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! BiHHUUbBKMIA HaLiOHaNbHWUIA TEXHIYHWI YHiBEPCUTET

PosensiHymo ocobnusocmi 3adaui oujHosaHHs 8idriosidell pecrioHOeHmig, 0CHOBHI muru gidroegideli Ha
umMaHHs, Ha2oMoOWEHO Ha repesazax 8UKoOpUCMaHHS 8iOKpUMUX numaHb ma po32/1sIHymo OCHOBHI npobnemu
ouiHr8aHHs1 8idnoesidell Ha maki nuUMaHHs rpuU 8es1UKiIll KilbKocmi pecrioHOeHmiIg 3 ypaxy8aHHsIM iX
ocobrniusocmed. B 8onoeidi po3ansiHymo pi3Hi memodu nodaHHs csio8ecHOI 8idnoeidi y eeKmopHoMy suasisioi.
PosensiHymo pi3Hi Mempuku o0b4ucrieHHs1 61usbKocmi MK OKpemumu 8i0rnoegidsimu ma 3arporioHo8aHoO Memood
obyucneHHs1 giocmati Mix 8i0rnosidsiMu pecrioHdeHmi8 Ha 0CcHo8i ModucghikogaHoI gidcmaHi Kakkapa.
BanpornoHosaHa sidcmaHb 8paxosye bnusbKicmb 3a nN-epamamu. 3anpornoHo8aHO MamemMamu4yHy Mooesib
npouecy ouiHtosaHHs y euensadi 3adayi onmumisauii, Wo noss2ae 8 MowyKy MiHiManbHoI nocnidoeHocmi
8idrnoeideli pecrioHdeHmig, Ky MompibHO ouiHuUmMu ekcriepmy, wob cepedHsi gidcmaHb HeouiHeHux gidnosidel
0o ouiHeHux sidnosidell He nepesuulysana NnopPo2o8o2o 3Ha4YeHHs. Po3apobrieHo memod po3e’a3aHHs 3adaui
onmumizauii 3 sukopucmaHHaM memodie Wmy4Ho20 iHmenekmy, a came memodie knacmepu3sayii. OnucaHo
Halikpawul ma Hateipwud sunadku exiOHUx daHux 0ns 3adayi. OcCHO8Ha idesi 3arpornoHO8aHO20 Memody
rionsizae y MoKpoKosili Knacmepu3auii HeoyiHeHux eidnoegideli pecrioHOeHmie ma subopi xapakmepucmu4HOI
8i0noeidi 3 Halibinbwo2o Knacmepa 0551 Py4HO20 OUjiH08aHHs ekcriepmom. CghopmyibO8aHO NMOHAMMS
Xxapakmepucmud4Hoi 8idnoeidi pecrioH0eHma ma po3pobrieHo MemoO ii subopy Ha OCHO8i HOpMaribHO20 3aKOHY
posnodiny sidcmaHel y Mexax Kiacmepa. 3arnpornoHoeaHo asmomMamu4HO OUiHr8amu HeOUHEHI 8i0nosidi
WITISIXOM 3Haxo0XeHHS MiHiMarnbHOI eidcmaHi 00 ouiHeHux gidrnoeidell. HasedeHo pe3yrnbmamu rnpoesedeHux
ekcriepumMeHmarbHUx 00CiOKeHb, WO rnons2anu y subopi Habopy OaHux, memody eekmopu3auii ma Memoody
Kknacmepu3auii. HasedeHo rnopisHsbHi mabnuui ma epaghiku sukopucmarHsi pisHux memodis. [NposedeHi
oocnidxeHHs eMnipu4HO dosesiu adeksamHicmb po3pobrieHUX MamemMamu4yHuUx modesiell ma memodie ma ix
He3anexHicmb 8id ocobriugocmeli KOHMeKcmy 3anumatsb i 8idrnogideli ma ocobnusocmel pecrioHOeHmi8,
makKux sIK KpaiHa rnoxodxeHHs abo NpoxueaHHs1 pecrioHOeHma, Mo8a Crifiky8aHHsI, NepCoHasibHUX
ocobrniusocmedl. Po3pobneHi modesni ma Mmemodu MOXymb 8UKOPUCMO8Y8amuCh 8 cucmemax ducmaHuitiHo2o
HaeyaHHs 8 skocmi nidmpumku pobomu guknadaya.

