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YV cmammi obrpynmosano Konyenyito ma npakmuuyny peanizayilo IHMeNIeKMYaibHOI cucmemu ao0anmusHo20
mecmyeanHs 0 MauOymuix yuumenié Ha ocHogi moodeni Pawa (IRT). Pospobneno imepayitinutl aneopumm i3 «nemieio
aoanmayiiy, wo 3abesneyye cmadbiibHO 6UCOKY MOYHICMb eumiprosants (SEM) ne3anedcHo 6i0 pigHs nio2omoeKu CmyOeHmIis.
Jlogedeno, wo GUKOPUCMAHHS CUCMEMU Od€ 3MO2y ORMUMIZyeamu 008dxcury mecmy Ha 45—-60% 6e3 empamu eanioHOCHL.
Pesynomamu  niomeepooicytome  epexmusnicmo  nepexody 00 [HMENEKMYAIbHO20 CYNPOBOOY IHOUBIOYANbHUX ~OCBIMHIX
MPAEKMOPIt Ma cnpusiioms pO3GUMKY YU@Pposoi KOMRemeHmHoCmi nedazozis.

Kntouosi cnosa: adanmusne mecmysanhs, iHOUGIOYANbHA OCEIMHA MPACKMOPIs, IHMENeKMYAIbHi HHOpMayiini
cucmemu, nedazoziuni eumiproganis, Item Response Theory (IRT), nepconanizayis nasyanns, yupposizayis nasyanms, mMooensb
Pawa.

[ocranoBka mpodsiemn. CydyacHa mapajurMa OCBiTH BUMAarae BUKOPUCTaHHS Cy4acHUX XMapo OPi€EHTOBaHUX
IHCTPYMEHTIB Ta CEpBICIB BIAKPUTOI HAYKH, IO JTAIOTH 3MOT'Y iHTErpyBaTH IHTEICKTyaIbHI CHCTEMH B OCBITHIH IpoIiec,
BiZIMOBH Bijl YHi(DiIKOBAaHOTO TiIXOMy HA KOPHCTh IepcoHami3amii HaBuaHHS [3]. OjHak mmijg 4ac BUKITAJaHHS
MaTEMaTHKH Ta iHPOPMATHKH BUNTEI CTUKAIOTHCS 3 ITPOOIEMOI0 3HAUHOTO PO3pHUBY B 0A30Bii IMiATOTOBI YUHIB [4; 7].
TpanuiiiiHi METOU MIeNaroriyHUX BUMIPIOBaHb (JTiHIIHI TECTH) YacTo € Maioe(eKTHBHUMH: BOHH a00 3aHaITO CKJIaJIHI
JUIS CTa0KWX Y4YHIB, IO IPU3BOAWTH JIO AEMOTHBAIll, a00 3aHAATO TPOCTI IS CHIBHHX, IO HE O3BOJISIE TOYHO
BU3HAUUTH ixHii noTeHuian. [Ipobnema nosnsrae B HEOOXiAHOCTI CTBOPEHHS iHTENEKTYAIbBHOTO iHCTPYMEHTApII0, KU
OM JaB 3MOTY aBTOMATHYHO aJaNTyBaTH CKIIQJHICTh HABYATFHOTO KOHTCHTY Ta KOHTPOJIGHHX 3aBIaHb JI0
THIMBIAYyaTbHUX OCOONMMBOCTEH CTYAICHTa B PEXKUMI PEaibHOTO Yacy.

AHaI3 oCTaHHIX XocaizkeHb i myosaikamiii. Teopernunuii ¢GyHIaMEHT IEAAaroriyHUX BHUMIPIOBaHb
3aKJIaJeHUI y Tpalsix 3 Teopii MopemoBaHHs Ta napaMerpusanii TectiB (IRT), 3okpema mozeni Pama (F. Lord, R.
Hambleton) [11; 10; 9]. [TuTanHsa po3poOKH iHTENEKTyaIbHUX HaBYaabHUX cHcTeM (ITS) akTUBHO MOCHTIIKYIOTHCS B
poborax B. Woolf [13] ta A. Corbett [8]. B Ykpaini ne#t Hanpsim po3euBarote C. Cemepikos [5], B. bukos [1; 2] Ta
O. CniBakoBcrkuii [6]. HezBaxkaroun Ha 3HAYHY KUTBKICTh HAYKOBHX HAIIPAIFOBAHE, MTATAHHS MPAKTHYHOT ITiITOTOBKH
MaiOyTHIX y4YUTENiB MAaTEeMaTHUKU Ta 1H(QOPMATHKH 1O TPOEKTYBaHHS O3HAYCHUX CHCTEM B MeEXKaX OCBITHBOTO
TPOIIECY 3ATUIIAETHCS HEJJOCTATHEO PO3POOIICHUM.

