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3ACTOCYBAHHSA METOJAIB MAILIMHHOI'O HABYAHHS
AJs1 AHAJI3Y IMMOBIAOMJIEHDb B TWITTER

Anomayin. B cyuacnomy ceimi coyianvhi mepedici cmanu Hegio €EMHOI0 4acCmuHO HCUMMS
bazamvox nooell. Bonu € 3pyuHum ma OOCMYNHUM 3ACOOOM NOBCAKOEHHO20 CRHIIKYBAHHSL.
Oonax 3 po36UMKOM COYIAILHUX MepedC 3'A8UNUCS U npobeMu, OOHIEI 3 AKUX € KibepOyaiHe.
B pobomi euxonano nonepeornto 06podKy mexcmosux nogiooMIeHb, PO3SIAHYMO PI3HI Memo-
ou binapuoi knacugikayii mexcmis ma 3acmoco8ano ix 05 8USHAYEHHS KibepOyliHey 6 Nosi-
oomnenusx Twitter. I[Iposedeno 0ocniodxicenus epeKmusHOCMI KOJICHO20 3 Memooié ma 6UKO-
HaHo ix nopigHanvnull ananiz. Ilpoepamue 3abe3neuenns peanizoeane mogorw Python i3 3a-
cmocysannsam 6ioniomex spaCy, gensim, scikit-learn, pandas, numpy, matplotlib.

Knmouosi crnosa: knacugixayis mexcmis, 00pooKa npupooHoi Mosu, coyianbii mepedxici, Kibe-
poynine, binapna knacughikayis, oyinka mooeiui, word2vec, Bag-of-Words, TF-IDF.

Byninr B iHTEpHETI, 30KpeMa B COI[iaJIbHUX MEpekax, € CepiHO3HOI0 3arpo30r0 JJIsi MEH-
TaJIBHOTO 3JI0POB'S KOPHCTYBadiB. ATpecwBHI, oOpa3nuBi ab00 NPHHU3IIMBI IMOBITOMICHHS
MOXYTh BUKJIHMKATH CTPEC, TPUBOTY, Jempecito abo iHII mcuxiuHi po3nagu. Yepes me BUsB-
JICHHS Ta 3amo0iraHHs KiOepOyIiHTY € MPIOPUTETHUM 3aBIAAHHSAM JJIs OpraHizaiii, mo po3-
pOoOIIAIOTH KOMYHIKaIiitHI matdopMu.

MeTo10 10CiAKEHHS € TIONTYK MOJIEICH IS KilacudiKaIlii oBiIOMJICHb SIK TaKUX, IO
MICTSITh O3HaKH OyiiHTYy 200 Hi (OiHapHA Kiacu]ikaris).

Marepiain Ta MeTtoau. ABTOMAaTHYHE BU3HAUEHHs OYyJIHTY y TBITaxX 3a JOMNOMOIOIO
METO/IIB MAllIMHHOTO HaBYaHHS € BAXJIMBUM KPOKOM y 00poThO1 3 miero mpoodsiemoro. Edek-
THUBHI METOAM Kiacu]ikallli TOMOMOXYTh HIBUAKO 11€HTU(IKYBAaTH 00pa3InBl MOBIJOMIIECHHS
1 onepaTuBHO BXKWUTHU BIANOBIIHI 3aX0AM AJIs X YCyHEHHs. Lle 103BOJINTh 3aXUCTUTH KOpHC-
TyBauiB BiJl HETaTUBHOI'O BIUIMBY W CTBOPUTH Oe3medyHe Ta KoM(pOpTHE CepeloBUILE AJIs CITi-
nkyBaHHs [1, 2].

s toro, mo6 epexTUBHO MPOTUIIATH OYIIHTY B MepexXi, HEOOX1THO pO3pOOUTH MO-
neni juist 6iHapHOi Kiaacugikailli TEeKCTOBUX MOBIOMIICHb. BXiTHUMU TaHUMU 715 1Ii€1 3a/1a4i
€ cami ITOBIJIOMJICHHS, BUXIAHUMH - ITO3UTHUBHUM YM HETaTUBHHUH BHUCHOBOK IIOAO HAasSBHOCTI
03HaK Ki0epOyJIHT'y B KOHKPETHOMY IOB1JIOMJIEHHI.