Knto4yoBi cnoBa: ouiHOBaHHSA BiakpUTUX BigNoBigen, 06pobka TEKCTY, BENUWKI AaHi, KnacTepu3aalisi, BigcTaHb
>Kakkapa.

Beryn

B cydacHOMYy CBITI OCBITHI MOCIIYTH CTaIIM TII00AIEHUMHU, MOOUTFHUMHY Ta JOCTYITHUMH Maike yCiM.
Buknamadi mpalfforoTh B ayJJUTOPIsSX Ta OHJIAWH. Bennky nomyssipHicTh 3700y HaBYalbHI OHJIAIH-
wiaThOpMH, Ha SIKUX CITyXadi 00MparoTh KypCcH, AUBIATHCS BiJieo-MaTepiaiu, MPalioloTh Y BIpTyalbHUX
naboparopisx Toio. HeBiji’eMHOO YaCTHHOIO HABYAHHS € MPOLIEC OIIHIOBaHHS 3HaHb. HalOIbIn
MOIYJISPHUMHU BHJIAMU 3aBJaHb € TECTOBI 3alIMTaHHsA 3 OJIHIE0 a00 OararbMa MPaBUIBHUMU BIJATIOBIIAMHU.
OriHIOBaHHS TaKUX BiNOBIiIEH BiI0yBa€ThHCA MIPOCTHM CITIBCTaBJICHHSM 3 Hallepe/1 3a3HaueHO0
MIPABIIILHOIO Bi/MTOBiITI0, BOHO € 00’ €KTUBHHM Ta IBUIAKAM. Ha BiqMiHy BijJ TECTiB, BIAKPHTI 3alTUTaHHS
BUKOPHUCTOBYIOTECS PilllIe, OCKITBKH HEMOXIIMBO C(hOpMYJIIIOBAaTH yHIBEpCAIbHY NPABMWIBHY BiJIOBIAb.
Taxox OyBalOTh 3alMTaHHs, 3a JOMOMOTOIO SIKUX BUKJIaJau CIIOHYKAa€E CTYACHTA IO BUCIOBJICHHS BJIACHOT
MIO3HIIiT 3 TOTO UM IHIIOTO MMUTAHHS, Ta Ha SIKI HE MOXe OYTH «HEMPaBUIIBHO» BIINMOBII. Bigkpuri
3aMMUTaHHs MOTPEOYIOTh 1HAMBIAYaIbHOTO PYYHOr0 OL[IHIOBAaHHS BHKIanadeM (ekcrepToMm). CKIIaaHICTh
OLIIHIOBAHHSI HAMIPSIMY TIOB’s13aHa 3 KUIBKICTIO ONMUTYBaHKX (pecronaeHTis) [1, 2].

Memoio pobomu € po3po0JICHHS MaTeMaTHYHOT MOJIEIII MPOLIECY OI[IHFOBAHHS BIAKPUTHX BIANOBIiAEH Ta
METOJly BU3HAYCHHS ONTHMAJIbHOI OC/III0BHOCTI BiJIOBIICH, SKY HEOOXiTHO OLIIHUTH BPY4HY, 100 Ha iX

99



ISSN 1997-9266. BicHuk BiHHMLBKOrO NoniTeXHiYHOro iHCTUTyTy. 2014, Ne 1

OCHOBI OLIIHUTH BCl 1HIII HEOLIHEH] BIAMOBIII.

