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CraTucTU4Hi IHCTPYMEHTH BUMIPIOBAHHSA SIKOCTIi OCBIiTH.
Yacruuna 3. Knacuunuid miaxin

lIpeocmasneno oensad cmamucmuiHux ocHoe mecmonozii. Onucano 6azoei 3adaui,
mamemamuyni Mooeni ma 0CHO6HI po3paxynkosi popmyau cyuacnoi (IRT) meopii mecmy-
BAHH5L, WO O0360NAE 31 CMAMUCIUYHUX NOZUYIT OYIHUMU NPABUNbHICTE NOOYO08U, DpO30inbHy
30ammuicms, CManOapmmuy ROMUNKY ma HAOIiUHICMb MeCmMosUx 6UMIDIOGAHD.

Knwouosi cnosa: knacuuna meopis mecmysanns, eunpobosyeani, oyiniosamms, mecm,
IRT-mo0ens, PL-modens, PCM-moodens, wikana Pawa, nozim-oyinka.

Y nonepeanix my6uikauisax [1; 2] 6ys10 po3risiHyTo eJeMEeHTH KIacCUu4HOI Teopii TecTy-
BaHHs1 (CTT). l'onosuum nenonikom CTT BBaXKAIOTh 3aJ1€KHICTh PE3yJIbTATIB BUMIPIOBAHHS
3HaHb BUNPOOOBYBAHMX BiJl XapaKTEPUCTUK TECTOBHX 3aBAaHb. [[poGiema nonsrae B Tomy,
LLO NEePBUHHUI 6asl iICTOTHO 3a1€XKUThb Bi/Jl TPYAHOLIIB 3aBAAHb TECTY, IPUYOMY CamMa TPY/I-
HICTb TECTY BU3HAYAETBCA BCIM KOHTHHIEHTOM BUIIPOGOBYBanux. KpiM Toro, nepsuHHi Gamm e
HEJIIHIHHUMH BIZIHOCHO PiBHSI MiIrOTOBICHOCTI. BOHU € fM1ie iHAMKATOPOM ITiArOTOBIIEHOCTI
BUNPOOOBYBaHUX, & HE 1i MIpoIO.

Bce e cyTTeBO yekaaHioe nopiBHsIHHS pe3y/ibTaTiB TECTIB, 1110 BiIPi3HAIOTHCS 3aBaH-
HIMH (OCKUIbKH CTBOPIOBATH IIHCHO napasienbHi TECTH Malike HEMOMKITUBO, He KaXKydH npo
MOJI IMCUMILTIHAPHI TeCTH ab0 TaKi, 1110 HAAAIOThCs Pi3HUM rpynam. Lo Ta inm npoGiaemu

_CTT Garato B yomy Bupiurye Item Response Theory (IRT) [3; 5], aGo y Henpsimomy repexsai
TEOpisi MOJIEJIIOBAHHA Ta NMapaMeTpu3alii TecTiB. OCHOBHUI npeaMeT 3acTocyBans IRT-
OLiHKa HMOBIPHOCTI MPAaBUJILHOT Bi/INOBII BUMPOGOBYBAHMX HA 3aBJAAHHS Pi3HOT TPYAHOCTI.

ITuk po3Butky wiei ranysi nocnimxens (JI. Takep, JI. I'ytman, I1. Jlazapcensa, M.
Hosik, ®. Jlopa, I'. Paui ta inm.) npunagae sa 50—70-x pokax MUHYJI0r0 cTopiuusi. [TeBHO0O
BiXO10 Ha LIsAXy ctaHoByeHHs IRT crana Moziesb, 3anponoHoBaHa JaTCHKUM MATEMATHKOM
['. Pamem y 1960 p. Iliaxin I'. Pawa rpyHTyeThest Ha npuItyLueHHi, 1o iimosipuicTs (P) npa-
BMJILHOIO BUKOHAHHA 3aBJaHHs' € GpyHkuicro (i Ha3uBalOTh QyHKLIEIO yCixy) npuHaiMHi
JBOX JIATEHTHUX 3MIHHHUX [6]:

P=P(u 1), Ps[0,1] @))]
Jle u — piBeHb MiArOTOBIEHOCTI BUIIPpoOOBYBaHoOro; u €[0, o] ;

{ — piBeHb TpyaHOLUI (TpyAHOCTI) 3aBaaHHs Tecty; ¢ &[0, 00] .

