the timely execution
vertically, and from it horizontally to the right or left to indicate the delay or advance.
If you depict the time of each event in such a system of coordinates, it is convenient to
describe the student's behavior in the form of a polyline — a certain symbol. We get a
time "portrait" of the student (Fig. 1)
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Fig. 1. Student behavior in time
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You can classify the types of such portraits. Figure 2 shows some types of
portraits.

2 15 10 2

I S 1

: : : ' maximum 3\ :

5 4 delay 3 5

} ! . boundary h¥ \,

! \4 / \3 :

I \ N \ \

5 4 % 3 5

I 1 \ |

4 4 3 5

I \ A\ \

5 5 3 5

1 \‘ \3 3

s 4

: 4/ \a :

1 1 / " 1

5 , R e R e 4 - L
Typel Type2 Type3 Typed

Fig. 2. Some types of the portraits

Type 1 means perfectly timely execution of tasks. The vertical line may be
slightly curved within certain tolerances in time.
Type 2 indicates an episode of significant delay in the execution of tasks, for

example, due to illness. Such an episode can happen at different time, as shown below.
Type 2
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Fig. 3. Episodes of significant lateness — classified as Type2

The extreme case of type2 is type 3. Type 4 represents the early completion of
tasks.

The above types are quite idealized. In reality, there can be an infinite set of
portraits of behavior. It is necessary to somehow classify the types of behavior, given
the fact that the boundaries for each type may be fuzzy. It is often quite difficult for a
person to analyze and classify data when it needs to be processed quickly.

One should not think that a comprehensive description of student activity is an
end in itself and is used only for fixing and documenting. It is obvious that the
behavior of the student is determined not only by the characteristics of the student. At
a minimum, there are three more important factors that determine student behavior —
this is society, family, and the education system. It is important to be able to identify
trends and use them to improve processes.
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A neural networks may be useful for solving such problems.

General model structure. For the classification of the types of academic
performance, a neural network of the multilayer perceptron type was chosen with
separate outputs for each type of classification. From the point of view of memory
costs and speed, one network with several outputs is better. From the point of view of
recognition accuracy, it is more expedient to use a separate network with one output
for each type of classification.

Inputl =Delay of Taskl —éo O Typel =Outl

Input2 = Delay of Task2 —90 O Type2 = Out2
Neural network(s)

InputM = Delay of TaskM —%O O TypeN=OutN

Fig. 4. General model structure

Thus, the main parameters of the classification model are the number of student
behaviors that a neural network should be able to recognize. Another important
parameter will be the length of the time series being analyzed, i.e., the number of
tasks, or, generally speaking, the events of the occurrence of which need to be
analyzed. It is also required to provide that a system configured and trained, for
example, to analyze the implementation of 10 tasks, could analyze the implementation
of a different number of tasks without significant restructuring. This can in certain
cases be solved by interpolation along the time axis.

The neural network is implemented by the author of the article in the form of a
C++ program module for Windows for research purposes, as well as a Java class for
embedding in Android applications.

Experiments. For the training of the neural network, the results of assigning
tasks to several groups of students were used. Data sets were formed, each of which is
classified by one of 11 types of academic achievement.
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Fig. 5. Example of student grading
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The training was performed by the method of back-propagation errors [6].
When calculating the increments of the weights of connections Aw, the following
training parameters were used: ¢ — is the learning rate and o — is the coefficient taking
into account the change in the weight increment of the given link at the previous
iteration. The formula for incrementing the connection weight from neuron A to
neuron B is as follows:

AWj_p =¢85 0UTy + - Awj_}

b

where: OUT, is the output value of neuron 4; d; is the fraction of the error calculated
for the neuron B taking into account the layer in which the neuron is located.

The learning process is designed as a sequence of epochs. In each epoch
(Epoch;) the network scans all input data sets (Set;) selected for training. Thus, Epoch;
= {Set,, Set,. . ., Set,}. During the network training cycle, for each epoch, the total
square error of the dataset was calculated separately for each output. For one m-th
network output, which indicates the corresponding classified m-th type, the error was
calculated by the formula:

n
1
Aepochy,, = EZ(OUTidealj,m — OUTactualj,m)z,
j=1
where: OUTideal is the desired value, OUTactual is the output of the network.

Below are graphs of changes in the error for one of the classified types during
10000 epochs of learning for different values of the parameters ¢ and a.
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Fig. 6. Change errors during training

As you can see, the choice of the parameters ¢ and o significantly affects the
learning outcome. So, for example, the worst situation occurs when ¢ = 0.1, o = 0.9 -
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the process is unstable, and after about 8000 epochs of learning, the error may even
increase.

A significant influence on the training of the neural network may be the choice
of the initial values of the links weights. Random values were selected from -0.5 to
0.5. Fig. 7 Figure illustrates the differences in training at € = 0.7, a = 0.3 for 6 different
sets of initial random weight values

1 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
epoch num

Fig. 7. Influence of the initial values of the bond weights on learning

It should be noted that the nature of training may vary for different types of
classification. For some of them, when the task is reduced to the identification of
fragments of typical curves of temporal dependencies, it may be advisable to use the
technique of convolutional neural networks [5].