Pe3yabTaTu gociaixxeHHs

Buxonaemo moctaHoBKy 3aiadi. Hexait € MHOXKHMHA BiIOBIA€Y pECTIOH/ICHTIB Ha JIESKE MATAHHS:

A ={ay,a,,as,..,a,}, (D)

JIe N — KIIBKICTH BIAMOBIAEH Ha 3aIIUTAaHHS.

Bcero MHOXHHY A € CyTIepMHOKHHOIO MHOXKHH OIIIHEHUX BiAmOBine# E Ta HeomiHeHUX Bimnosine U, Takmx
110

EnU = ¢,
EuU = A. 2)

Enement 3 MHOXMHU U MOXHa aBTOMAaTHYHO TIEPEHECTH Y MHOKHHY E, SIKIIO iCHY€E Takuii €IEMEHT €y, 0
Bigcranb d (U, €,) < dpmin, 1€ dpyin — TOPOroBa MiHIMAIILHO JIOITYCTUMA BiZICTAHb MiJK €JIEMEHTaMH, 11100
MOKHA 0yJI0 BB)KaTH iX 1IEHTUUHUMH Ta MPUCBOITH U; TaKy CaMy OILIHKY, SIKOIO OLIIHEHO €y, .

[ToTpiOHO 3HalTH TaKy BIOPSAAKOBaHY MiIMHOXKHHY €IeMEHTIB MHOHHU U, sika Bpy4Hy Oy/ie ITepeBeicHa y
MHOXUHY E, 11100 3aJIMIIOK HEOI[IHEHHX €JIEMEHTIB TIEPEHECTH Y MHOKMHY OLIIHEHUX eJIEMEHTIB
ABTOMATHYHO.

s po3B’s13aHHS MOCTaBJIEHOT 3a1a4i 0y0 po3po0IeHO METO, 110 TIOJISTAE Yy 3HAXOKEHHI KIIacTePiB cepet
BIJINOBIICH PECTIOH/ICHTIB 32 MiHIMAJILHAM MIOPOrOBUM 3HAYEHHSIM BiJICTaHi MiX Bianosimxsamu [3-5]. Bxiani
JIaHi:

- Hexall € MHOKUHA 00’ €eKTiB U, 1e KOXKHUIA 00’ €KT MPEICTABICHUI Y BUIIIS/I BEKTOPY O3HAK y

npocropi o3Hak R%;

- HEOOXIJHO 3HANTH pO30UTTS 1€l MHOXKUHU Ha Kk kiactepiB Cy, Cy, ..., Cy, TOOTO

U= CUCU..UC, CNC =0 Vi+j. 3)

Haiikpariumii BUNaioK: BCi elleMeHTH MHOKUHHU U YTBOPIOIOTh OJIMH KJIACTEp, Ta OLIHKA OZHI€T BiAMOBIII 3
i€l MHOXXHHY TIPU3BEJIE 10 aBTOMATHYHOT'O OI[IHFOBAHHS BCIX 1HIIKX BiJIOBIIEH.

Haiiripmmii Bunagox: exeMeHTH MHOKMHN U yTBOPIOIOTH TaKy KiNBKICTb KJIACTEPIB, IO

|C;| = 1Vi.
e BumamoK, KOJIX BC1 BIANOBII Pi3Hi, HAPUKIIA 1€ BiIIOBII HA 3aMTAHHS PO NIEPCOHAIIBHI JIaHi
pECTIOHICHTA.
KiTr090BUM MOHATTSIM € MTOHATTS O0YKMCICHHS B1ICTaHI MK BIAMOBIAAMU. OCKUIBKY BIAKPUTI TUTAHHS HE
nepeadavaroTh MOBHOTO CIIBIAIHHS 3 BPaXyBaHHIM MOPSIKY CIIiB Y PEUSHHI, TO PEKOMEHIYEThCS
BUKOPHCTOBYBAaTH Binctanb YKakkapa [6-7]:

|ANB|
|AuB|’

d;(4,B) =1—

e A1 B — MHOXKHHH CIIIB B TEKCTaX BlAIOBIIEH.

