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IIpononyeTbess MeToauKa NepeBipKH 3aBJaHb 3 MaTeMATHYHHMX AWCHMILUIIH Mg 4ac
TeCTYBAHHSI B €JICKTPOHHHUX HABYAJBbHHMX cepeoBHINax. Po3pod/ieHO anroputM KOMIIOHEHTHOIO
aHAJ3y (pOpMYJIBLHUX BHPA3iB Ta iX iHAEKCYBaHHS JJIsi aBTOMATHYHOI 00po0KH. 3anponoHoBaHUMH
MIAXiX Aa€ MOKIUBICTD YPI3HOMAHITHUTH THITH TECTOBHX 3alIMTAaHb TA pealli3yBaTH iX NepeBipKy B
KOMII' OTEPHUX CHCTEMAX.

Kuro4oBi ciioBa: aBToMaTHYHMIL aHAJII3, TeCTyBaHHs, (POPMYJIbLHI BUpa3H.

Principles of knowledge examination of mathematical subject testing in e-learning
environments have been developed. Component analysis and formula expression indexing
algorithm for automatic analysis is suggested. This approach allows to diversify the types of
questionsfor consequent verification and implementation in computer systems.

Key words: automatic analysis, testing, for mula expressions.

Beryn

I3 BpaxyBaHHsAM MO3MLIKH BOIOHCEKOro mpouecy 3HauHa 4YacTHHA HABYAIGHOI AISUTBHOCTI CTYICHTIB
OpiEHTOBaHA Ha CaMOCTIHY poOoTy. OHaK caMOCTiiHA isUIBHICTE CTYJEHTIB NOTpeOye BiMIOBiAHOT opraHizawii
1 nunakTuyHOro 3abe3neueHHs. ExexrponHi HaBuaibHi cepenopuma (EHC) 3HauHO cripornyroTs 1ieid mporec,
TOMY OCTaHHIM 4acOM MOYaJIX LIMPOKO BUKOPHCTOBYBATHUCS B HABYAIBHOMY TIPOLIECI.

