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Abstract

This article presents the results of a study using the cluster analysis of educational content to identify disciplines
(syllabuses) that are similar in content to work curricula. Existing methods made it possible to quantify the similarity of
documents and led to efficient processing of large text corpora and to present interesting and relevant information. The
analysis of such methods of processing text documents showed that there are a number of approaches that are applicable
to solving the problem of forming educational programs. During the experimental work, 350 educational work
programs of disciplines were analyzed for compliance with 120 competencies in the areas of training IT specialists. The
resulting cosine distance matrix allowed us to determine similar syllabuses. This led to the task of grouping by one
clustering attribute. In addition, the metric used when combining features reduces them to one feature, respectively,
splitting into clusters is equivalent to grouping by this feature. This study is dedicated to solving the important and
urgent task of intellectual support for the educational programs formation, which has a high complexity when
processing large volumes of poorly structured information in a short period of time under constant modifications.
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Axoamna
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BIJIIM MA3MYHbI KY/ KATTAPBIHBIH ¥YKCACTBIFbIH AHBIKTAY YIHIIH
KJACTEPJIIK TAJIAY bl KOJIJIAHY

By Makanama kiacTepiik Tangayabl OimiM Oepy KyKaTTaphlHBIH Ma3MYHBIMEH YKCac MOHASP.Ii aHBIKTAy YIIiH OKY
KYMBIC Oarmapiamainapsl (crutadycrapabl) Ma3sMYHBIH KOJJaHy OOWBIHIIA 3EpTTEY HOTIDKENIEPl KeNTipiireH.
KonpmaHbIcTarsl aicTep Ky>KaTTapblH YKCACTHIFBIH aHBIKTayFa, COHBIMEH KaTap, YJIKeH MITIHJIK KOPIyCTapabl THIMAII
OHJIEYTe JKOHE KBI3BIKTHI opi MaHBI3OBl aKMapaTThl YCBIHYFa MYMKIHZIK Oepai. MOTIHOIK KyKaTTapIsl ©HICYIiH
OCBHIHZIAl 9JicTepiH Tannay OinimM Oepy OariapiaManapbiH KJIBIITACTHIPY MACEJIECIH Ienyre KoJAaHbUIaThIH OipKaTap
TocUiepAiH 0ap eKeHAIriH KepceTTi. OKCIEPUMEHTTIK JKyMbic OapbichiHna 350 1moH OOWBIHIIA OKY JKYMBIC
Oarmapiaamanapel [T MamanmapbiH gasipiay OarbIThIHZAArbl 120 Ky3bIPETTINIKKE COMKECTITIH TalaaHmbl. AJIBIHFAH
KOCHHYCTBIK KallbIKTBIKTapJIbIH MaTPHUIACHl YKCAC CHILIa0ycTapbl aHbIKTayFa MYMKIiHAIK O0epni. bys 6ip kiactepiik
aTpuOyT OOWBIHIIA TONTACTHIPYIBIH MiHaeTiHe okemmi. CoHbIMEH Katap, (yHKUusuapasl OIpikTipy KesiHae
KOJIZIaHbUIATBIH METpPHUKa OJIapJbl Oip epekilellikke AeWiH a3aiTalbl, ColKeciHIe Kiactepre OelliHy ochl (QyHKIUsS
OOMBIHIIA TONTACTHIPYFa TEH KeJeni. byn 3eprrey OuriM Oepy OarmapiaManapblH KaJBIITACTHIPY VIIIH 3HATKEPIiK
KOJIIayIbIH MaHBI3Abl JKOHE ©3€KTi MaceleNepiH MIeNIyre apHajfaH, OJ KbICKa YaKbIT IIIIHAE YJKeH KeJeMi
KYPBUIBIMJaJIMaFaH aKMapaTThIH YHEMI TYpJIEHAIpYMEH eHJIey Ke3iH/e oTe Kyp/eli OOobIn TaObuIa bl

Tyiiin ce3mep: kimactepiik Tanmay, OLTIM Ma3MYHBI, KYKaTTBIH YKCACTBIFBI, JKHITIK MaTpHUIACHl, OuTiM Oepy
Oarmapiamacsl.
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NPUMEHEHHUE KJACTEPHOT' O AHAJIN3A AJ151 ONPEAEJEHUSA CXOXKNUX JOKYMEHTOB
OBPA3OBATEJIBHOI'O KOHTEHTA

