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Mojesib mMTaHHSI B IPUPOIHO-MOBHHX CHCTEMAX
TECTYBaHHS

B cratbe paccMaTpHBaeTCsi IpodJieMa reHepPUPOBAHHMST BOIIPOCOB B CHCTEMAaX KOMIIBIOTEPHOTO TECTHPOBAHHMS
sHanuit. [IpemyioxkeHa Mofeb BOMPOCA, YUHTHIBAIONIASI COCTABJSIOIME MPEIMETHOM 00JacTH BOMpPOCA H
TEeKyIIHe TapaMeTpbl TeCTHpoBanHsl. [IpeacTaBieHa CTPYKTypHasi cXxeMa Iporecca (POpMHPOBAHHST BOIPOCA.
KuroueBble ci10Ba: cucTeMa TeCTHPOBAHHS, MOJIENb BOIIPOCA, ECTECTBEHHBIH SI3bIK, MapaMeTphl
TECTUPOBAHHSI.

The problem of question generation in computer knowledge testing systems is considered. A question model,
which takes into account the components of the question problem domain and current testing parameters, is
proposed. The block diagram of the question formation process is considered.

Key words: testing system, question model, natural language, test parameters.

Y crarTi posrisgaeTsesi mpodsieMa MOJENIOBAHHS MHTaHb y CHCTEMaxX KOMITIOTEPHOTO TECTYBAaHHS 3HaHb.
3anpornoHOBaHO MOJIeNIb THTAHHS, MO BPaxOBYe CKJAJOBI MpPEAMETHOI 00JacTi NMHUTaHHS Ta MOTOYHI
napaMeTpH TecTyBaHHsI. HaBeneHa cTpyKTypHa cxema npouecy hopMyBaHHS HTaHHS.

KmouoBi cioBa: cucrema TCCTYBaHHS 3HAHb, MOJEJIb IMHTAHHS, TPHPOJHA MOB4, IMapaMETpH
TECTYBAHHS.

BBenenue

OpHoM M3 3agay, pelmaeMbIX MPH MOCTPOEHHH CHCTEM KOMIIBIOTEPHOIO KOHTPOJISI
3HAHWH, SIBJISIETCs! 3a7ada (pOPMHMPOBAHHS HE MOBTOPSIOMMXCS HaOOpPOB BOIPOCOB (Habopa
TecToBbIX 3amgaHui). HeobxomumocTs ¢hopMHpOBaHHSI pasHbIX HAOOPOB TECTOBBIX 3aJIaHUM
o0ycCJIOBJIEeHa TeM, 4TO OOyyaeMbli MOXKET MpPOXOAUTb TECT MO OJHOM M TOH Xe TeMe
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HECKOJIbKO pas. [Ipu 9TOM HernpaBHIbHBIE OTBETHI HA OJIHH H TOT K€ BOIPOC MOKHO 3alIOMHHTD
W 3aTeM MCKJI0OYaTh HX IPH TOBTOPHOM TECTHPOBAaHMH. B TpOCTEHNIMX CcHCTeMax
KOMITBIOTEPHOTO TECTUPOBAHHS 3HAHUH, HAOOP 3aJaHui (POPMHUPYETCsI CITy4alHbIM 00pa3oM U3
MHOECTBa alpHOPHO 3aJaHHbIX BOMpPocoB. PopmHpoBaHHe HAOOPOB 3aJaHHUM TaKHM
crocobom TpeOyeT OOJBIIOro KOJMYECTBA BOIPOCOB H HX (POPMYJIMPOBOK, & 9TO SIBJISETCS
TPYJIOEMKOH pabOTOH U OBOJILHO CYOBeKTHBHOH. Kpome 9TOoro, mpH CO3IaHWH aqanTHBHBIX
CHCTEM TECTHPOBAHHSI pEaTH3allkdsl MEXaHHW3Ma CJIOKHOCTH BOMpOCAa TaKXke TPyNOeMKa H
cyOpekTHBHA. B pesysnprare BO3HHMKAaeT HEOOXOOUMOCTb  HCIOJIb30BAaHHSI METOJIOB
TIO3BOJISTIOIIMX TEHEPHPOBATH BOMPOCH aBTOMATHUYECKH B XOZIe paOOTHI CHCTEMBL.