3a I'. Pawem s 3a6e3neyenns 06’ €KTUBHOCTI MOPIBHAHHSA BUNIPOOGOBYBAHUX I10-
. : U _ 4
BUHHI BUKOHYBATHCh PIBHSIHHA: — = —-
u, L
BUIPOOOBYBAHMM 3 PiIBHEM I1i/IFOTOBJICHOCTI %/, HA 3aBJIAHHs TPYAHOLLLI {, Mac CcriBnajaTy 3
MMOBIPHICTIO NTPaBMJILHOI BiJINOBIAI BUIIPOGOBYBAHUM 3 PIBHEM I1irOTOBJIEHOCTI u, Ha 3a-
BJIAHHS TPY/HOLUI 7. IHIUMMK C/IOBaMM CHiBBITHOLIEHHS MiX TPYHOLLIAMH 3aBaHb MAIOTh
OyTH OAHAKOBUMHU A7 OYAb-SIKOrO BUIIPOOOBYBAHOI0O%, 4 CIiBBITHOILEHHS MK PiBHSIMH
[iArOTOBJIEHOCTI BUIIPOGOBYBAHUX — CIPABEUIMBUMU ISl 3aBJaHHS GY1b-KOT TPYIHOLL.
Lle o3nauae, wo ¢pynkuis (1), 3anexxaTume He Bi KOKHOIO apryMeHTY u i £ OKPeMO, a BH-
3HAYATUMETHCA iX BIAHOWIEHHAM, TOOTO Oye OAHONAapaMeETPUUYHOIO:

u
P=P1(C),C=7)- ()
' 3a yMOB BUKOHAHHsI IPABMJI TECTYBAHHSL, 1O YHEMOXKJIMBJIOIOTH CIIMCYBAHHS Ta iHLUI [OPYLUCHHS

HaBYaJIbHOI €TUKH.

? Hanpukian, ToMy W0 Ul BUKOHAHHSL LIbOTO 3aBJaHHs NOTPiGHO y k pa3 Giiblue CTaHAAPTHHUX
onepalii, HiX /1 BAKOHAHHS 1HILIOro 3aBaanHs [5].

=..., TOAl HMOBIPHOCTI NpaBUILHOI BiANOBIAL
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106 3 (2) MoXkHa OyJ10 BU3HAUMTH BEJIUUMHY ¢, pynkuis P, (£) Mae MaTH B3a€EMO3BO-
potHy dyHKuito: (3) _
L=R"'(P),

Ky HA3UBAIOTh (PYHKLICIO BUMIpIOBaHHs1, OCKUIBKH AMOBIpHICTb P MOYKHA OLIHIOBATH 32
pe3yJibTaTaMy TeCTyBaHHI.

3picHo, aiiicHi Buan Gynkuiin Pi P, — HeBiOMi, i MOYHA TOBOPUTH TUIBKHU MPO ix HaOaM-
JKeHHS AesIKUMM MozeasiMu. Jist bOro BU3HA4aloTh Taki BUMOIH:

e 06uaBi GyHKUil MatOTh Oy TH IJIAAKUMH Ta: P — MOHOTOHHO 3pOCTaI04010, P, — MO-
HOTOHHO yOyBaro4o10;

« lim,,, A () =0, mo o3Hayae HEMOSKIMBUBICT JOCATHEHHS yCHiXy abCOIOTHO
HeMiAroTOBJIEHUM BUIIPOOOBYBAHHUM;

« P=P(u,t), P[0,1], o rapantye ycnix BUnpoOyBaHOMY, piBeHb i AroTOBJIEHOCTI
AKOro y 6araTto pasiB [1epPEeBHILYE TPYAHICTb 3aBIAHH,

« PL1) =05 TO6TO MaKCUMAaIbHA HEBU3HAYEHICTh Y NpPOrHO3i pe3ysIbTaTy BUKO-
HAHHSL 3aBJAHHS JOCSTacThCs, KOJIU PiBEHb [iArOTOBJIEHOCTI BUIIPOOOBYBAHOTO Bianosinac
TPYAHOCTI 3aBAaHHA: U = [.