B naHHOl craTbe NMPUBOIATCS Pe3yNbTaThl MCCIIEIOBAHUS NPUMEHEHHE KJIACTEPHOro aHaim3a o0pa3oBaTebHOTO
KOHTEHTa JUISl BBISBICHHE CXOXKHX I10 COAEPXKaHWIO pabO4YMX Y4YEeOHBIX MPOTrpaMM IUCHHUIUIMH (cHiutaOycos).
CyniecTByIOIIE METOJbI MO3BOJIMIIM KOJMYECTBEHHO OIEHUTH CXOJACTBO JIOKYMEHTOB U IpUBENN K 3((EKTHBHON
00paboTke OOJBIINX TEKCTOBBIX KOPILYCOB M IIPEACTABISATh HHTEPECHYIO M aKTyalbHYI0 MH(GOPMAIHMIO. AHAIN3 TaKUX
METO/I0B 0Opa0OTKH TEKCTOBBIX IOKYMEHTOB I10Ka3aj, YTO CYIIECTBYET PsJ IIOJXOJO0B, KOTOPHIE NPHUMEHHUMBI IS
pemeHus 3axa4u GOpMHUPOBaHUA 00pa30BaTENBHBIX IPOTpaMM. B Xoe poBeIeHHs SKCIIepUMEHTAIbHBIX padboT ObuTH
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npoaHanu3upoBanbl 350 yueOHBIX pa0OYMX MNPOrpaMM JUCLMIUIMH Ha COOTBETCTBHE 120 KOMIETEHHIHMSIM 10
HarpasJieHusM noarotoBku [ T-cnennanucros. [TomydeHHas MaTpuia KOCHHYCHBIX PAaCCTOSIHUN TI03BOJIMIIA OTIPEEIHTh
CXOKHe cuiIa0dychl. DTO TPHUBEIO K 3ajade TPYNIUPOBKHM IO OJAHOMY IPH3HAKy Kiactepusauud. Kpome Toro,
UCTIONb3yeMast IpU 0ObETMHEHUH IPU3HAKOB METPUKA CBOAUT UX K OJHOMY IIPU3HAKY, COOTBETCTBEHHO, pa30HeHNe Ha
KJIacTephl PaBHO3HAYHO TPYIIHPOBKE MO 3TOMY NpHU3HaKy. /laHHOE HccleoBaHUE MOCBSIIEHO PELICHUI0 BAKHOU U
aKTyaJIbHOH 3a/a4M MHTENJIEKTyalbHOro obecriedeHus (GpopMHpoBaHHS 00pa30BATENBHBIX MIPOTPaMM, KOTOpas MMEET
BBICOKYIO CIIOKHOCTH TIPH 00paboTke OONBIINX OOBEMOB IDIOXO CTPYKTYPHPOBAHHON HH(OpMAIH 3a KOPOTKHUI
MIPOMEXXYTOK BPEMEHH TP MOCTOSHHBIX MOAU(DUKAIIHAK

KaroueBble ci10Ba: KIacTepHbIH aHAIN3, 00pa30BaTEIbHBIH KOHTEHT, CXOACTBO JTOKYMEHTOB, YaCTOTHAs MaTpHIa,
oOpazoBarenbHas IPOrpaMma.

Introduction

Research was conducted on the intellectual support of the process for improving the quality of the
educational content forming professional competencies of higher education programs. At the same time, the
identification of relevant working curricula of disciplines, taking into account the context of entities in
documents with automatic extraction of entities and relations between them, has allowed to implement it
without laborious processing and adaptation of knowledge bases. The subject of the study is the content of
working curricula (syllabus), which are defined as a set of data that characterize the results of training and
the content of the discipline. As a result of the work [1], the author created a corpus of texts from the
documents of working curricula in the disciplines of the specialty "Information Systems".

Existing approaches to the intellectual support of the formation of educational programs based on
ontological models of systems [2-4] based on knowledge and rules, heuristic algorithms for the automated
compilation of curricula, methods of expert assessments and cognitive maps do not allow to effectively take
into account and quickly track changes in the market labor, and also in the space of educational content. In
turn, the formation and actualization of ontological models, systems of rules and precedents by experts for all
existing subject areas the preparation of educational programs is an extremely labor-intensive process that
requires the involvement of a representative composition of experts in each of the subject areas to ensure the
required accuracy.