Metoro my6Jtikauii € BUCBITICHHS AOCTIIKECHHS MEXaHi3MiB iHTerpauii iHTeleKTyaJbHUX 1HpOpMaLiHHIX
cucTeM y cepy MmemarorigHuX BHMIpPIOBAaHb ISl CTBOPCHHS aJallTHBHOTO OCBITHROT'O CEPEIOBHINA, ITIO A€ 3MOTY
MaiOyTHIM yduTensiM iHPOPMATHKU Ta MAaTEMaTHKH aBTOMATHU3YBAaTH IPOIEC MOHITOPHUHTY 3HaHb Ta peali3yBaTH
CTpATETiIo 1HIUBIyaTi3allii HABYaHHS.

Buknan ocHoBHoro marepiaay. Peamizanisi crpaterii inauBimyani3anii HaBYaHHS B MpOLEC] MiATOTOBKU
MalOyTHIX YYHUTEIIB MaTeMaTHKH Ta iHGOPMATHKH MOTPeOye TEpersny apXiTeKTypH KOHTPOIHHO-T1arHOCTUIHUX
cucteM. TpaauilifiHi 3ac00M TeCTyBaHHS OPIEHTOBaHI Ha «CEPETHBHOT0» YUHS, IO CTBOPIOE KOTHITUBHUIA JUCOHAHC:
CHJTBbHI YUHI BTpavyaroTh MOTHBAIIIIO Y€Pe3 BIICYTHICTh BUKIIHKY, a c1abKi — uepe3 HaaMipHy CKIQAHICTh. Po3B’ ss3aHH
miei mpoOJieMH TIOKIANAEThCS HA IHTETpaiil0 METOJMOJIOTil TeJarorivHuX BHMIPIOBAHb 13 MOXKIIMBOCTSIMH
IHTEJICKTyaIbHUX 1HOOPMAIIIHAX CHCTEM.

106 Bunyck 60, 2026




OleKSander Dovzhenko Hlukhiv National Pedagogical University ISSN 2410-0897 (Print)
PEDAGOGICAL SCIENCES ISSN 3041-1289 (Online)

B 0cHOBI TpONMOHOBAaHOrO MiAXOAY JIEKHUTh KOHIEIIS 1HTEIEKTYaJIbHOTO aJalTUBHOIO TECTYyBaHHS
(Computerized Adaptive Testing — CAT), ae npoliec BUMIpIOBaHHS 3HaHb PO3MIAAAETHCS SIK JMHAMIUHE YITPABIIIHHS
HABYAITEHOK TPAEKTOPi€ro [9].

Po3risiHeMO MaTeMaTHYHY MOJIENb IHTENEKTYyalbHOTO OIIHIOBAHHS 3HaHb, JIeé HAYKOBE OOIPYHTYBaHHS
aJanTUBHOCTI 0a3yeThcs Ha BUKOpHCTaHHI JorictuuHux wMozened Item Response Theory (IRT). HaiiOinbix
MPUAATHOIO IS BIPOBAKEHHS MaOyTHIMK BUMTEIISIMU € OJHOIIapaMeTpudHa Mozeis Para [11] (1).

o (6-b)
PO) = ———
@) =1 "ce» )

OsnaueHa Mojieb Paliia MaTeMaTHYHO OMKUCY€E HMOBIPHICTH P YCIHIIITHOTO BUKOHAHHS 3aBIaHHS K QYHKIIIO
pisHHIl Mix piBHeM miarotoBku yuHs (&) Ta piBHeM ckimamgHOCTi 3aBmaHHs (b). BUKOpHCTaHHS 3ampOMOHOBAHOL
MOl J03BOJISIE IHTENEKTyalbHIM CHCTeMi OmepyBaTH HE BIICOTKOM MpPaBWIBHHMX BIAMOBiAeH, a JIATCHTHUM
MOKAa3HUKOM 3[I0HOCTeH y4HS, 1110 3a0e3meuye 00’ €KTUBHICTh HE3aJICKHO BiJ KOHKPETHOro HaOOpy 3amuTaHb. J{is
MalOYTHIX YYMTETIB MAaTeMaTHKH BaXJIUBO PO3YMITH, L0 LEH MigXiA Jae 3MOTY NEPEBECTH SKICHI MOKA3HUKH
(«3Hae / He 3HAE») Y KUIBKICHY HIKaTy (JIOTITH).

InTenexryanpHa ckimagoBa cucTeMd azantuBHoro TectyBaHHS (CAT) peanmizyerbcsi yepes iTepauiiiHuit
aITOPUTM, IO IMITYE TOBEIIHKY MOCBiMUeHOro ek3ameHaropa [9]. Ha BimMmiHy Bim JiHIHHOTO TecTy, 1€ BCi y4Hi
OTpUMYIOTh 0fHaKoBi uTanHsi, CAT mimnamToByeThCS i KOXKHY BiAMoBias (puc. 1).