Sxmo mpoOiieMu OTpUMaHHS HaBUYalIbHOI iHGOpMAIii TpH EIeKTPOHHOMY HaBUYaHHI YCITIITHO
pO3B’SBYIOTHCS, TO TEPEeBipKa 3aCBOECHHS MaTepially 3allUINAcThes aKTyalbHOIO TpoOiemoro. Cepen
CIToCco0iB TIPOBENICHHS TECTYBaHHS MOKHA BHUIUINTH SK HAWBXHUBAHIII MMAepOBHN Ta KOMIT FOTEpHUMN
BapianTu. [Ipm mamepoBOoMy CHocoOi TeCTyBaHHS CTYIOSHTH OTPHMYIOTH apKylli Iamepy, Ha SKHX
HaJPyKOBaHI TECTOBI 3aBJaHHS, 3HAXOATh IPABIIBbHI BIIIOBiAl i MO3HAYAIOTH iX. BIIBIIICTH TTalIepOBHX
TECTIB pO3pOo0JICHO TakK, M0 TEPErisal apKyIliB, MEPEeBIpKYy MPABMIIBHOCTI BIAMOBIAEH Ta MiApaxyHOK
KUTPKOCTI HaOpaHux OaliB MOXXHa BHUKOHYBATH KOMII IOTEpHMMH 3acobamu. llpm Komm joTepHOMY
TECTYBaHHI CTyIEHT B3a€MOJII€ TUIBKHM 3 KOMII IOTEPOM, a KOHTPOJIOIOYHMHA BHUKIAJa4 MPAKTUIHO
BIJICTOPOHEHHUH SK BiJ pO3JaBaHHSA 3aBIaHb, TaK 1 BiJl OIIIHIOBAHHS iX BHKOHAHHI. BBakaeThcs, 110
KOMIT' FOTepHE TeCTYBaHHS € HaiO11bIll 00’ EKTUBHUM Ta TEXHOJIOTIYHUM 3ac000M OIiHIOBaHHs 3HaHb. EHC
MaroTh (PYHKIIIIO TECTyBaHHS 3HAHb, ajie, K MOKa3y€e MPaKTUKA, ii MOXIIMBOCTI JOBOJII OOMEKEHI 1 MalOTh
HU3KY HeloJIKiB. [IpakTHYHO B YCiX HABUAIBHUX CHCTEMAaX iCHYIOTh CTaHAapTHI 3aKPHUTI 1 BIIKPHTI popMHU
TECTOBHX 3aBJaHb. TecTOBi 3aBAaHHS 3aKpUTOI (YOPMH MIPONIOHYIOTH BUOPATH OJHY MPAaBUJIbHY BiJIOBiIb
13 JICKIIbKOX 3aIpONOHOBaHKX. HalmommpeHImMe py KOMIT I0OTEPHOMY TeCTyBaHHI 3HaHb € Taki GopMHu
TECTOBUX 3aBJIaHb 3aKPUTOTO THIy: MHOXKMHHHUI BuOip (Multiple choice), Bubip npaBuiIbHOI BiAMOBIdi
(BimmoBizeit) 3 MEeKiNMbKOX Ta MHUTAHHS Ha BiAMOBiAHICTE [1]. TecToBi 3aBmaHHs BiAKPHTOI (GOPMHU JAIOTH
MOXKJIMBICTh BUJIBHO KOHCTPYIOBAaTH BIiJMOBiIb a00 TOMOBHIOBATH (3aBEpIIyBaTH) YaCTKOBHI BapiaHT
BiJINOBi/li. BOHM HEe MICTATH 3alPONOHOBAHUX BapiaHTIB BiNOBiJIEH 1 BUKOPUCTOBYIOTHCS ISl TOTO, 1100
BUSBUTH 3HAHHS TEPMiHIB, O3HAau€Hb, MOHSATH, MOJAHMX y HABYAJIBHOMY Marepiaii. 3a 3MIiCTOM IIe
TBEP/UKECHHsSI 3 HEBIZIOMOIO 3MiHHOIO. BuUKopHcTOBYIOThCA TecT moBomi aktuBHO B EHC, 30kpema B
oesrnathiii  cucremi Moodle (Modular Object-Oriented Dynamic Learning Environment), sikoro
kopuctytoThesi y monan 100 kpainmax ceity. EHC Moodle mpoekryBanu BiANOBIJHO 1O CyYacHUX
NEeNaroriYyHUX BHUMOT: 3a NPUHLUIAMH 1 METOAaMH MisUTbHICHOTO AaKTUBHOI'O HaBYaHHS, OCOOMCTOI
CHPSIMOBAHOCTI, CHIJBHOI AISIIBHOCTI, KpUTHYHOI peduiekcii. B o3HadeHill cucTemMi BHKOPHCTOBYIOTHCS
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TECTOBI 3aBIAHHS 3 PI3HMM HaOOPOM 3anMTaHb (MHOXKMHHHII BHOIp), 3 BUOOPOM IMPaBHIILHO/HETIPABIUIEHO, Ha
BIIMOBIIHICTB, TIepe0adeHo KOPOTKY TECTOBY BIIIOBi/b, a TaKOXK 4YMCIIOBY abo oOumcioBaHy. Bei 3anmranns
30epiratoThes B 0a3i JaHUX 1 MOXYTh BUKOPHCTOBYBaTHChH IMOBTOPHO B IIbOMY a00 iHIIOMY Kypci. BaxmBoro
ocobmuBicTio Moodle € Te, 1m0 crucTemMa CTBOpIOE i 30epirac poboue CepeOBUINE KOKHOTO CTYJICHTA: BCi
BUKOHaHI HUM pOOOTH, OLIIHKH 1 KOMEHTapi BUKJIa[ada A0 pooiT, HOBITOMIICHHS Ha opymax.