Experimental

The definition of the set of variables by which the objects in the sample are evaluated was carried out as
follows: for each term in the syllabus the tf-idf index was calculated [5], the totality of which was a
document vector. Then a matrix was compiled from the vectors, in which each row was a separate document.
At the same time, it is necessary to make sure that each vector contains the tf-idf indicators for each term
found in the document corpus. In order to obtain a matrix by informative features, some filtering operations
were carried out, such as removing uninformative columns, i.e. terms that were found in only one syllabus
are not common, they have been deleted.

TF (Term Frequency) is the numerical value of a given word occurrence in the current document. It is
calculated by the formula:

TF=—1 (1)

where Nj is the number of a given word’s occurrences, N is the total number of words in the document.

IDF (Inverse Term Frequency) is a numerical value that shows how often this word appears in all
source of documents. Calculation formula:

IDF =log (dEJ (2

where D is the total number of documents, and di are the documents in which the given word

occurs [6].
The final value of the TF-IDF coefficient is equal to the product of above factors

TFIDF =TF - IDF 3)
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Words with a high frequency within a given document and with a low frequency within a whole set
of documents gain more weight. To calculate TF, a vector of normalized words is used. Each word becomes
a key in the map, and the number of occurrences becomes a value.

As a result, we obtain a matrix of weights of size (10, 129), which has the rows corresponding to the
syllabuses from the sample and the columns corresponding to the general terms in the collection. This matrix
for the solving problem is shown in Table 1.

Definition 1. A nonnegative real function s(Xi,X]-) = s;j is called a similarity measure if:

1) 0 <s(X,X;)) <lmnaX;# X;

2) s(Xu X)) =1;

3) S(Xi,Xj) = S(XL,X])

where X3, X,, ..., X,,- are presented in the form of a data matrix with the size p x n:

X11 X12 X1n
X21 X222 . Xon

X i I = (XliXZp---,Xn).
xp1 xpz xpn

In this case, the distances between pairs of vectors d(Xl-,Xj) can be represented as a symmetric matrix of
distances:

0 dyp .. dip
D= dz; 0 .. dpp
dpr dpy o O

1 512 S1in

S 1 S
S = 21 2n

Sn1 Sn2 1

As noted previously [7], the measure of cosine similarity of vectors is used. The resulting matrix of
weights was processed using the cosine_similarity function, which takes a matrix of vector weights as input
and returns a matrix of cosine distances.

Cosine similarity is a measure of similarity between two vectors of the pre-Hilbert space, which is used to
measure the cosine for an angle between them. If two feature vectors A and B are given, then the cosine
similarity cos (8) can be represented using the scalar product and the norm [8]:

A xB;

\/ zin:l(A )2 X \/ zi"zl(Bi )2

The cosine similarity value of the two documents varies in the range from 0 to 1, since the frequency of
the term (TFIDF weights) cannot be negative. The angle between two term frequency vectors cannot be
greater than 90°.

Definition 2. Cluster analysis is a multivariate statistical procedure that collects data containing
information about a sample of objects, and then arranges objects into relatively homogeneous groups [8]. In
cluster analysis, grouping characteristics are combined using some "metric". Some of them were considered
in the author's previous work [7]. At the same time, grouping according to one characteristic and clustering
according to a number of characteristics are brought to each other. The number of features connected during
clustering can be equal to one. The work [3] proposes an original approach to non-hierarchical clustering, the
so-called "island clustering™, which consists in the analysis of term correlations (normal forms of words and

cos(9) = (4)
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stable word combinations). The clustering procedure is based on testing the statistical hypothesis about the

independence of the appearance of individual parterms in the texts.

This leads the task of grouping by one attribute to clustering. In addition, the metric used in combining
features reduces them to one feature, respectively, splitting into clusters is equivalent to grouping by this

feature.

Results and Discussion

For this, it was necessary to implement such auxiliary procedures as removing stop words from
documents, stemming, determining the importance of a term in the body of documents by tf-idf

characteristics of the term [5].