KpuTepil

. 3YNMUHKK
BUGIp v
. HacTynHoro
OujiHKOBaHHA
Bianosia 3aBAaHHA
noyaTKoBsa
OUuiHKa

Puc. 1. ApxiTekTypa CHCTEMH aJaliTHBHOTO TECTYBAHHS

3a JOIOMOI'OIO pHUC. 1 MpCaACTaBJICHA apXiTeKTypa CUCTCMU aJalITUBHOI'O TECTYyBAaHHA, KPOKAMU aJITOPUTMY SIKO1

1. TlouyaTkoBa OIiHKA: CHCTEMa HaJla€ TIePIIIe 3aBAaHHsI CepeAHbOI cKkaamHocTi (b=0).

2. OmiHioBaHHS BIQNOBIMi: SKIIO BiAMOBIAs TPaBHUIIbHA, IIOTOYHA OIHKA 3mi0HOCTEH yuHs (&)
MEPEPaXOBYEThCS B OIK 301IBIICHHS; SIKIIO XMOHA — y 01K 3MEHIIICHHS.

3. BuOip HacTymHOro 3aBJaHHS: CHUCTEMa IIyKae B OaHKy 3aBJaHb TaKe IUTAHHS, CKIAJHICTh SKOTO
MaKCHUMaJIbHO HaOJMKeHa 0 HOBoro piBHs & yuns. Lle MiHIMI3ye cTaHaapTHY OXMOKY BuMiproBanHs (SEM).

4. Kputepiii 3yNmMHKA: TECT MPUIHHIETHCS, KON MOXHOKA BUMIPIOBAHHS CTAE MEHIIIOKO 3a 3a/laHe 3HAYCHHS
(manpuknan, SEM < 0,3) abo BU4epIaHo JIMIT ITUTAHb.

OTxe, iporiec MOOYIOBH TPAEKTOPIl BUMIPIOBAHHS 3HAHb CKIIAAAEThCS 3 TAKUX CTAITiB;

1. Imimjami3anis: BCTAHOBJIEHHS IOYATKOBOI'O 3HAYEHHS 3410HOCTEH Qﬂ (Ha OCHOBI TIOTIEPE/THIX JOCSITHEHB
a0 cepeTHbOro 3HAUCHHS).

2. CeneKIlisi 3aBIaHHS: IHTENEKTyalbHUH areHT oOupac 3 OaHKy Take 3aBlaHHs b, sKke Biamosizae
notoyHoMy piBHio & (Makcumizalis indopmamiiinoi Gpyukuii dimepa) [10].

3. OwiHIOBaHHS Ta MEPepaxyHOK: Micisl BIAMOBIAI y4YHA CHCTeMa MepepaxoBye 3HAaueHHA & MeTomoM
MaKCUMaJbHOI TpaBaonoAiOHocTi, 00 mel Mertox 3abesnedye 30DKHICTH OLIHKKM & 110 ICTUHHOTO 3HAYCHHS
30i0HOCTEN yUHSL.

4. Bamigaiis 3yIHHKHM: TI€PEBIpKa YMOBH INPUIMHEHHS TECTy (JOCATHEHHS HEOOXIAHOT TOYHOCTI
BUMIpIOBaHHs a00 JIIMITY KPOKiB).

Taxuii Tiaxig JO3BOJISIE CKOPOTUTH JOBKUHY TecTy Ha 40—60% Oe3 BTpaTh HamiHOCTI pe3ynbTaTy, 0 €
KPUTUYHUM JUTS 3HUKECHHS KOTHITUBHOTO HAaBAaHTAXXCHHS B YMOBaX Cy4acHOTO Ypoky [12].

Y Mexax BHBYCHHS HABYAILHOI JUCIHUILTIHA «IHTEIeKTyanbHI iH(pOpMAIliiHI CHCTeMm» MaiOyTHI ydIuTemi
iHpopMaTUKKM Ta MaTeMaTHKH (DOKYCYIOTbCS Ha pO3poOmi Oa3u 3HaHb (0aHKy KamiOpOBaHHMX 3aBAaHb) Ta
IHTEJIGKTYaJILHOTO areHTa, IO peaji3ye JOoriKy BHOOpY. AKIICHTYIOTHCS Ha CTAaTHUCTUYHIA Bajifamii 3aBIaHb.
BukopucTanHs TakUX CUCTEM Aa€ 3MOT'Y Mali0yTHbOMY BUHMTEITIO:

e YVHUKHYTH e(heKTy «CTeli» (KON CHIIbHI YIHI He MOXKYTh ITOKA3aTH CBi MAaKCHUMYyM 4epe3 JIeTKi TECTH);
¢ 3MEHIINTH Yac TecTyBaHHs Ha 50—70% 0e3 BTpaTu TOYHOCTI;
e peaji3yBaTH CIPABXKHIO TIEPCOHATIZAINII0: KOXKCH YUCHb PyXaEThCS BIACHOIO TPAEKTOPIETO.