Aje TpH TecTyBaHHI 3HaHb 3 NPUPOAHUYMX HAYK (POPMH 3aKPUTOTO THILY BHUSIBIAIOTHCS
Hee(DeKTUBHUMH, OCKITBKM BOHH HE IepeadadaroTh MEepPEeBIpKH IUIOTO PAAY 3aBAaHb, SKi Y pe3yJbTaTi
MaroTh (hopMyJIbHUI BUpa3. Bisble TOro, iIHKOIM, BiAMOBIAAF0YM HA TUTAHHS 3aKPUTOTO TUITY, PABHILHY
BiJITIOBi/Ib JOBOJII JIETKO 3HAWTH, MiICTABIISIFOYX BapiaHTH BIATOBIiEH B yMOBY 3ajadi.

TecTyBaHHS 3HAHDb 3 MATEMATHYHUX JMCIHUILIIH

3aco0u KOMIT FOTEpHOTO TECTyBAaHHS MOXYTh 3HAYHO TOJIETTIIUTA MOHOTOHHY ITEPEBIPKY PO3B’ A3KiB
BEJIUKOI KIIBKOCTI MAaTeMaTHYHHUX MPUKIIA/IIB i1 Yac pOOOTH 3 IUPOKOIO ayAUTOPIEI0 CTYACHTIB [2].

3a HiIbOBHM NPHU3HAYCHHSM TECTOBI 3aBJaHHS MOXKHA MOJUIUTH HA TEOPETHYHI (TepeBipka 3HAHb)
Ta mpakTh4Hi (MepeBipka BMiHb Ta HABHYOK). SIKiCTh TECTOBOTO iCITUTY 3aJ€XKHUTh BiJl YIIOPSIKYBaHHS
TECTOBHX 3aBJlaHb, iX TTIMOMHM 1 TOBHOTH OXOIUIEHHS Marepiaiy, IO Hijsirac KOHTPOJO. 32 JOMOMOTO0
MPaBUJIHLHO CKJIAJCHUX TECTIB MOKHA OIIHIOBATH HE TUTRKM YMIHHS BiITBOPIOBATH TEBHY iH(OpMaIlito,
ajie TaKoX 31CTaBIISATH, aHAJTI3yBaTH Ta IHTEPIIPETYBaTH (aKTH.

[lix yac BHM3HA4YeHHS PIBHA MIATOTOBKM CTYICHTIB 3 MaTeMaTHYHHMX IUCLUIUIIH OCHOBHY yBary
3BEPTAIOTh HA IEPEBIPKY BMiHb Ta HaBUYOK. OCHOBHMM THIIOM 3alMTaHb IPU LOMY € 3aBIAHHA,
BIJIMIOBiAb Ha AKi 337a€Thcsl y BUTILAL popmymnu. Sk Bxe Oyno 3a3HaueHo, B BOMY BHUIAJKY 3allTaHb
3aKpUTOTO TUIy HexocTaTHbO. IIpoTe, BHKOPHCTOBYIOUM 3alMTAHHS BIIKPUTOTO THILY, CTHKA€EMOCS 3
IHIIOI0 POOIEMOI0 — HEOAHO3HAYHOCTI ()OPM MPEACTABICHHS BiAMOBI/ICH, KOXKHA 3 SKHX € MPaBUIBHOIO,

1

00 onHY i Ty K camy (opMyITy MOXKHA 3aITUCATH TO-Pi3HOMY (HAITPUKIIA, (X_1 + yz)‘l abo———).
y +°
X
Oco6mnusictio Ginpimocti EHC (mampukian, omnwmcanoi Bumie cucremu Moodle) Tta BisyanbHHX
penakTopiB (opMyJbHHX BHpa3iB € Te, 110 BOHM HANKCAHI HA OCHOBI BIIKPUTOI'O KOAY, TOMY IX JTOBOJI
nerko Momudikysat [3]. Ile Moxke 3poOUTH BIACHUMHU CHJIaMH HAaBYANBHHWU 3aknaj. binpiie Toro, 1o
BUKOHAHHSI TaKUX IPOEKTIB MOXXKHA 3QIYYUTH CTYACHTIB, IO BOJIOMIIOTH BIAMOBIAHMMH HABHYKAMH
MporpaMyBaHHS.
Sk mpuKIia po3riasHeMo 3a7ady 3 JiHIHHOI anredpu.
3 scyeamu, uu moxcna mampuyro A zinitinoco onepamopa 3eecmu 0o diazonanvho2o uciAdy
WLAXOM nepexody 00 H08020 baszucy. 3Havmu yet 6a3uc i 6i0N0GIOHY UOMY MAMPUYIO, AKUO