I". Pawu 3anpornonyBsas GopmyJty Uis yHKUii yenixy, sKa OLiHIOE iMOBIpHICTB TOr'O, IO
BUNPOOOBYBaHMUH 3 piBHEM [1iIFOTOBJIEHOCTI U [IPaBU/IbHO BUKOHAE 3aBIAHH5 3 TPy aHICTIO t *:

u _ ult _ G

P: P ult)= — — " 4
@19 u+t l+u/t 1+G )
BianosigHo, 38B0pOTHA 11 (dyHKIiA Ma€ BUNJIAL T. 3B. BiHOILIEHHS ILIAHCIB:
P
1-P W

TpyAHICTH j-ro 3aBJaHHs (¢) Ta piBEHb [iIrOTOBJIEHOCTI 7-F0 BUIPOOOBYBAHOTO (u,)
OLIHIOIOTH 32 JaHUMH maTpuui BiAnosine (a ks

"y

1 W; Yn
N—w, ~Txr = py Y af
= e N - p,; By e MY ez ’ (6), (7)
wy Wy p; M-Y, _ Y 1-=m,
N M

few,— nepBUHHKIN a1 j-ro 3aB/1aHHs; (4acTKOBa CyMa MaTpULL Bi/IMOBizEii 3 j-M CTOBIILIEM);
g niepcoHasibHuil 6an n-ro BUMPOOOBYBAHOIO (4ACTKOBA CyMa MaTpMLli BiNOBieH

3a 1-M PALKOM), & Came; -

N
w,; = Za"j; Y, =) a,. (3), (9)

n=1 Jj=

1 — n — i mecmoéaHuli 6UKOHAg j —me 3a80aHHs NPABUNLHO;
0 — 5 — il mecmoeanuti 6UKOHA8 j —me 3a80AHHA HENPAGUILHO,

anj. =

M — KiNbKiCTb 3aBJaHb Y TECTI;

N — KibKiCTh BUIIPOOOBYBAHHUX IEPCOH,

p; — HacTka MAKCHUMAaIbHOI KiJILKOCTI 6aJliB, OTPUMaHUX BCiMa BUIIPOOOBYBAaHUMH 32
BHKOHAHHS j-TO 3aBaHHs (OLIHKA 1aCTOTH [PaBUJILHOrO BUKOHAHHSA j-T'O 3aBJIAHHS);

T — 4JacTKa MAKCUMAaJIbHOT KiJIbKOCTI 6aiB, OTPUMaHUX 11-M BUIIPOOOBYBAHUM IPHU
BUKOHAHHI M 3aBAaHb TecTy (OLiHKa YaCTOTH NPOsBH MEBHOIO piBHS MiArOTOBJICHOCTI /1-M
BUIIPOOOBYBAHUM).

OcTaHHi JBa BU3HAUEHHS € iHBapiaHTHUMU BiIHOCHO KiJTbKOCTI rpajauii NOPAAKOBOT
IKATY IePBUHHUX olliHOK. Hanpukiaz, AKio [Kaja He AUXOTOMiuHa, a rmoJiiToMiuHa’,

3 CyBOpO Kax<yuu, HACThCs PO CTATHCTUUHE OLIIHIOBAHHS YMOBHOT (anocTepiopHOT) iMoBipHOCTI
piBHsl MiJArOTOBJIEHOCTI CTY/ICHTA.

4 BunaaKoBi €J1eMEHTH MaTPHLLL Bianosinei a, € {HAMKATOPAMM YCIIILLIHOTO PiLUCHHS 17 BUIIPOOOBYBa-
HUM j-ro 3aBaanHs. llpu JMXOTOMIUHOMY OLIHIOBaHHI yMOBHE MaTO4YiKyBaHHs E(a"j) =

3 i : ; e N
5V TecTiB, 3aBAAHHS B IKUX MOXYTb MATH IPOMDKHI BaplatTi Bianosiaek aGo »x B3arajl 1X HE MaTH,
a BiAMOBI/l OLIHIOETHCS B sAKiH-HEOY b [OPAAKOBIH LKA,
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TOOTO Bianosinae Habopy BIANOBIACH, 1O BiAPI3HAIOTLCS 6ajlaMU, TO IIPUHLIMIT OLIIHIOBAHHS
HMOBIPHOCTI OTPHMAHOIO pe3yJIbTaTy Yepe3 4acTKU HaOpaHuX OajliB BiJ MOXJIHMBOIO 3a-
JIMLIAETHCS] HE3MIHHHUM.