I'padiuny iHTepnpeTarito B3aeMoii mapaMeTpiB y4Hs Ta 3aBJaHb HaBEJICHO Ha puc. 2.
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1.0 4 = ferke saBaanHA (bl): b=-1.5
—— CepedHe 3a60aHHA (b2): b =0 e ——
CxnagHe 3apnavua (b3 b= 1.5 -

JoHa HaWBWLLOE TOYHOCTI

0.75

0.5 4

0.25 4

WMMoBipHICTE NpaBMnbHOI Bignoeigi (P)

3 =2 bl=-1.5 =1 b2I=D 1 b3=ll.5 é 5
PieeHb 3giGHocTel yyHA (B, noritw)
Puc. 2. Xapakrepuctuuni kpusi 3aBaanb (ICC) 3a omHOIapaMeTpHIHOO MO0 Parma
(chopmoBano aBTOpOM 32 JtoroMororo Python)
[Mpumitka: & — natenTHMil MapameTp PiBHS MATOTOBKU y4Hs; P — WMOBIPHICTb MPaBMIIbHOT BiMOBI;
b1, by, b3 — mapaMeTpu CKJIaTHOCTI TECTOBUX 3aBJaHb.

Ha puc. 2 npencraBneHo pe3yabTaTH MOJCTIOBaHHS XapaKTEpUCTUUHHUX KpHBHX 3aBAaHb (Item Characteristic
Curves — ICC) mns TppoXx piBHIB ckiIagHOCTi (), 110 € MaTeMaTnuHuM pyHAamenToM Characteristic pyHKIIOHYBaHHS
IHTEJIEKTYJIbHOI CHCTEMH aJJalTHBHOTO TecTyBaHHA [10; 9].

KirouoBumu acmiektamu Bisyanizaumii €: qudepeHmiarist 3a CKIAAHICTIO, 1H)OPMAaTHBHICTh BUMIPIOBAHHS Ta
BU3HAYEHHs 30HU HalBUILIOT TOYHOCTI.

Omxe, Bizyamizaiis mudepeHmiami 3a CKIATHICTIO BiOYBAETHCS 3a JOIMOMOTOI0 KPHBHX, KOXHA 3 SKHUX
BijloOpaXkae MMOBIpHICTH MpPaBHIILHOI BiAmoBiAi (P) 3alleKHO BiJ JIATEHTHOrO Mapamerpa 3aiOHocreit yuns (&).
Touku TeperwHy KpWUBHX, NI€¢ HMOBIPHICTH YCIiXy cTaHOBHTH P = 0,5, BiONOBimaloTh MapaMeTrpaM CKJIATHOCTI
3aBnaHb:; b = -1,5 (Jierke 3aBaanus), b, = 0 (cepenne 3aBmanus) Ta by = 1,5 (CkiagHe 3aBIaHH).

HaiioimpImmii Haxwil KPUBUX CIIOCTEPITAETHCA CaMe B TOYKAaX IEPErwHy. 3 TOYKH 30py TEOpii IeaarorivHux
BUMIpIOBaHb, II¢ O3HAYAE, 1110 3aBJaHHS € HAHOUTBII iH(OPMATUBHHUM TOJIi, KOJIM MOTO CKIAIHICTh (b) MaKCHMAIBHO
HaOmwKkeHa 10 piBHS 3HaHb yuHs (). Came B miii 30HI iHTEJIEKTyaJbHHI areHT CHCTEMH 3IaTHHH HaHTOYHIIIE
mrdepeHitoBaTH piBEeHb MiArOTOBKU, MiHIMI3yIOUH BIUTUB BUIIAJJKOBOTO BraJyBaHHS a00 TIOMUJIOK.

30Ha HaWBHUINOI TOYHOCTI MpeACTaBlicHa BUIUICHO oOmactio (Bim -1 mo +1 Jjorira), 0 JAEMOHCTpPYE
JiarasoH, y SKOMY aJlalTHBHUI aropuT™ 3ade3neuye MiHIMalIbHy cTaHIapTHy noxuOKky BuMiproBanHsa (SEM). Komu
cucTeMa A00upae 3aBJaHHs 3 i€l 30HH, IPOLeC TECTyBaHHS CTa€ HAMOUTBII €()EeKTUBHUM, IO Ja€ 3MOTY CKOPOTHTH
3arajbHy KUIbKICTB 3anuTanb Ha 40—60% 0e3 BTpaTy HAAIMHOCTI Ta BaJIiTHOCTI OI[IHIOBaHHSI.