-1 3 -1
A=-3 5 -1
-3 3 1

3po3ymino, 1m0 MpH BHKOPUCTAHHI 3amUTaHb 3aKPUTOTO THUIYy BHKJagad IMOBHHEH 3a37ajieriib
3a1aT KiJIbKa BapiaHTIB 0a3WCHUX BEKTOPIB Ta MiarOHAIBHUX MaTpPHIlb, HAa M0 BiH BUTPATHTHh 3HAYHO
OinpIIe yacy, HiJK Y BHIIQJIKY, KOJIM BUKOPUCTOBYEThCS (JOpPMa 3alUTaHb BiAKPUTOTO THITY 3 MOXKIHMBICTIO
TOSIBM BiATIOBITHOTO MIA0NOHY JUIS BBEIEHHS CTYIACHTOM Oa3MCHUX BEKTOPIB Ta BIAMOBiAHOT MaTpuii. A
SKIO KUIBKICTh 33j1a4 TaKOTO THITY JOCTaTHHO BEJHKA, TO 4Yac, BUTPAYCHUH BUKJIAJadyeM Ha CKIIaJaHHS
TECTY, 3HAYHO 3POCTAE.

Y 3ampomoHOBaHOMY HaMH Tiaxomi Moaudikamis pemakTopa (opmyn mepemdadae CTBOPEHHS
mabJI0HIB ISl BBEACHHS (OPMYJI Ta BHKOPUCTAHHS iHICKcAIlii eleMeHTiB (opMyJbHOro BHpasy [4].
[puxian BikHa 1715 BBeIeHHS opMyT 300pakeHo Ha puc. 1.
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Puc. 1. Bixno esedenns chopmyn

AJTOpUTM TIepeBipKH NaHUX (BOJOMAIHHS MaTepiajoMm) a€ MOKJIMBICTh MEPEBIPATH 3HAHHA 1 Y
BUTIAJIKY HEOTHO3HAYHOCTI TIPU BBEIEHHI BiANOBiAl cTyaeHTaMu. OCHOBHHMH eTaraMHu POOOTH alrOpUTMY
€ BUKOHAHHS TaKMX KPOKiB, SIK 1HIEKCYBaHHs €JEMEHTIB MacHBY 3a TpylaMH, IepeBipKka KOMYTaTHBHHX,
acoIlaTUBHUX Ta IUCTPUOYTHBHUX oOIepamiid. 3amporOHOBaHMN anropuTM Mepeadadae Qopmanizaiito
BBEJICHOTO Martepialy, TOOTO MpeACTaBICHHS €JIeMEHTIB (OPMYJIBHOTO BHpa3dy y CTPYKTypOBaHOMY,
MPUJIATHOMY JUTSl KOMIT FOTEPHOTO OTPAITFOBAHHS BUTIISI, VTS TIOJIAJIBIIOT OOpPOOKH Ta MOPIBHSIHHS 3 €TAJIOHHUM
3HaueHH:M (i3 BUKOPUCTAHHSIM IMOBIPHICHOT'O ITiIXO/TY JI0 OLIHIOBAHHS PiBHS 3HaHb CTYJICHTA).

PoGoTy anroputmy nepeBipKkd JaHUX MOKHA 300pa3uTH y BUTJISIII pO3TrOPHYTOI cxemu (puc. 2).