OCKINbKH BEJIMUUHU U 1 ¢ — CYMICHI, BOHM ITOBHHHI HAJIEXKATH 10 OMHIET LIKAJU Ta MATH
3arajgbHy OJMHHLIO BUMIPIOBAHHS, IO 3a0€311e4y€ MOXKIIMBICTh MOPIBHIHHS Pe3yJIbTaTiB
pi3Hux TectiB. I. Pai 3anpononyBaB BUKOPHCTOBYBATH /ISl LIbOI'O JIOrapuMiuHy LKAy,
TOOTO MEPETBOPEHHS BUY:

In(u) =60 iln(r)=p, (10)
10 B 0OOEpPHEHOMY BHUIJISIIL AA€:
u=-exp(d) t=-exp(p). 11
3 ypaxyBaHHsM popmys (11) (byHKuiﬂ ycnixy (4), ToOTO HMOBIPHICTH TOTO, 1O 1-i BU-
npo6yBaHym HaJIaCTh IPaBUJILHY Bi/IMOBiAb HA j-T€ 3aBAAHH, HA0YBa€ BULJISLY JOTICTUYHOT
3as1eKHOCTI®
e exp@,-B,) 1

P®...B)=P,= = = ,
©..8,) V@ e 1+eB"'°” 1+exp@®, —B,) 1+exp[—©,—8,)]

(12)

ne 6 — piBeHb MiArOTOBJIEHOCTI #-rO BUIIPOOOBYBAHOIO 3a 1IKaI0k Paina;
i~ plBeHb TPYAHOCTI j-ro 3aBJaHHs 3a 1Kaiow Paiua.

" Jorictnuuuit XapakTep KpUBOL 30epira€Tbesa M U1 3a71€KHOCTI [IePCOHANBLHOro 6any
Y BiJ 3HAYEHHA JATEHTHOT 3MiHHOI. J{sl JUXOTOMIYHMX BiANOBIAEH, 32 BUKOHAHHS YMOBU
JIOKaJIbHOT HE3AJIeKHOCTI 3aBJaHb’ MaTeMaTuyHe ouikyBanus E(Y ) nepBuHHOro 6ay n-ro
BUIIPOOOBYBAHOIO 3a MOAEJLIO Pallia 10piBHIOE:

1
E(Y,) = ZE(a,,,) Z_} _-_11+exp(/3—9) (13)

3a aHanori€lo MaTeMaTU4YHe O4YiKYyBaHHS E(w) IIEPBUHHOrO Oajly j-ro 3aBJaHHs 3a
Moaemo Paiia nopiBHIoe:

E(w,)= ZE(a,,,> Z =5

o 1+exp(B —6) (14}

I[meHHﬂM cymu (13) Ha KIIBKICTB 3aBJIaHb, OTPUMYIOTh CEPEHIO HMOBIpHICTB, 00 O4i-
KyBaHHH BIICOTOK IIPABHIIbLHUX BiMOBIZICH B 3JI©KHOCTI Bi/l 3HAUEHHSI JJATEHTHOT 3MiHHOT 6.

VY Burisiai (12) dysxuis ycmxy Ma€ OJUH MapaMeTp — Pi3HULIO O, - ,[)’ 1 BJIACTHBOCTI,
IO BiAMOBIAAIOTH BUMOraM MO/JIENI.

3 ypaxyBaHHSIM cbopmynu ®©)) pll_LIeHHﬂM piBHsiHHs (12) Oyne:

Ew,) = ZE(a,,,>Z _11+exp(;3 a5 (15)

K€ MO>KHa OOUYMCIIUTH 32 YMOB P ;ﬁ OiP +1.

I}/ " 5
He Ba)xko riokazartu, o p13HMLll0 MK PiBHSIMU I1iIFOTOBJIEHOCTI 72-I'0 Ta /-ro BUIIPO6O-
BYBaHHMX, LLIO Bi/INOBIJa/IM HA O/IHE i TeX came j-Te MMTaHHs1, MOYKHA OLIIHUTH Y TaKHUii crocio:

- B
0,—0,=In —%— |—In| —L—|. (16)
ey -

¢ IHwa Ha3Ba — OCHOBHA JloricTHYHA Moelb Palua (BoHa 10K/Ia4eHa B OCHOBY T. 3B. [ PL-monesi IRT,
(13 L = 3 - : 2

a6o “l Parametric Logistic Latent Trait Model™) [7].