I'padiuna inTepnpeTarLisi miATBEPIDKYE, IO BOPOBAHKEHHS MOeNi Pama B iHTeNneKTyallbHi CHCTEMH JTO3BOJISIE
peanizyBaTi MeXaHi3M OUHAMI4HOI ajanTamii. Ko y4eHb BiINOBia€ MPaBHJIBHO, IHTETIEKTYaJbHUI areHT 3Milllye
BHOIp HACTYIHOTO 3aBIaHHS BIIPABO 3a BICCIO aOCIMC (10 KPUBHX 3 BUIIUM ITApaMeTpOM b), SIKITIO TTOMIUISETHCS —
BiiBo. Takuii miaxin 3a0e3mneuye MocTiiiHe mepeOyBaHHS YYHS B 30HI «aKTyaJlbHOTO PO3BUTKY», LIO € KIIIOYOBOIO
YMOBOIO 11 (pOpMYBaHHS pE3yJIbTATUBHOI iHOMBiAyanbHOI OCBITHBOI Tpaekropii. Bukopucranns ICC mae 3mory
BI3yalli3yBaTH TIPOIIEC CEJIEKIIii 3aBIaHb IHTEICKTYaJbHOIO CHCTEMOIO: CHCTEMa BiJICIKA€ 3aBIaHHS, J¢ WMOBIPHICTH
YCITiXy 3aH3JITO BUCOKA (Y4CHb HE JII3HAETHCS HIYOr0 HOBOTO) a0 3aHaJTO HHM3bKA (3aBIaHHS HE BiJAIOBIJaE PiBHIO
MiIrOTOBKM), 00UParoyH iHPOPMATHBHY 30HY B Mexax T | JIOTIT Bi] IOTOYHOTO PiBHS 31i0HOCTEH YUHS.

PosrnsiHemMo anropuT™  (QYHKUIIOHYBaHHA IHTEJEKTYalbHOI CHCTEMHM 32 JOMOMOTOI0 OJIOK-CXeMH 3
ypaxyBaHHSAM MPOIECY ONUTYBAaHHSA Y4YHIB Ta YMOB, 32 SIKMX BiZOyBaeThCsl IEpexis Ha MOBTOPHE ONMUTYBAaHHS 3a
anroput™MoM (puc. 3). biok-cxema (puc. 3) Bisyalidye LMKIIIUHY JIOTIKy pOOOTH 1HTENEKTYyaJlbHOTO areHra, IO
3a0e3nedye iHAMBIAyai3alil0 TMpOIecy IMeAaroriyHoro BuMiproBaHHSA. Ha BigMiHy Big JiHIHHMX TecTiB, ne
HOCIIJOBHICTb 3aBJIaHb € CTATHYHOIO, IPEACTABICHNH aITOPUTM IIPALIO€ 3a TPUHIUIIOM JIHHAMIYHOI0 3BOPOTHOI0
3B’s13Ky. [IpoanainizyemMo MexaHi3M (YHKIIOHYBaHHS Ta YMOBH IEPEXOY:

1. TIponec  posmounHaeThesi 3 ampiopHoi ouinku g, Ile 103BoNsie cHCTeMi IOYATH TECTYBaHHS 3
ONTHMAIILHOTO DIBHS, YHHKAIOUHM TIpe]|’SBJICHHS 3aHAJTO TPOCTUX 3aBJIaHb IiJTOTOBJICHUM Y4YHSIM a0 3aHajTo
CKJIaJTHUX — CIa0IImM.
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2. Ha koxxHOMYy KpoIlli cHCTeMa aHaji3ye OaHK 3aBJaHb i OOMpae Te, YW mapaMeTp CKIAaHOCTI (b)
HaWOIK4Mil 10 motoyHoro piBHA & yyHs. Lle MiHIMI3ye KOTHITUBHE HABAaHTAXXCHHS Ta MIATPUMYE CTaH IIOTOKY»,
Jie CKJIQJHICTD BiINOB1Ia€ MOXKIIMBOCTSIM.

3. Tlicnst KOXHOI BiATOBiAI BiOyBaeThCS MHUTTEBHI IEpepaxyHOK JaTeHTHOro mapamerpa & (meromom
MaKCHUMaITbHOT PaBIOMO1iI0HOCTI) — TS 3BOPOTHOTO 3B’ SI3KY (IIMKJI aJfarTartii).

3.1. SIxmo BiAMOBIIH MpaBWIIbHA — CHUCTEMa IHIMIIOE MEpeXia JO CKIAIHINIOrO cerMeHra OaHKy 3aBJaHb
(3mimenns 3a Biccro ICC npasopyy).

3.2. SIkimo BiAMOBIb XUOHA, ATOPUTM 3IIHCHIOE «KOPEKITIFHE TOBEPHEHHSD, TIPONIOHYIOYH JIETIIIC 3aBIaHHS
JUIsl TOYHOTO BU3HAYECHHS HIDKHBOT MEXI1 3HaHb YUHSL.

4. OiHanbHUM €TarmoM KOXKHOI iTepauii € Bepudikamis KpUTepilo 3yNHHKH, 1€ CHUCTEMa MepeBipse IBi
KJIFOUOBI YMOBH, a came:

4.1. Ha tounicTh — piBeHb cTaHAapTHOI MmoxuOku BuMiproBaHHS (SEM) B MoOpiBHSHHI 3 BCTaHOBJICHUM
rioporoM (Hanpukian, SEM < 0,3).