Hnst po6otu O6yno obpano nmaracer [3]. KinbkicTh yHIKaJIbHUX 3aIMCIB Y JAaTaceTl —
46017, 39747 1BiTIB 3 03HaKaMu OyniHTy 1 7945 HelTpanbHUX noBigomiieHb. [Iporpamue 3a-
OesmeueHHs peanizoBane MoBowo Python [4] i3 3actocyBanusam 6i0miorek spaCy [5],
gensim [6], scikit-learn [7], pandas, numpy, matplotlib.
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[TepmuMm eramom monepeaHboi 0OPOOKM TaHUX € OUMIICHHS TEKCTiB Bij html-teris, ri-
NEepIIOCUIIaHb, IMEH KOPUCTYBAUiB, XEIITETiB, HEOYKBEHUX CHMBOJIB Ta MPUBEACHHS JITEP 10
HIKHBOTO pericTpy. s mporo Oyno BHUKOpUCTAHO peryispHi Bupasu. [licns mporo Oyio
MPOBEJICHO TOKCHI3aIli0, JIEMATH3AIlil0 Ta OYHMIIEHHS BiJ CTOI CIIiB 3a JOIIOMOTOK 3ac00iB
616miorexu spaCy.

Jiis 3acTocyBaHHS KiacudiKamiifHUX Mojeie Oyno yTBopeHO 3 HaOOpW BXITHUX Ja-
Hux: Matpuio Bag-of-Words, TF-IDF martpuiito ta marpuiro word2vec. Koxen i3 HabopiB
OyI10 MOAIIEHO HA HABYAJIbHUI Ta TeCTOBUH y criBBiaHOmeHHI 80% Ta 20% BigmosigHo. Ma-
tpuis Bag-0f-Words MicTUTh KUTBKICTh BXO/KCHb KOXKHOT'O CJIOBa Y KOXCH 13 JJOKYMEHTIB,
TF-IDF matpurs — TF-IDF mMeTpuku ciiB y KOXKHOMY JTOKYMEHTI, a MaTpuis word2vec — Be-
KTOpHE MPEICTaBICHHS KOXKHOTO 13 JOKyMEHTIB.

Jnst knacugikaiii TeKCTOBUX MOBIIOMIICHb 0YJI0 BUKOPUCTAHO HACTYITHI METO/IH:

- norictuuna perpecis (LogisticRegression 6i0mioteku scikit-learn);

- meroj k Haitommxuux cyciniB (KNearestNeighbors 6i6mioreku scikit-learn);

- Bunaakosuii jic (RandomForestClassifier 6i6moTexu scikit-learn);

- wmeron onopuux BektopiB (SVC 6i6mioteku scikit-learn);

- HaiBHMIT OaeciBcbkuil kiacudikarop (MultinomialNB 6i6mioreku scikit-learn).

Pe3ysabTaTn Ta OCHOBHMII MaTepiaj gociaigxennsi. [ ouinku eheKTUBHOCTI Kia-
cudikarii TeKCTiB MOEISIMUA OYyJI0 BUKOPUCTAHO TMOKAa3HUKH BIYYHOCTIi(precision), MOBHOTH
(recall), f1-meTtpuxu (f1-score) Ta TOYHOCTI (accuracy), a TAKOX MaTPHIl HEBIIIOBIIHOCTI.