(1) BBegeHHs signoeigi

(2) Knacudpikauis rpynu

(3) HeogHO3HaYHICTL (4) OagHO3HAYHICTL

'

(5) Knacudpikauia Tuny

Puc. 2. Cxema pobomu anzopummy

v

(6) NokaneHa CKM @ (7) MNopiBHIOBaAHHA >

Tak

(8) ImMoBipHiCHUIA
ananis

[ (10) Oujinka

(9) MpomixHa
ncpesipka

Pesynbrar BiAmoBiai, BBEJCHUI 32 JOMOMOIOK PO3LMIMPEHOro madioHy (1), HaAXOAUTh A0 OJIOKY
nonepeaHboi 00podku (2), ae BinOyBaeThesi Kiacudikaiis rpynu 3aBaaHb (Hamp., anreOpa, aHaTiTHYHA
reOMeTpisi, MaTeMaTHYHWN aHami3, audepeHlialbHi pIBHSHHA Ta 1H.) 3a JIOMOMOIOI aHalli3y
IPOIH/ICKCOBAaHUX 3HAYCHb Bi3yaJIbHOTO PEIAaKTOpa Ta MEPeBIpKM MITKH BUKIanava (B SIKii MICTUTBCS
iH(opMalis Mpo 0OTHO3HAYHICTh YM HEOTHO3HAYHICTh BBEICHOT Bi/IIIOBIII).

3a pe3ynbTaTaMu aHali3y OJHO3HAuYHI BiAMOBi/Ii IPOXOISTH CIPOLICHY MEPEBIPKY Ha MOPiBHIOBAHHS
3 eramonoM (7). 3amexxHo Bix iMoBipHOCTI 30iry (8) BucraBmserscs ominka (10) abo mpomoHyeThCs
JI0IATKOBa MepeBipka MpoMiKHHUX pe3yibrariB (9). Ilpu mpoMy 10 pe3yibTyrUOoi OL[HKH 0JA€ThCS
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BinoBiHUH mTpadHuil KoedilieHT. Y BHIAIKy HEOJIHO3HAYHOCTI BIAMOBIAI BiOYBaeThCs KiIacu(iKaiis
3a ponomororo 670Ky (5) Ta GibmioTekn cuctemu Komi rotepHoi Maremaruki (CKM), 1o posraiioBaHa Ha
JokabHOMY cepBepi (6). [Ipy cTBOpEHHI TECTiB BUKJIa1ad MOYKE MOCTABMTH BIOBIIHI MITKH Y (OpMi BBEICHHS
010 HeoOXimHOoCTI neTanbHOro aHanizy (5) Ta HajCHIaHHS CyMHIBHHX pe3yJIbTaTiB Ha 30BHILIHINA cepBep.
Takox BUKIIa1au MOXKE BKa3aTH, 70 KO Tally3l HAJIGKUTH 3anuTaHHs. Lle crpoliye mojjaibiny aBTOMaTH30BaHy
TMIePEBIPKy Y BUIAJIKY HEOTHO3HAYHOCTI, OCKUTBKY 3aBJIaHHSI O/Ipa3y HaJIXOIWTh Y BiNMOBiqHY 0i0mioTeKky 010Ky
(6). Mami pe3yabTaTi HAAXOAATH 10 010Ky (7) a0 HAACHIAIOTHCS Ha 30BHIIIHIM CepBep JACTATBHINIOTO aHaTi3y.
st pyHKITIS € OMIIOHATFHOI0, OCKUIBKH TaKUH aHaIT3 3a3BHYall IOTPEOye IMOTYKHIX OOUHCITIOBATLHIX PECYPCIB
1 MOJKe 3aifHATH TPUBAIIMI Yac PU TECTYBAaHHI BEJIMKHX IPYII CTY/ICHTIB.
Crpykrypy Osoky (6) mokaszaHo Ha puc. 3.

MaTtpuui —
dopmynu (—
IHTerpanu —

Puc. 3. Cmpykmypa 6aoky (6) * Jlokarena CKM”

Martemaruyi GiGnioTeku
Mepesipka pesynbTaTty Ha
nokansHoOMy cepeepi

PiBHAHHA =

HeigeHTndikoBaHmmn
pesynbtart

<

HapcunaHHs pesynetaty
Ha 30BHILLHIN cepBep

MOKIUBICTh aJallTUBHOI'O HaBUYaHHs CTy,Z[CHTiB peaJ’[iBOBaHO 3a CXEMOIO, 306pa>KeH0}o Ha puc. 4.