4.2. JloTpuMaHHSI JIIMITY: KUTBKICTh 3pOOJICHUX KPOKIB y TIOPIBHSIHHI 3 MAKCUMAIBHO MOIIMBOIO KUTBKICTIO
kpokiB (N), sika iepeadaueHa MpOTOKOIOM.

SIkio yMOBH He BUKOHAHO, cricteMa 3ailicHioe niepexin (HI)
Ha HOBHH ITMKJI BUOOPY 3aBJIaHHS. [ErmresRe 20)
Axmo ymoBu BukoHaHo (TAK) — BimOyBaerbest dikcaris l

OCTaTOYHOTO Oajy Ta 3aBEpLICHHS MIPOLETYpPH.

3ampornoHoBaHa OJOK-CXeMa Ta BiTNOBiIHA MaTeMaTH4Ha i (rponomxr) ——s - [shSabiseion WsbomE n 9))
MOJIENIb  PEATi3yl0Th TOJOBHY METY JOCHI/UKCHHS — CTBOPEHHS i
aJIANTHBHOTO CEPEJIOBHINA U TIJTOTOBKH MaWOyTHIX YUYHUTEIB
MaTeMaTHKH Ta iHPOPMaTHKH. ([wen nsnerinn 3asaana yurcsi)

HaykoBa HOBH3HA OTPUMAHOTO PE3yJIbTATy MOJISTAE Y: l«

—CHHTE31 TIeIaroriqYHOro Ta AJTOPUTMIYHOTO TiJXOiB, TOOTO
noeaHaHo KinacuuHy Teopito IRT 3 iTepawiiiHumu anropurMamu
IHTEJICKTyalIbHUX CHCTEM, IO Ja€ 3MOry aBTOMATU3yBaTH pOIIb
JIOCBIZTYEHOT'0 eK3aMeHaTopa uepe3 IU(pPOBI IHCTPYMEHTH; \‘r
—gHHaMquiI?I BaJ'I'iI[aHi'l' — MOBE/ICHO, 1O BUKOPHCTAHHS RiGwil [ e e )
aJanTain» Jae 3MOry MiJBUIUTH HAAIHHICTh OLHIOBAHHS B YMOBAaX
OOMEXECHOTO 4Yacy HABYAJIBHOTO 3aHATTS, 3a0€3MeUyI0oYd BHCOKY
TOYHICTh BUMIPIOBAHHS 32 MEHIIOI KiJTBKOCTI IIUTAHb.

OtpumaHi pe3yibTaTH CTaloTh MAIPYHTSAM ISl PO3POOKH

MPOrPaMHOTO 3a0e3MeUeHHs, SKE Ja€ 3MOTy CTyIeHTaM — MaiOyTHIM ]
yuuTesnsiM iHQOPMATHKM Ta MAaTeMAaTHKH — HE JIMIIE OIaHyBAaTH

mudpoBi IHCTpyMEHTH, a ¥ 3pO3yMITH JIOTIKYy 00 €KTUBHOIO v
BUMIPIOBaHHs HABYAIBHUX JOCATHEHb. lle 3abe3meuye rmepexin Bix
«KOHTPOIIIO 3apaJiii KOHTPOIIO» IO «KOHTPOIIIO 3apay PO3BUTKY», 1€

KO)KEeH KPOK CHUCTEMU OOTPYHTOBAHMH AaKTyalbHHM CTAHOM 3HAaHb Puc. 3. Anropur™ poboTH IHTENICKTYalIbHOIO areHTa

aJIalTUBHOTO TECTYBaHHS (JuKepero: copMoBaHO

KOHKPETHOI'O HI.
Kp ya aBTOPOM 3a Jonomororo Python)

s rmuOuHHOTO  OOTPYHTYBaHHS — pe3yibTaTiB  Oyiio
MPOBEICHO MOPIBHSIIBHE MOJICITIOBAHHS JTIHIHHOTO Ta aJIAIITUBHOTO IMiIXOIB (puc. 4).

Amnaii3 pe3ynbrariB (puc. 4) JEMOHCTpYE, IO TPAIMINIHHUN JHIHHUA TecT mMae HectabutbHy TouHicTh (U-
noiOHa KpuBa), MOKa3yloYd BUCOKY MOXMOKY Ul CHJIBHHX Ta CIa0OKUX TPyI CTYIACHTIB. IHTenekTyanbHa cucTema,
HaBIIAKH, MATPUMYE CTa0UTBHO HU3BbKY TIOXHOKY Ha BCHOMY Jliana3oHi. [ TMOWHHUIA pe3ynbTar Mojsrae B ONTHMI3AIlT
pecypcCy: aIanTUBHAN TECT 1€ 3MOT'Y JOCSTTH aHAJIOTIYHOT TOYHOCTI 32 Ha 45—60% MEHIITy KUTBbKICTh KPOKIB.

3a pomomororo Tabn. 1 BHCBITIIMMO HapaMeTpH TMOPIBHSHHA Ui JIiHIHHOTO TecTy (MiHIMHMHA Mmiaxinm) Ta
aJIATUBHOTO TECTY (IHTENEKTYyallbHA CUCTEMA).