Table 1. Fragment of the weight matrix

algorithm | analysis safety input branching elxr;t?c:n view
IT-infrastructure 2019.txt 0 0,06680 | 0,01028 | 0,02057 0 0,03111 | 0,00835
ADSP.txt 0,15297 0 0 0,04348 | 0,07453 0 0,01176
Artificial_Intell__audit.txt 0,03711 0 0 0,02052 0 0 0
Methods of operations 0,11517 | 0,04935 0 0,03639 | 0,06129 0 0
research.txt
Modeling Software Analysis.txt 0,00986 | 0,12825 | 0,01215 0 0,01562 0 0,00986
Designing IS_rus.txt 0 0,09512 | 0,01673 | 0,06695 0 0,02151 | 0,01358
Artificial_Intell__management.txt | 0,03793 0 0 0,02098 0 0 0
DSS.txt 0,03439 | 0,13757 0 0,01902 0 0 0
Operating Systems.txt 0 0,17435 | 0,01431 | 0,05726 0 0,03681 | 0,05811
Database management system 0 0 0 0 0 0 0.02851
Oracle.txt '

When the task of choosing variables (features) and objects (syllabuses) is completed, the values of the
measure of similarity between syllabuses can be produced.

© 00 N O O b WO N - O

0

1

2 3 4 5 6 7 8

1.00000 0.369214 0.371486 0.382330 0.329737 0.428720 0.376852 0.326614
1.00000 0.450268 0.539880 0.629847 0.136864 0.454336 0.399773

0.369214
0.371486
0.382330
0.329737
0.428720
0.376852
0.326614
0.457715
0.084785

0.450268
0.539880
0.629847
0.136864
0.454336
0.399773
0.368217
0.286247

1.00000 0.478797 0.520549 0.243711 0.997007 0.614417
0.478797 1.00000 0.650349 0.121331 0.482240 0.605263
0.520549 0.650349 1.00000 0.148876 0.523596 0.512596
0.243711 0.121331 0.148876 1.00000 0.250872 0.132556
0.997007 0.482240 0.523596 0.250872 1.00000 0.593572
0.614417 0.605263 0.512596 0.132556 0.593572 1.00000

9
0.457715
0.368217
0.570959
0.353657
0.451146
0.339926
0.575720
0.403258

0.570959 0.353657 0.451146 0.339926 0.575720 0.403258 1.00000
0.093727 0.096490 0.125639 0.150454 0.096691 0.078889 0.024300 1.00000

Figure 1. Cosine distance matrix

0.084785
0.286247
0.093727
0.096490
0.125639
0.150454
0.096691
0.078889
0.024300

The matrix of cosine distances obtained during testing a sample of 10 syllabuses is showed in fig. 1.
During the research of the data, it was revealed that the documents under indexes 2 and 6 are the most

similar.

The sequential clustering process begins with n objects; then the two least distant (closest) objects are
combined into one cluster and the number of clusters becomes n-1. The process is repeated until all n objects
fall into one cluster containing all objects.
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In a tree diagram, objects are vertically on the left and clustering results are on the right. Distance or
similarity values corresponding to the construction of new clusters are plotted along a horizontal line over
the dendogram. Having n objects, it is possible to build a large number of tree diagrams that corresponds to a
given clustering procedure, however, there is only one tree diagram for a given distance or similarity matrix.

=

9 1 3 4 8 7 2 6 o 5

Figure 2. Dendogram of syllabus clustering

As shown in Fig. 2, the dendogram corresponds to the case of ten objects (n = 10) and p characteristics
(features). Objects 2 and 6 are the closest (least distant from each other), and therefore are combined into one
cluster at a proximity level of 0.009. Objects 3 and 4 merge at 0.3703. At this step, there are 8 clusters: (2, 6),
(0), (5), (9), (1), (3, 4), (8), (7). At the third step of the process, clusters are formed (7, 2, 6), (1, 3, 4), (9), (8),
(0), (5) At the fourth step of the process, clusters (2, 6, 7, 8), (1, 3, 4), (9), (0), (5), which correspond to the
proximity level of 0, 5001. Finally, all objects are grouped into one cluster at a level of 0.923.

As a result, it was revealed that there are methods to quantify the similarity of documents that can quickly
and efficiently process large corpuses and present interesting and relevant information. Analysis of existing
methods of processing text documents showed that there are a number of approaches that are applicable to
solving the problem of forming educational programs.
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