Bignosigb

MpaBurnbHO

Mepesipka 1 OuiHka —

HenpasunbHo

3ammc B Bl

Mponoanuis l Puc. 4. Cxema adanmusnozo Ha8uaHHs CMyOeHmie
MNOBTOPEHHA

TEOPETU4HOro
marepiany

]

MoBTOpHE
TecTyBaHHs!

3aranbHuii 6aHk3aBgaHb

BunyyeHHs 3 B[

TumuyacoBuit 6aHk3aBaaHb

[MpaBunbHO

Mepesipka N

HenpasunbHo
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Ines monsrae B ToMy, 10 MUTaHHSA, Ha SIKI CTYJEHT Ja€ HENPAaBWIbHY BiAINOBiNb, 3aIHCYIOTHCS B
0a3y DaHuX JUIA MOJANBLIOro TecTyBaHHs. [licast ompaifoBaHHS TEOPETHYHOTO MaTepially Wi MUTaHHS
(pazom 3 IHIIMMH THTaHHSAMHA 3 OaHKy 3aBJaHb Yy BIANOBIAHOMY CIIBBIJHOIICHHI, IO 3aJa€ThCs
BUKJIA/Ia4€M) TIOBTOPHO MPOTOHYIOTHCS JUIsl TecTyBaHHs. [licis mpaBHIIbHOI BIAMOBIAI 3aBAaHHS 3 OaHKY
JaHUX BUITY4a€ThbCs. KiTbKiCTh MOKIIMBUX TECTYBaHb 3AJICKUTH BiJl OLIHKH 3a MOIMEPEAHIN TeCT.

BucHoBkH

3aco0u KOMIT FOTEPHOr0 TECTYBaHHS IIMPOKO BHKOPHCTOBYIOTHCS AJISI KOHTPOJIIO 3HAHb CTYICHTIB
K Ha eTamli caMONepeBipKH, Tak i M Yac pyODLKHOIO KOHTPOJIIO 1 3HAYHO MOJIETIIYIOTH NEPEBIPKY
PO3B'S3KIB BENHMKOi KIJIBKOCTI MaTeMaTHYHUX NPUKIALIB MiJ 4Yac poOOTH 3 IIMPOKOIO ayIAHTOPIEO
cTyaeHTiB. Ha mpakTuui nepeBakHO 3aCTOCOBYIOTH KUIbKa CTaHAAPTHUX (DOPM KOMIT FOTEPHUX TECTOBHX
3aBgaHb. [Ipy MiArOTOBLI TECTOBHMX 3aBJaHb BAKJIMBOTO 3HAYCHHS HaOyBae MpPaBWIBHUI BHOIp THIY
3aB/aHb, SKUH BHUKOPHCTOBYBATHMETHCS Ul TIEPEBIPKH 3HAaHb CTOCOBHO TOTO YH IHIIOTO 00’ €KTa
BUBYCHHS. BHOIp THITY TECTOBOrO 3aBIaHHS BU3HAYAETHCS XapPAKTEPOM CTPYKTYPHHX KOMIIOHEHTIB YMiHb,
10 € 00’ €KTOM KOHTPOJIIO.

3araqpHOBXHUBAaHUX (QOPM, IO MepeadadaroTh 3aBIaHHS 3 BUOOPOM OHIET UM KiNBKOX NMPaBUIBLHUX
BapiaHTIiB BIINOBi/eld, 3aBJaHHS Ha BCTAaHOBICHHS BiAOBITHOCTEH, BUSBISETHCS HENOCTATHBO IS
00’ €EKTUBHOTO OIIIHIOBaHHS NPAaBWJIBHOCTI BUKOHAaHHS 3aBIaHb 3 MaTeMaTHYHHMX AWCUMIUIIH. B3arami
Kpallie BiJilaBaTy TNepeBary 3aBIaHHSAM 3 BUIBHHM CKJIQJaHHSAM BiJIOBIiJeH, KO BIAMOBIAb Ma€ BUTIISI:
TepMiHa, cuMBOIY, nuppu abo uucia, hopMynn abo 3amucy, BBeIEHHS SKUX 3 KIaBiaTypu HE MOTpedye
0araTo 4acy i BHCOKOTO PiBHS HiATOTOBKU J0 POOOTH.