Taonuya 1
IopiBHsUILHA XapaKTePUCTHKA TPAAULIHHOr0 Ta iHTEIeKTYaIbHOI0 MiIX0AiB 10 TeCTyBaAHHS

Ha «CepPeHBOr0» yqHs Ha 30HY aKTYaJIbHOTO PO3BUTKY  3a0e3IeYeHHs [IePCOHAITI30BaHOTO

TEMITy HaBYaHHS
BHCOKA JIMIIIE B IEHTPI CTabiJIbHO BHCOKA JIJISI BCIX 00’eKTHBHE OI[IHIOBAaHHS SK JIJepiB,
Tax i cIabKuX rpyI
BIZICYTHIMH TIiJ] 4ac TecTy JIMHAMIYHA KOPEKIisI MOJJIMBICTh MHTTEBOI CaMOKOPEKIIiT
TpaeKTopil 3HaHb CTYICHTOM
HH3bKa (HA UTUIIKOBICTb) BHCOKA (MiHIMi3allisi KPOKIB) eKoHOMist 10 60% HaBYABHOTO Yacy
Ha KOHTPOJIb
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PiBeHb 3aiBHOCTel yyHa (B, noriTu)

Puc. 4. 3anexHicTh ToUHOCTI BUMiproBanHs (SEM) Bin piBHsI 3110HOCTEH yUHS
(Jukepeno: copMOBaHO aBTOPOM 3a Jonomororo Python)

HayxoBa HOBH3HA JOCIIKEHHS TIOJISITae B CUHTE31 {tem Response Theory (IRT) Ta iTepaiiHAX aJIrOPUTMIB
IHTENEKTyaJIbHUX CHUCTEM JJsl MiATOTOBKM MaWOyTHiX yduTenmiB iH(oOpMaTHKA Ta MareMmaTwku. llepexinm Bix
CTaTUYHOTO KOHTPOJIO JI0 «IETJl ajanTarfii» 3a0e3reuye ryMaHi3allil0 HaBYaHHS: CUCTEMa CIIPUAMAETHCI HE K
IHCTPYMEHT IICH3ypH, a SK 3aci0 00’€KTHBHOI caMoiarHOCTHUKU. lIpakTWdHe 3HAYCHHS OTPHMAHUX PE3yJbTaTiB
MOJISTa€ B MOXKIIMBOCTI BIPOBAPKEHHS BHCOKOTOYHHMX CHCTEM YIIPABIIHHS HABYAIHHOK TPAEKTOPIEO, IO €
KPHUTHYHO BXKIIMBUM JIIst popMyBaHHS U(PPOBOT KOMIIETEHTHOCTI BUUTEISI HOBOTO IMTOKOJIIHHS.

BucHoBkM. Y pe3ynbTaTi AOCTIHKCHHS pealli3oBaHO MEXaHI3MH IHTETrpallii iHTEJIEKTyadbHUX CHUCTEM ¥
TIeIarOTiYHI BUMiproBaHHs. HaykoBa HOBM3HA poOOTH MOJISITae y MOEHAHHI MAaTEMaTHYHOTO arapary Mojeni Parra 3
aJIaNTUBHUMHU iTepaliiHIMHU [TUKJIaMH, [0 3a0e3MeUy€e aBTOMATH3AIlI0 CKIIAIHUX EKCIIEPTHUX PIIICHb 1010 1000py
JIarHOCTUYHOTO KOHTEHTY BIATIOBIZHO A0 KOTHITUBHOTO mpodimo 3100yBaya ocBiTH. llpakThdHa 3HAUYYIICTH
OJIep)KaHUX Ppe3yNbTaTiB BUSBISETBCS B ONTHMIi3amii yacoBoro pecypcy Ha 45-60% Ta crnpusiHHI Tymasizamii
OCBITHBOTO TIPOIIECY 3aBISKH 00 €KTHBHOMY 3BOPOTHOMY 3B’s3Ky. Ilomanbiii po3Bilkiu MOXKYTh OYTH 30CepemKeHi
Ha iHTerpauii po3po0IeHOro alNropuTMy B XMapHi HaB4YajbHi cepenosuiia (LMS).
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BUILDING INDIVIDUAL EDUCATIONAL TRAJECTORIES USING INTELLIGENT ADAPTIVE
TESTING SYSTEMS
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Candidate of Pedagogical Sciences, Senior Lecturer
Kremenchuk Mykhailo Ostrohradskyi National University

Introduction. In the era of global digital transformation, the educational landscape is shifting towards extreme
personalization. One of the most critical challenges in modern higher education, specifically in the training of future
mathematics and computer science teachers, is the significant heterogeneity of students' initial knowledge levels.
Traditional linear testing methods, characterized by a fixed set of questions for all participants, often fail to provide
accurate diagnostic data. They tend to be either frustratingly difficult for low-performing students or redundantly simple
for high-achieving students. This creates a barrier to the effective construction of individual educational trajectories.
The necessity for intelligent systems capable of real-time adaptation to the learner's cognitive state has become an
imperative for modern pedagogical measurement. Current educational trends prioritize the transition from a «one-size-
fits-ally model to a student-centered approach where technology serves as a bridge between standardized requirements
and individual capabilities. This approach is particularly relevant for future educators who must not only use these
technologies but also understand the underlying logic of data-driven pedagogical support.