Llenblo cTaThu SIBNISIETCS TOBbIEHHE 3(P(PEKTHBHOCTH CHCTEM TECTHPOBAHHSI 32 CUET
ABTOMATHUECKOTO TEHEPHPOBAHHSI BOMPOCOB HAa ©CTECTBEHHOM SI3bIKE C YUeTOM IeJieH
TECTHPOBAHHMSI M TEKYIIIEr0 COCTOSIHHUSI MPOIecca TeCTHPOBAHHSI.

Mertoabsl  ¢opMHpPOBaHHSI  BONPOCOB B CHUCTEMax
KOMITBIOTEPHOTO KOHTPOJISI 3HAHUH

Camplii  pacnpocTpaHeHHBIH croco0 (pOpMHUpPOBaHHST TecTa TPH MHOTOKPATHOH
MPOBEPKE 3HAHWM SIBJISIETCSl CJAY4YalHbIM BBIOOp 3apaHee 3aJaHHbIX B Oase naHHbix (B]I)
BOMPOCOB. B HEKOTOpBIX CHCTEMax MJig paCHIMPEHHs] KOJIMUECTBA BAPHAHTOB 3adAHUH
CyIIECTBYEeT BO3MOKHOCTb TeHepHpoBaHHsi BompocoB. Hampumep, B cucteme TeachLab
peaM30BaHa BO3MOXHOCTb T'€HEPHUPOBAHMSI YHUCJIOBBIX MapaMETPOB B 3afaHHsIX. BO3MOXKHbBI
pa3JIMuHble BapHAHTBl F€HEPALMH 3a[JaHWM, OJUH M3 KOTOPBIX 9TO TE€Hepalusl mapameTpoB B
3aJ]aHMSIX (OJJHOT'O MJIH HECKOJIBKHX) [1].

Jpyrum nogxonoMm sIBJsIETCSl MOOXO[, OCHOBAHHBIA Ha MCIOJIb30BAaHUH IIA0JIOHOB [2].
B cucreme KOHTpOJISI 3HAHMM NPHCYTCTBYET OJIOK «(OPMHPOBAHHSI TECTOBBIX 3adaHHUI»,
KOTOPbIM Ha OCHOBE 33/1aHHBIX MAOJI0HOB (pOPMHUPYET 3aJaHHe. DTUMHU MAaOJIOHAMH SIBJISIOTCSI:

1. ITabnonsl 6a3oBoro 3samanHus: «JladTe oOIpeneaeHHE MOHSATHIO X», «3aluLIUTe
onpenesnenue X», «Chopmymupyirte Teopemy X», rae X — HEKOTOPOE MOHSTHE JUCLMIUIMHBIL,
KOTOPOE sIBJISIETCs Oa30BBIM [IJIs1 pACCMAaTPUBAEMON TPOUKH 3aJaHHH.

2. IITaGioHbsl BCHOMOraTesbHOrO 3adaHus: «OIUHAKOBBHI JIM TOHATHS Z H Y 7»,
«Bpruncimre Y», «lIpumvenure onpenenenue Y IS pelieHds 3agaud Z» U T.4., roe Y, Z
orupaeTtcsi Ha 6a30BOe MOHSITHE.

3. IlTa6nons! pasBuBaioniero 3aaanus: «IIpuBeauTe mpUMepsl 2JIEMEHTOB KJlacca Z».

3aganusi, (popMUpPYIOIIHECS] HA OCHOBE MIAOJIOHHOTO METOJA, BU3YaJIbHO OTJHUYAIOTCS
ToJIbKO MapamerpamMH X, Y, Z. M3venuB napametp B «IIlabnoHe 6a3oBoro 3ajiaHusi» B OTBETE
NoJb30BaTeio MOTpedyercss naTb Opyroe omnpeneneHve. [ias  3amaHud, KOTOpbIe
OCHOBBIBAIOTCSI HAa BBIYMCJIEHHH N0 (hopMyJiaM, XOJ pelieHus 3agaun coxpansiercst. [Ipu stom
IUIs1 3aJaHUH HA BBIUKCJICHHUE BO3MOKHA I'eHEpalysl BOIPOCOB C PA3JIMYHBIMU [TapaMETPaMH, HO
¢ euHUM O0TBeTOM. OJHAKO MPHUMEHEHHE TAKOT0 MOAXO0JA B CHCTEME TECTUPOBAHHS PHBOANUT
K HEOOXOAUMOCTH OTpaHHYEHHsI TApAMETPOB:

—[1J151 YUCJIOBBIX MAPAMETPOB 3TO IHANA30H 3HAUCHUH;

—IJ1s1 HE YMCJIOBBIX MApaMETPOB 9TO IHANa30H 3HAUCHHH, 3aJaHHbIA MIEPEUHCIICHHEM, U
HCKJIIOUEHHSIMH.

«HckyccTBeHHBIM HHTEIUIEKT» 372012



Modenw eonpoca 8 eCmecmeeHHO-513blKO8blX CUCNemax mecmuposarust 33

[IpencraBieHHbIM MOAXOJ HE MOKPHIBAET BCE M3BECTHBIE KJIACCHI BOMNPOCOB, OJHAKO
SIBJISIETCSI  IOCTATOUYHO KOHCTPYKTHBHBIM JJISI T€HEPHUPOBAHHUSI BOIMPOCOB HEKOTOPBIX
TCITUTLTHH.

st mpumepa pacCMOTPUM BOITPOCHI M3 JUCUMIUIMHBL «bronorus». «B uem coctout
Ouosioruueckasi posib Kuciopoga?», «B uem cocTOUT CyTb 3aMTHON (DYHKLHMH KHCJAOpoaa?»
«[Ipy KakoM MHHHUMAJIBHOM COJEpPKAHHUHM KHCJIOPOJAa B BO3QYXE BO3MOXKHO [JbIXaHHE
yenoBeka?», «K Kako# rpyrmne XUMHUECKHX 3JIEMEHTOB OTHOCHUTCSI KHCJIOPOA?». JlaHHbIHA
P10 BOIPOCOB MOKPBIBAETCS NMPEICTABICHHBIM Bblllle HAOOpPOM 11a0JI0HOB. Clie1yeT OTMETHTD,
YTO C CHCTEMHOM TOUYKH 3PEHHs], 9TOH TpYIMIOH BOMPOCOB OrPAHHUUMBAECTCSI HEKOTOPAS
npeaMeTHass 00J1acTh AUCIMIUIMHBL. B IaHHOM ciyyae AaHHBIMH O (PYHKIHMSIX U CBOMCTBax
KHUCJIOpOJa [UIsl IIKOJIbHOH Ouosiornd. DyHKIMH KHUCJIOpPOJa MOXKHO pPacCMaTpUBATh Kak
MOHSATHUSL X, €r0 CBOMCTBA, KOTOPbIE MOKHO BBIPA3UTh UHCJIEHHO, KaK Y. Takum oOpasom, ajis
ABTOMATHUECKOHW TeHepaldd BOMpoca HeoOXOJuMa OHTOJIOTMYECKasi MOJENb HEKOTOPOU
NpeJMeTHOW 00JIaCTH [UCUMIUIMHBL, BKJIOYalomed OOBEeKTh X M HMX CBOWCTBA Y, H
€CTECTBEHHO-SI3bIKOBAsI MOJIEJb, OINpPENeSIomasl MPHHLMIbBI MOCTPOEHHUST TEKCTa BONPOCA H
cnocoObl BbIpakeHHst X U Y € MOMOIIbIO ecTeCTBEHHOT O sibika (EST).