Conclusions. The article proposed to store and analyze the description of
student achievements in the form of a student's trick in time. The possibilities of using
neural networks for the analysis of the regularities of the educational process were
explored. The influence of individual factors on the achievement of the possibilities of
reliable classification of students' behavior patterns was revealed.
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PO3HIMPEHA AHOTALIA
B. M. Ilopes

JESIKI ACHIEKTU MOBYJOBU IHTEJEKTYAJIbHOI MPOI'PAMHOI
CUCTEMU Ui MIATPUMKHU HABYAJIBHOI'O ITPOLECY

AKTyaJIbHiCTh TeMH AOCJiAKeHHs. PO3BUTOK CHUCTEM IITYYHOrO IHTENIEKTY
Ha/Ia€ MUPOKI MOXKIUBOCTI JJISl BJAOCKOHAJCHHS 1H(OPMAIIHHIX CHCTEM MiATPUMKU
HaBYaJIbHOIO MPOLIECY, HAJAUIEHHS iX HOBUMH (DYHKILI10HATbHUMH MOJIMBOCTSMH.

IMocranoBka mnpodemMu. OOMEXKEHICTh JIOJACHKUX MOMIMBOCTEH 1 HEoO-
X1IHICTh OXOIUICHHS BENMYE3HHX 0OcCATiB iH(opMarllii, 3HaHb Ta JOCBily, SIKi HAKO-
MUYYIOTBCS  YNPOJOBXK JECATKIB POKIB MPHU3BOIUTH OO HEOOXiJHOCTI TOSBU
KOMIT FIOTEPHUX 1HTENEKTYaJbHUX CHCTEM, SIKl 3[aTHI HE TIJIbKM HAaKONIMYyBaTH, a U
aHaJi3yBaTH JaHi Ta mporecH. Lle moBHOIO Mipo0 CTOCYETHCS 1HPOPMAIITHUX CHCTEM
JUIA MATPUMKA OCBITHBOI iSUTBHOCTI. 3a0€3MEYeHHS MOMIIMBOCTI TaKMX CHCTEM
aBTOMAaTUYHO 30epiraTé OKpIM TPAIWIIMHUAX JAHUX TAKOXK 1 YaCOBI PSIU MOPOIKYE
npobiemMy aHalizy Ta Kiacudikarii BeTMKUX 00CsTiB Takoi iHpopMariii.

AHali3 ocTraHHiXx gocaimxkeHb i myOJikamiii. B pesymprari aHamizy
JiTepaTypHUX JDKEpes, NPUCBAYCHHX CHCTEMaM MIATPUMKH aBTOMAaTH3allii Ha-
BYAJIILHOTO TMPOIECY, MOXKHAa 3pOOMTH BHUCHOBOK, IIO I CHUCTeMH OyAyIOThCS Ha
raropMax CHUCTeM KepyBaHHs 0a3aMu TaHUX; 1 OCHOBHA (YHKIIis, SIKa peai3yeThCs
y TaKHX CHCTeMax — 30epiraHHs Ta HAKONMMYECHHS HABYaJbHHUX IUIaHIB.

BuninenHss HexocaigkeHMX 4YACTHH 3arajbHoi mpoosaemu. Jlana crarTs
NPUCBSUEHA MUTAHHSAM CTOCOBHO METOMIB 1 3aco0iB aHamizy iHpoOpMamiifHUMU
CHUCTEMAaMH YaCOBHX PSIIB, sIKI OMUCYIOTh OCBITHIO JISTIbHICTD.

IlocTanoBka 3aBaaHHsA. 3aBJAHHAM € 3HAWUTH (QopMaT BIOPSAKYBaHHS
YacOBUX JAaHUX, BUOpATH KOHQIrypamito HEHPOHHOI MEPEXi Ta BUSHAYUTH METOIHUKY
Ta MapaMeTpu HaBUAHHS MEPexXi /I 3a0e3MeyeHHs MOTPIOHOTO PiBHS JOCTOBIPHOCTI
Kacu}ikarlii 9acoBUX PsiB B OCBITHHOMY IPOLIECI.

BuxiiageHHs1 OCHOBHOro martepiajy. BucsitieHo HeoOXimHiCTh 30epiraHHs Ta
aHaNi3y YacoOBHX psMiB I HABYAIBHOI ISUTBHOCTL. 3alporoHOBaHO (opMmar
IHIUBIIyaIbHOTO TOPTPETY JISJIBHOCTI CTyJEHTa Yy 4acl. 3alpolOHOBAHO BHUKO-
PHUCTOBYBATH ILUTY4YHI HEWPOHHI MEpEXl A aHal3y TakuX JaHuX. JlOCHiKEHO BIUIMB
OKPEMHUX ITapaMeTpiB Ha HABYAHHS MEPEKi, sika KIacH(IKye THITM MOBEIIHKH CTYICHTIB.

BucHoBkM. Po3risiHyTO MiAXia 10 CTBOPEHHS IHTEIEKTYaabHOI iH()OpMaIiiHO1
CHUCTEMHU ISl TIATPUMKH HABYAIHHOTO MPOIECY. 3arporOHOBAHO METOMOJIOTIUHY
OCHOBY JUISI TIOOYJOBH €JIEMEHTIB KOMII IOT€PHOI IHTEJIEKTyaJIbHOI iH(pOpMaIiifHOT
cucreMu. HaBenmeni mpuxmamu peamizamii oxkpeMux (QYHKIIH CHCTEMH MiATPUMKHU
HaBYaJIbHOI'O MIPOLIECY.

KarouoBi cjoBa: anami3, kimacudikailisi YacoBHX pSJIiB, IHTEICKTyaJlbHA
iHpopMamiiiHa cucTemMa, HEHPOHHA MEpeXa, HaBYaHHS HEHPOHHUX MEPEX, MiATPHMKa
HaBYAJIBHOTO IIPOLIECY.