Jlozicmuuna peepecis (pucynku 1-3).

precision recall fl-score  support

8 a8.62 8.56 e8.59 1591 ¢

1 8.91 8.93 a.92 7448 f

=
accuracy 8.86 9831
macro avg a.77 8.74 a.75% 9831
weighted avg 8.86 8.86 8.86 9831

Predicted label

Pucynok 1 — LogisticRegression, BxinHi nani — matpuns Bag-of-words

precision recall fl-score  support
] B8.68 8.43 8.52 1591 %
1 g.89 g8.96 8.92 74443 o
accuracy @.36 96831 e
macro avg 8.7 8.69 8.72 9631
weighted avg @.85 8.88 @.85 9631 0 1

Predicted label
Pucynok 2 — LogisticRegression, BxigHi gani — marpuns TF-IDF
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precision
e 8.83
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Pucynok 3 — LogisticRegression, BXigHi 1ani — marpuis word2vec

Memoo k uaubauxcyux cycioie (pucynku 4-6). HaifBuima TOUYHICTH AOCATHYTA TpPU

k = 55.
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Pucynox 4 — KNearestNeighbors, BxiaHi gani — matpuist Bag-of-words
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Pucynok 5 — KNearestNeighbors, Bxinni gani — matpuns TF-IDF
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recall fl-score
g.22 a.33
8.498 a.91
a.84

a.608 a.62
a.84 a.81

support

1591
7448

9831
9831
9831

True label

o] 1
Predicted label

Pucynok 6 — KNearestNeighbors, BXijHI qaHi — MaTpuis word2vec
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Memoo sunaodxosoeo nicy (pucynku 7-9).

precision
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recall fl-score

a.3a .43
.98 a8.92

a.86
.64 8.68
a.86 a8.83

support

1591
7448

9831
9831
9831

True label

Predicted label

Pucynok 7 — RandomForestClassifier, Bxiani qani — matpuiis Bag-of-words
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Pucynox 8 — RandomForestClassifier, Bxigni nani — marpuns TF-IDF

precision
8 g.65
1 g.87

accuracy
macro avg 8.76
weighted avg 8.83

recall fl-score

a.3a 8.41
.97 8.91

a.85
8.63 8.66
8.85 8.83

support

1591
7448

9831
9631
9631

True label

0 1
Predicted label

Pucynox 9 — RandomForestClassifier, BXigHi 1aHi — matpuis word2vec

Memoo onopnux eexmopie (pucynku 10-12). J{ns knacudikarii 6yno oOpaHo Mozenb

LinearSVC uepe3 BenuKy po3MipHICTh BX1AHUX HAOOPIB TaHUX.
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Pucynok 10 — LinearSVC, Bxiani gani — marpuis Bag-of-words
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precision recall fl-score  support

o

)
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1 a.9a 8.93 a.92 744 é
accuracy .88 9631

macro avg a8.76 8.73 a.74 9631 0 1

weighted avg 8.85 B8.86 8.80 0831

Predicted label
Pucynok 11 — LinearSVC, Bxinni gani — marpuis TF-IDF

precision recall fl-score  support
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Predicted label
Pucynok 12 — LinearSVC, BxiaHi nani — matpuisg word2vec

Haisnuti 6aeciscokuii knacughixamop (pucynku 13-15). lns knacudikaii 6yno obpaHo
Mojienb MultinomialNB uepe3 noniHoMiaabHy IPUPOLY PO3MOLITY YACTOT CIIiB Y TEKCTaXx.

precision recall fl-score  support -

=]

8 8.66 8.33 8.44 1591 f

1 8.87 8.96 8.91 7448 é
accuracy g.85 9831
macro avg a.76 .65 .68 9631
weighted avg a8.83 8.85 8.83 9831

Predicted label
Pucynok 13 — MultinomialNB, BxiaHi nani — matpuus Bag-of-words

precision recall fl-score  support =
£
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accuracy 8.84 9631
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Predicted label
Pucynok 14 — MultinomialNB, Bxingni nani — marpuns TF-IDF

[TopiBHSHHS pe3yabTaTiB MOJIENIEH.