IToctanoBka 3ajgauyn

Ha npumepe BompocoB mo OHOJIOTHM BHIHO, UTO BCE OHHM OTHOCSATCS K OUEHb
OTPAaHUYEHHOM TMPEeJIMETHOM O0JIACTH IUCUMIUIMHBI MW B paMKax YyueOHOM AUCIMIUIMHBI
MPaKTHYECKH HE CBSI3aHbI C IPYTUMH MpeIMETHbIMU 00JacTsiMU. HazoBeM Takue rnpeaMeTHbIe
00J1aCTH TUCUMIUIMHBI mpeaMeTHOH o0nacTbio Bompoca (IIOB). OtmeTnM, uTo reHepauusi
BOIPOCA HE SIBJISIETCS] OKOHYATEJIbHOM LEJIbl0 TecTUpoBaHWs. Ha Bompockl Hago OoTBeYath U
OLIEHUBATb OTBET. [lJis aBTOMaTHUECKON OLEHKH OTBETA HAa OJIMH U3 BUAOB BOIpOCca (BOMPOC Ha
nepeurciiende) B [3] mnpemyaraeTcss CMbICJAOBasE MOAEIb OTBETa, IOCTPOEHHAsl Ha
OHTOJIOTHYECKOH MOJEJIH OrpaHMYEHHOW MpEeAMETHOH OOJacTH JWUCHHUIUIMHBI U SI3BIKOBOM
Mojier oTBeTa. PaKTHUECKH B HalleM ciydae U B [3] peub B IeJIOM UAET 00 OJTHOH U TOH ke
npeAMETHON 00JIaCTH. DTO O3HAUAET, UTO OHTOJIOTHYECKHE WIIH CMBICJIOBbIE MOJIEJIH BOIIPOCA U
OTBETA UIEHTUYHBI, @ OTJIMYAIOTCS SI3BIKOBBIMH MOJEJISIMH T€HEPUPOBAHHSI BOIIPOCA U MOJIEJIBIO
aHasM3a oTBeTa. BripaxkeHue «CMbICI0Bast MOJIES b AUCIMIUIHHBL> Mbl BBOJUM ISl TOTO, UTOOBI
He ObLJIO TMPOTHBOPEUYHMH MEXIYy AWCUMIUTMHAMH. Hanpumep, B MOBCEJHEBHOM KHU3HH Mbl
Ha0JII0JaeM, UTO COJIHLIE BOCXOIHUT U 3aXOJHT, T.€. Halll OMBIT TOBOPHT, UTO COJIHIIE BpaIlaeTcs
BOKPYT 3eMJIH, a B aCTPOHOMHH Hao0opoT, 3emsi Bpamaetcsi BOKpYr CojHua. ITo O3Hayaer,
YTO B CO3HAHHH UEJIOBEKA, [JIs OJHOM U TOM K€ OObEKTUBHOM PEaIbHOCTH (HE 3aBUCSIIIEH OT
CO3HaHHSs1) MOTYT CYIIECTBOBATh ABE U 00JIee CMBICJIOBBIE MOJIEH. DTO MPUBOAUT K TOMY, UTO
OTBETHI HA OJJMHAKOBYIO SI3bIKOBYIO (DOPMYJIMPOBKY BOMpoca OyIyT He TOJIBKO pasiHyHbl, HO U
AUAMETPATBHO MPOTHUBOIOJIOKHBIMH.

B Teopun KOMITBIOTEpPHOTO KOHTPOJISI 3HAHHUH TPH BHIOOPE BOTIPOCOB YUHUTHIBAETCSI PSIIT
KOJIMYECTBEHHBIX XAPaKTEPUCTHK, KOTOpble MOTYT CIYXHUTh AJis1 BbiOOpa B pamkax [1OB
OIMpeJieJIeHHbIX ~ CMBICJIOB, OTJIMYAIOMIMXCS  CJIOKHOCTBIO M JAPYTMMH  TapaMeTpamH,
HCTIOJIb3YEMBIMHU JJIsl OLIEHKH B PasHbIX PEKHMOB TECTHPOBAHHS (OKOHUYATEIbHOE, HAUaJIbHOE,
NPOMEKYTOUHOE, JIMUHOCTHOe W Ap.) [4]. OnpegenmM 9TH nmapaMeTpbl Kak TEKyLIHe
napameTpbl TECTUPOBAHUSI.

Tekynme napameTpbl TECTHPOBAHHS — HAOOP MpaBuJl (PAaKTOB U AAHHBIX, B KOTOPBIX
YUHUTBIBAETCSI UCTOPHUSI MMPOXOXKIEHUSI TECTUPOBAHHUSI, CJIOKHOCTD BBITIOJIHEHHBIX TECTOB, BpPEMSI
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BBINIOJIHEHUSI 33[JaHUM, CTAaTHUCTUKA MO TMpPaBWIbHBIM OTBETaM, KOJHMYECTBO MOMBITOK
MPOXOKJAECHUS TECTA U Ip.