7 Ilin nokaibHO0 (YMOBHOI) HE3AIEKHICTIO 3aBaHb PO3YMIIOTh T€, 110 3B’ 30K MK HUMH MOK/IH-
Bl BUKJIIOYHO ONOCEPENIKOBAHO Yepes JIaTeHTHY 3MiHHYy. Lle npunyiuenns /RT pa3oMm 3 npumyLieH-
HSIM OO0 MOHOTOHHOCTI (hyHKLIT P(g, 1) € HACTUIbKY BAXJIMBUM, LLO MOr0 po3risaialoTh B SIKOCTI
KPUTEPIIO [Uls BU3HAYEHHsI PO3MIPHOCTI IEPBUHHMX AAHMX — MiHIMAbHOT KiJIbKOCTI JIATEHTHUX O3HAK,
HEOOXIZAHMX JUls MMOSICHEHHS BIJHOCHH MiXK 3aBJaHHMM Ta BUNIPOOOBYBAHUMH.

SCIENTIFIC BULLETIN OF THE NATIONAL ACADEMY
102 OF STATISTICS, ACCOUNTING AND AUDIT, 2015, Ne 4



MATEMATHYHI METO/IH, MO/IEJII TA [H®OPMAI[IHHI TEXHOJIOTTI B EKOHOMIL[I

OueBuIHO, 1O piBHsAHHA (16), AKIIO AaHI BIANOBIAAIOTL 0OpaHiii MOAEII, He TOBUHHO
3a5e)KaTH Bij j, TO6TO Bia BMicTy 3aBaanHs. Ll ymoBa mae Ha3By “‘item-free”. AHanoriuHe
MipKyBaHHS IPUBOIMTH [0 HE3AJIEHKHOCTI PI3HHLb (“BiacTaHeii’”) MiXK TPy AHOLLAMU 3aBJlaHb
i piBHSAMH MiArOTOBIEHOCT] BUNIpoGoByBaHoro (“person-free”).

Paiu 0GMeXHB CyMy MapaMeTpiB TPYAHOCTI BCiX 3aBJaHb HyjeM (yMOBa MapaMeTpu-
3auii, a00 KaniOpyBaHHs 3aBAHb):

M
.Zzlf’f:(” (17)

BCTAHOBHMBIIM TUM CAMUM Maciutab /uis napamerpa 6.

®opmynu (15) i (17) npeacTaBisitoTh MPOLIEIYPY LIKaIOBaHHs 3a Paiewm, TOOTO CIO-
¢i6 Tpancdopmallii pesynbraris TecTyBaHHs (6) i (7) 3 IOPAAKOBOI B IHTEPBAJILHY LIKALY (z.
38. RM — mikainy)® . Onuauis RM-1iKany oTpuMaia Ha3By “Jorit’. 3acTocyBaHHs JIOTITIB Y
IRT-MozieJ151X SIK MipH i ATOTOBAEHOCTI BUIIPOOOBYBAHHMX 1 MipH TPY/IHOCTI 3aB/aHb J1a€ Psi/|
nepesar. HaliBa>k/IMBIILIOIO € Ta, 1O Pe3y/IbTaT BUMIPIOBAaHHs B KA/l Paliia 3Ha4HO MeHLUe
3a51eXKUTh Bij BUGipKu BUIIpoGoByBaHux (person free measurement) i HaGopy NUTaHk TECTY
(item free calibration) ni>k y CTT. KpiM TOro, jorit — METpHYIHa OAMHHL, siKa 3a0e3nedye
06’ €KTHBHE MOPIBHAHHS 32 CMHOIO LIKAJIO JOCSATHEHb Pi3HUX CTYAEHTIB 3 PI3HUX yubOBHUX
JMCLMIUTIH, HAA€ MOKJIMBICTH MiJCYMOBYBATH Lii JOCSICHEHHs Ta OyayBaTu 00’ €KTUBHI
peiitunru [6; 7].