3a pe3ynbTaTaMy TECTYBaHHS MOJIeIel MOXKHA 3pOOUTH TaKi BUCHOBKU:

- edexTuBHICTh Kiacuikawii [uig ycix MoJeneil Majo 3ajIeXKuTh BiJ BUOOPY THITY BXi-
naux nanux (Bag-of-Words, TF-IDF, word2vec);
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- JIOTICTHYHA perpecis Ta METOJ OMOPHUX BEKTOPIB MMOKA3aIHU TPOXH Kpairy e(eKTuB-
HICTh, HIX 1HIII MOJIEJII;

- HaiBHMHA 0aeCiBCHKMH KiacH(piKaTOp MOKa3aB BIJHOCHO HHU3bKY €(EKTUBHICTH MpU
tpenyBanHi Ha TF-IDF marpwui;

- Meroa k HalOMMKYKMX CyCi/liB IMOKa3aB BIHOCHO HHU3BKY €(EKTUBHICTH MPHU TPEHY-
BaHHI Ha Marpuui Bag-of-Words.

BpaxoBytoun e, 1110 HalKkpaily eQpeKTHBHICTh MTOKa3aJld MOJIENI HAa OCHOBI JIOTICTUYHOT
perpecii Ta METOJly OMOPHUX BEKTOPIB Ta MIBUAKOJIIO JIOTICTUYHOI perpecii, HalIOIIbHI-
MM JJIs1 PO3B’SI3aHHS IIOCTABJICHOTO 3aBJAaHHS € BUKOPUCTAHHS caMme Kiacudikaropa
LogisticRegression na marpuni Bag-of-Words.

BucHoBku. 3a pe3ynbTraTaMy HOPIBHAUIBHOTO aHaNi3y €(peKTUBHOCTI MOAEJEH BHOKpe-
MJICHO JIOTICTUYHY perpecito Ha BXijHUX jaaHux Bag-of-Words sik Haiie()eKTHBHIILY MOJIEIb
IS 3a1a4i OiHapHOI Kiacudikaiii TeKCTOBUX IMOBIJOMIICHB 13 00paHOro Habopy.

OTtpumani B X0/l AOCHIDKEHHS PE3YJIbTaTH MOXYTh OyTH BUKOPHUCTaHi Ui pPO3pOOKH
CHCTEM aBTOMATHYHOTO BUSBIICHHS O3HAK KiOEpOYITIHTY B IMOBIIOMIICHHSX KOPUCTYBAiB CO-
[iaIbHUX MEPEX Ta ONMEPATUBHOTO BXXKUBAHHS BiAMOBIIHUX 3aX0/IiB.
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Application of machine learning methods for analysis of Twitter messages
The paper investigates the problem of binary classification of text messages for the
presence of bullying. Bullying on the Internet, in particular in social networks, is a serious
threat to the mental health of users. Aggressive, offensive or humiliating messages can cause
stress, anxiety, depression or other mental disorders. Because of this, identifying and prevent-
ing cyberbullying is a priority for organizations developing communication platforms.
A dataset with Twitter messages was prepared and pre-processed, including cleaning,
tokenization, and lemmatization. 3 sets of input data for classification models were created:
Bag-of-Words, TF-IDF matrix, word2vec matrix.
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Models based on various machine learning methods were built and tested: logistic re-
gression, k nearest neighbors, random forest, support vector, naive Bayesian classifier meth-
ods on each of the input data sets.

Based on the results of testing the models, a comparative analysis of their effectiveness
was carried out, logistic regression on Bag-of-Words input data was singled out as the most
effective model for the task of binary classification of text messages from the selected set.

The results obtained in the course of the study can be used for the development of sys-
tems for automatic detection of signs of cyberbullying in the messages of users of social net-
works and the prompt use of appropriate measures.

Keywords: text classification, natural language processing, social networks, cyberbully-
ing, binary classification, model evaluation, word2vec, Bag-of-Words, TF-IDF.
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