Takum oOpazom, 3agaua (OPMHUPOBAHHSI €CTECTBEHHO SI3BIKOBOTO  BOIpOCa
3aKJII0YAeTCs B creAyomeM: o Mmoaesau cmeicia [1OB, onpenesnsiiomein MHOKECTBO 9JIEMEHTOB
[TOB ux CBOHCTB, OTHOIIEHHH U (DYHKLIHH BHIOPATh CMBICI, yIOBJIETBOPSIIOMINH 9TOH MOJEIH C
YUETOM TEKYyHMHX NapamMeTpoB TECTHPOBAHHS, M IJIsI HErO Cr€HEPHPOBaTh I'PAMMATHYECKH
npaswibHbl ES Tekct Bompoca. Ilon renepupoBanvem Oynem MOHMMaTb MOP(POIOrHYECKOE
COIJIACOBAHHE JIEKCEM B BOIIPOCE U COOTBETCTBHUE TEKCTa BOMPOCA CHHTAKCHCY SI3bIKA, B TOM
YHCJIE PACCTAHOBKE 3HAKOB ITyHKTYaLHH.

Mogesp Bonpoca B €CTECTBEHHO- SI3bIKOBBIX CHCTEMAX
TECTUPOBAHUS

B cooTBeTcTBHM C NMOCTaHOBKOM 3aJaud OIpeAes]dM MOJEb BONpOCa B BHIE
TPOHKH:

0 = (SOM, NLOM, TPT)

rjae:

SOM — cMbicioBast (OHTOJIOTHUECKAsT) MOJESb BOMPOCA;

NLQM — s3pIKOBasi MOJEJb BOIPOCA.

TPT — npaBuna hbakThl U JaHHbIE TEKYIIUX COCTOSIHHSI TECTUPOBAHUSI.

CwmpbiciioBasi Mogenb Borpoca SM ompepesnisieT 00beKT uiau o0bekTol [1OB, nx
CBOWICTBA U AWana3oHbl CBOUCTB. [laHHAs MOAEsb CTPOUTCS HA OCHOBE U3BECTHBIX METOJOB
NpEeICTABJICHHS 3HAaHUH B HICKYCCTBEHHOM HHTEJUIEKTE M UX KOMOHWHALUHM B 3aBUCUMOCTH OT
THINA AUCUMUIUIMHBI U HE 3aBUCUT OT €CTECTBEHHOTO SI3bIKA.

SA3pIKOBast MOJEb BOMPOCA OMPEAETICHA B BUIE TPOUKH:

NLQOM = (LS,, D, RLD)

rjae:

LS, — MOAMHOXECTBA JIEKCEM M COYETAHWH JIeKceM (CHMHOHMMBI M MeTadopbl) B
OCHOBHOHM Mopdosioruueckor ¢opme, 0003HAYAIIHX 9JIeMEHTbl MHOXKECTBA MPEIMETHOU
00J1aCTH U UX CBOMCTBA; 1 = I, ... N — KOJIMYECTBO 9JIEMEHTOB MPEeIMETHOH 00J1aCTH;

D, — noAMHOXeCTBa JOMOJIHUTEJbHBIX JIEKCEM H HUX COUYETaHWUH (BOMPOCUTEJIbHBIE
CJIOBa, CHHOHMMbI, MeTa(opbl © UAUOMBI) COOTBETCTBYIOIIETO mabioHa Bompoca; kK = 1, ...
3, YCUJIHMBAOIIHE SI3bIKOBYI0  BBIPA3UTEJIBHOCTh TEKCTa BOMPOCAa B  OCHOBHOM
MopdooruuecKkon popme;

RLD — MHO)%ecTBO MOP(OJOTHUECKHX U CHHTAKCHUECKHUX MPaBHJI, ONPeaeIsIOmMIX
coueTanus Jiekcem u3 LS, u D;, B TEKCTE BONPOCa;