Purpose. The primary objective of this research is to substantiate the conceptual framework and demonstrate
the practical implementation of an intelligent adaptive testing (CAT) system. This system is designed to facilitate the
building of individual educational trajectories for future teachers by integrating Item Response Theory (IRT) and
intelligent algorithmic agents, thereby optimizing the monitoring of learning outcomes and enhancing digital
pedagogical competence. The study aims to bridge the gap between theoretical measurement models and practical
classroom applications, providing a robust tool for educators to navigate the complexities of modern learning
environments. By automating the diagnostic process, the research seeks to empower teachers to focus on creative and
social aspects of education while maintaining high standards of objective assessment.

Methods. Theoretical ones. The research employs a comprehensive set of theoretical methods to achieve its
goals. Firstly, mathematical modeling based on the Rasch model (IRT) was used to formalize the relationship between
item difficulty and student ability levels, enabling the transformation of qualitative pedagogical observations into
objective quantitative data (logits). Secondly, algorithmic synthesis was applied to develop a multi-stage intelligent
agent that operates through a dynamic «adaptation loopy, managing the item selection process in real-time. Thirdly,
comparative analysis and statistical simulation were utilized to evaluate the measurement precision (Standard Error
of Measurement — SEM) of the proposed adaptive approach against traditional linear testing models. The study also
involved the synthesis of pedagogical theories regarding the «zone of proximal developmenty with modern data
processing techniques to ensure the psychological comfort and validity of the testing process. Furthermore,
systematic reviews of existing intelligent tutoring systems (ITS) were conducted to identify best practices for user-
adaptive interfaces and feedback mechanisms.

Results. The study resulted in the development of a functional architecture for an intelligent adaptive testing
system. The core of this system is an iterative algorithm that begins with an initial ability estimate and dynamically
selects items from a calibrated item bank that ensure the highest measurement informativeness for each specific
student's proficiency level. The mathematical simulation proved that the «adaptation loop» allows the system to
remain within the zone of highest measurement precision (where the item difficulty b closely matches the ability level
8). Key empirical findings indicate that the intelligent system achieves the target measurement reliability (SEM <
0,3) using significantly fewer items than traditional tests. Specifically, the data demonstrates a reduction in test length
by 45 — 60% without any loss of diagnostic validity. This optimization directly contributes to the efficient management
of instructional time and prevents cognitive overload among students. Furthermore, the system provides immediate,
objective feedback, which serves as a navigational tool for students to adjust their individual learning paths. The
implementation of such systems in the training of future teachers not only automates assessment but also fosters a
deep understanding of data-driven decision-making in their future professional activities. The results suggest that
adaptive systems can effectively identify specific learning gaps that are often missed by standardized assessments,
allowing for more targeted pedagogical interventions.

Originality. The scientific novelty of this work lies in the unique synthesis of the scientific foundations of the
Rasch model with modern iterative algorithms for intelligent agents within the specific context of training future
STEM educators. Unlike existing general-purpose testing platforms, the proposed model integrates a dynamic
validation mechanism that treats the assessment process not merely as a control tool, but as a diagnostic engine for
the continuous adjustment of individual educational trajectories. The study provides a refined mathematical
Justification for the algorithmic «correctional returny logic within the adaptive loop, ensuring high precision even for
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students with extreme (very high or very low) proficiency levels. This research moves beyond simple automation of
testing by introducing an intelligent agent capable of simulating the decision-making process of an experienced
examiner, thereby humanizing the digital assessment environment and ensuring that the technology remains a servant
to pedagogical goals.

Conclusion. The research confirms that the integration of intelligent information systems into pedagogical
measurements is a fundamental requirement for the transition to truly personalized education. The developed
adaptive testing system effectively bridges the gap between standardized control and individual learning needs. By
optimizing the time required for assessment and providing high-precision data, the system creates a robust foundation
for building individual educational trajectories. For future teachers, mastering such tools is a critical component of
their digital competence, enabling them to transition from traditional «assessment of learning» to «assessment for
learningy. The findings underscore that the efficiency of individual trajectories is directly proportional to the
accuracy of the diagnostic tools used. Future research directions will focus on the integration of these intelligent
algorithms into global cloud-based Learning Management Systems (LMS) and the exploration of multi-dimensional
IRT models for complex competency assessment.

Keywords: adaptive testing, individual educational trajectory, intelligent information systems, pedagogical
measurements, Item Response Theory (IRT), personalization of learning, digitalization of learning, Rasch model.
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