3a TakuM miaxogoM Moaudikamis penakropa (opmyin mnepeadadae CTBOPEHHS IIAOJIOHIB IS
BBEZCHHS (OPMYJI Ta BUKOPHCTaHHS AJITOPUTMY iHAEKcalil eleMEHTIB BHpa3y, IO Ja€ MOXKIHMBICTH
YHUKHYTH HEOJHO3HAYHOCTI IIpM BBEICHHI BIANOBINI CTyJEHTaMH. 3aBIAaHHSI 3 KOMI IOTEPHOIO
NEPEBIPKOIO aHATIITUYHOTO CUMBOJIFHOTO BUPa3y MOXYTh OyTH 3aCTOCOBaHi AJIsl aBTOMATU3aLil epeBipKu
BMiHb 1 3HaHb 3 TPUPOAHHYUX IUCIUILTIH, 30KpeMa (i3WKH, MaTEMAaTHKH IIISXOM BiqIOBiIHOL
Moubikaii mabioHy.
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N. Tmenova, B. Sus

COMPONENT ANALYSISALGORITHM FOR ONLINE ELECTRONIC
KNOWLEDGE TESTING SYSTEMS

Introduction. In Bologna Process half of teaching time is dedicated for independent activity of the
students. Computer support of the educational process provides wide opportunities for independent work
of students and their work in classrooms. Therefore, virtual learning environment platform (VLE) could be
an essential tool for solving the task of increasing the quality of education. In spite of the problem of
educational knowledge and information accessing in e-learning is successfully resolved, the online testing
and assessment remains a relevant scientific and methodical issue that requires a solution.
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Testing of students in mathematics. Main attention is paid to checking the skills and abilities in
defining the level of training of students in mathematics. The main type of questions in this case requires
answer as aformula. Closed-forms of questions do not involve checking of a number of tasks[1,2]. In the
open type questions there is a problem of ambiguity forms of answers, all of which are correct.

It is quite easy to modify most of the open source learning management systems and WY SIWY G
formula editors [3]. It can be easily done by the implementation of research projects in the institutions to
engage students with relevant programming skills. Proposed modification of the formula editor provides
the creation of templates for entering formulas and indexing algorithm using elements of expression that
allows to avoid ambiguity during online student testing. The tasks with computer verifying of analytical
symbolic expression can be applied for automation of skills and knowledge checking in natural sciences by
appropriate modification of the template [4].

The main steps of algorithm. The main steps of the data verification algorithm are to perform the
indexing of array elements in groups, checking commutative, associative and distributive operations. The
proposed algorithm provides formalization of entered answer, and represents elements of the formula
expression in a structured, suitable for computer processing form. Further processing provides comparison
with the reference value using a probabilistic approach to assessing students' knowledge.

Adaptive student learning. Also this model is convenient for adaptive student learning. Questions
with the wrong student’s answer recorded in a database for subsequent testing. After working through the
theoretical material of these issues (along with other issues from question bank problems in an appropriate
ratio, given by the teacher) students perform re-examination. Question is removed from the database after
correct answer. The number of possible tests depends on an assessment of the previous test.

Conclusions. Computer based testing is widely used to evaluate students' knowledge during self-
testing and quizzes. Principles of knowledge examination of mathematical subject testing in e-learning
environments have been developed. Component analysis and formula expression indexing agorithm for
automatic analysis is suggested. Due to the proposed algorithm it is much more easier to verificate alarge
number of mathematical solution examples with a large number of students. This approach alows to
diversify the types of questions for consequent verification and implementation in computer systems.

1. AVANESOV, V. (1994) ientific problems of test knowledge control. — Moscow: Research center
(in Russian). 2. ZHARKIH, YU., LYSOCHENKO, S, SUS B. and TRETYAK, O. (2012) Computer
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mathematics testing in e-learning environments // 5th Scientific Conference Preceedings “ Innovative
computer technologies in higher education” , Tuesday 19th to Thursday 21st November 2013. NULP Lviv
(Ukraine), pp. 52-55.
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