[Tpouecc ¢popMHpoBaHUs BOITpoOca

B paMKax HpC,HJIO)KCHHOfI MOACJIM Ha pI/ICl NpeaAcCTaBJICHbl OCHOBHBIC 3Tallbl
npouecca aBTOMaTHUCCKOTO rCHEPUPOBAHH A BOIIPOCA.
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3anpoc

IOJIb30BATECJIA
l v TPT

Onpenenenue mabdioHa BOMpoca

v

— = Ornpeie/ieHHe TEKYIIEero CMbICIa |
BOMpoCa
®opMHpOBaHHE TEKCTA BOMPOCA m

lTeKCT BOMpoOca

PucyHnok 1- CTpykTypHasi cxema Ipolecca reHepupOBaHHsl BOIIPOCa.

Ha nmepBoM 9Tame mo OaHHBIM TEKYyLIEro TECTHPOBAHHUsI onpejessieTcsl IalsoH
Bonpoca. Ha BTopoM 9rtane no mogenn SQM omnpepensieTcsi TEKYLIMH CMBbIC], KOTOPBIH
OKOHYATEJIbHO YYHUTBIBAET J[AaHHble TeKymero TtectupoBanusi. Ha Tpetbem 9Tane
(hopmupyeTCsl TEKCT BONPOCA, YUUTHIBAIOIIMH JIEKCHUKY MAHUCLMIUIMHBL, THI IMa0JIOHA
BOIIPOCA U YPOBEHb TECTHPYEMOTO.

BriBO1BI

1. Hpe)maraeMa;[ MOJIECJIb ITO3BOJIACT OTKA3aTbCA B CHCTEMAX TCCTHPOBAHHUS OT
CJ'Iy‘IB.fIHOFO BI>I60pa BOITPOCOB U3 MHOKECTBA AlIpUOPHO 3aAdHHBIX BOIIPOCOB.

2. CMbIC/IOBasi M SI3BIKOBAsI MOJCJIM, a TaK¥Xe€ MOAYJIb TEKYIHUX IapaMETpOB
TECTUPOBAHHA, MOTI'YT COBEPIICHCTBOBATBCA B MPOLECCEC SKCILTyaTallUH U HCIIOJIb30BATHCA
IJIA TIOCTPOEHHUA CUCTEM TECTHPOBAHUSA PA3JIMYHOIO HASHAUCHUSA U CIIOKHOCTH.
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A.S.Zvenigorodsky, V.N. Chernishova

Question model in natural language test systems

The paper purpose is an increase the test system effectiveness by using the automatic
generation of new questions which takes into account the components of the question
problem domain and current testing parameters.

In accordance with the paper purpose the question model we defined as triplet:

Q = (SOM, NLOM, TPT)
where:
SOM — sense (ontological) question model;
NLQM — natural language question model,
TPT — current testing parameters.
Sense question model (SOM) is defined objects of question problem domain and
their properties and property ranges.
The natural language question model (NLOM) we defined as triplet:

NLQOM = (LS,, D\, RLD)

where:

LS, — a subsets of the lexemes and lexeme combinations (the synonyms and
metaphors) in the main morphological form, denoting entity domain elements and their
properties; n = I, ... N —a number domain element;

D, — subsets of the additional lexemes (the synonyms and metaphors) in the main
morphological form, that relevant to each question types; k = 1, ... 3 — number of question
types;

RLD — a set of morphological and syntax rules, defining grammatical rules of the
combination of the lexemes from LS, and Dy;

Current testing parameters (TPT) — set of data which take into account run-time tasks;
statistics on the correct answers; the number of attempts to pass the test; the complexity of tests
performed.

In accordance with offered model the block diagram of automatic generation of new
questions is proposed. The offered question model allows to use in question the synonyms and
metaphors. It also offered question model allows taking into account data on the current testing
parameters.

[MutnpoBanue:

3senuropoackud  A.C. / Mogenp Bompoca B €CTECTBEHHO-SI3bIKOBBIX
cuctemMax tectupoBanus. / 3enuropoackuri A.C., Yepupimona B.H.//
HckyccTBeHHbIM HHTEIUIEKT. — 2012, — Ne 3.
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