(4)
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JIutst T ABHINEHHST HAAIHHOCTI TIOPIBHSHHS MIPOIIOHYETHCS ITiJ[ CIIOBAMH PO3YMITH N-rpamu TecTiB (n < 3)

[8].

3anpornoHoBaHuit MeTo1 0yJI0 peai3oBaHO Y BUTIISAI porpamMu MoBoto Python 3 BUKOpUCTaHHSM MakeTy
scikit-learn [9]. B sikocti Habopy nanux Oyno BukoprcTaHo Habip ASAG-Dataset [10]. HaGip ckinamaetbes 3
17 3anmTanp, Ha SKi JaBaIX BiATIOBi 38 CTYAEHTIB, 3arajbHa KiTbKICTh BiAMOBIAEH 646.

BucHoBku
IIpoBeneni mocimipKeHHs TOKa3alH, [0 3alpPOIIOHOBAHUI METO/ JO3BOJISIE CITPOCTHTH TPOIIEC OI[IHIOBAHHS
BIZIITOBiICH PECTIOHACHTIB Ha BiIKPUTI MUTaHHA. MeToa € MOBOHE3aJIC)KHIM Ta JO3BOJISIE aBTOMATHIHO
OIIIHFOBATH BiJIMOBi/Ii 3 00PaHOIO TOYHICTIO. B SKOCTI MOAANBIIMX TOCTIIKEHb TUTAaHY€E€THCS PO3pOOKa
METOJIy IIBHAKOTO OOYHCICHHS BiJICTaH]I MK TEKCTaMH JIOBIITHHOI JOBKIHH.
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TI'puwyx Temsana Bikmopiena — xaHJ. TeXH. HayK, JOLEHT, JOLEHT KadeIpu KOMI IOTEPHUX CUCTEM YIPABIiHHS.

BiHHNIBKHI HaliOHATEHAHN TEXHIYHUN YHIBEPCUTET

T. V. Gryshchuk?

Optimization of the process of assessment of open feedbacks of respondents by
means of artificial intelligence

Vinnytsia National Technical University

In this work, the characteristics of the task of assessment of respondents' answers, the main types of answers to questions,
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the advantages of using open-ended questions are emphasized, and the main problems of evaluating answers to such ques-
tions with a large number of respondents, taking into account their characteristics, are considered. The report discusses vari-
ous methods of presenting a verbal response in vector form. Various metrics for calculating the proximity between individual
answers are considered and a method for calculating the distance between respondents' answers based on the modified Jac-
quard distance is proposed. The proposed distance takes n-gram proximity into account. A mathematical model of the evalua-
tion process is proposed in the form of an optimization problem, which consists in finding the minimum sequence of respond-
ents' answers, which the expert needs to evaluate, so that the average distance between unrated answers and rated answers
does not exceed the threshold value. A method of solving the optimization problem using artificial intelligence methods,
namely clustering methods, has been developed. The best and worst case of input data for the problem are described. The
main idea of the proposed method is the step-by-step clustering of unrated answers of respondents and the selection of a
characteristic answer from the largest cluster for manual evaluation by an expert. The concept of the respondent's character-
istic answer is formulated and the method of its selection based on the normal distribution law of distances within the cluster
is developed. It is proposed to automatically evaluate unrated answers by finding the minimum distance to rated answers. The
results of the conducted experimental studies, which consisted in the selection of the data set, the vectorization method, and
the clustering method, are given. Comparative tables and graphs of the use of various methods are given. The conducted
studies empirically proved the adequacy of the developed mathematical models and methods and their independence from
the specifics of the context of questions and answers and the characteristics of the respondents, such as the country of origin
or residence of the respondent, the language of communication, and personal characteristics. The developed models and
methods can be used in distance learning systems as support for the teacher's work.

Keywords: assessment of open responses, text processing, big data, clustering, Jaccard distance.
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