PeanbHUIA [iana3oH JIOTIT-OUiHOK HeBeMKHii: Bia -5 no +5. Cepenne apudmeTuyHe
JNOriT-OLiHOK AOpiBHIOE HYTH0. Moro npuitMaioTh 3a noyatok Bialiky. Hynbosa ouinka
BianoBinac curyauii, kosu 50% BUNpPOOOBYBAHHUX BUKOHYIOThH IIPABMJILHO 3aBJAHH, a
50% — HenpaBuabHO. [IpH 3MEHIUIEHHI TPYJHOCTI 3aBAaHHs Ha | joriT IMOBIpHICTH
NpaBUIBLHOT BIANOBIAL 301bLIyeThCA MPUOAM3HO HA 25%, a IpH 301IbLIEHH] — 3MEHILY €ThCS
npu6an3Ho Ha 25%. TakuM YMHOM, 1 JIOTIT NPUGJIM3HO BU3HAYAEC KBAHTHIIL piBus O, . 3Ha-
yenns -2,94 jiorita BiJNOBiIac MPOCTOMY 3aBJAHHIO, Ke 95% BUNPOOOBYBaHUX BUKOHYIOTh
NpaBWIIbHO, a 5% — HENpPaBUIbHO. 3HAUEHHS +2,94 norita, HaBIIaKH, BiANOBIA€ BAXKKOMY
3aBIAHHIO, 1O i cuily 5% BUNPOOOBYBaHHX. JIOTIT-OLIHKHM 4aCTO PO3PI3HSIOTECS Y APY-
roMy Ta TPETbOMY 3HAKY IiCJIsl KOMH i MaIONpUAATHI A5 [IOBIAOMIICHHS BUIIPOOOBYBAHUM.
To6To cuTyallis GIM3bKa 10 TaKol 3 Z-1Kasnoo. ToMy 1iKay JIOriTiB MoAi0HO 10 Z-1IKajH1
NiJJal0Th JIHIMHUM NIEPETBOPEHHAM IJIsI IPUBE/ICHHS OLIIHOK [0 LiJIOrO HEBIA’ €MHOIO
urnsaay. Hanpuxian, neperBOpeHHs BUIY:

6,=Y,,-exp(0,)/[1+exp@,)], (18)
ae Y, — MakcUMallbHUiA Oall TecTy;
nepeHoCUTh 3HadeHHs 0y Aianaso Bin 0 1o Y, .
3a JOCTATHHOI UHCENILHOCTI BUIIPOOOBYBAHMX € CEHC TOBOPHTH PO BiJHOCHI 4aCTOTH
(K OLIIHKHM BiANOBiIHUX IMOBiIpHOCTEH) BipHUX pilueHs (P (»)) Tanesaau (Q;(y)) npu Bu-
KOHAHHI j-rO 3aBJaHHs BUNPOOOBYBAHUMH, IO HAGpaanM OMHAKOBUI 1HAMBIyanbHUH Oan

¥y OEpEY, )
B(»)=P,=N,/N,iQ,(»=1-£,(»=(N,~N,)IN, (19)
SN KiIbKiCTh BUIPOGOBYBAHUX, [0 BUKOHAIIM j-TE 3aBAaHHsA H OTPUMaIM OJHAKOBHH
nepcoHaJIbHUMI 6an y;
N, — KinbKiCTb BUIIPOOOBYBAHUX, 110 OTPUMAIIH OJIHAKOBUI MepcoHaIbHUI 6an y.
Ouinka aucnepcii Benmuunu P, (y) 3 dopmynu (19) nopishioe:

'P_[(y).Qj(y) =Nyj .(Ny _Ny/)
> :
N ~1 AN, —1)
Ockinpku 3a Mose/utto Paia piBeHb MiArOTOBIEHOCTI BCIX N, BUIIPOOOBYBaHMX OJJHAKO-

BUI GN, =0,, y Tepminax (19) dynxuis yenixy BUPIILIMTHU j-T€ 3aBAAHHS BUNPOOOBYBAHUM,
sKuii HabpaB y GalliB PU AUXOTOMIYHOMY OLIIHIOBaHHI, MA€ BUITIAL:

sS’[B ()] = (20)

§ MeTpuuHa cucreMa BuMiprosanb Paiua.
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éy—ﬁj(y) =§Aj(y)= 1n__{3j(y) ; Jell, 2,..., M}; ye{0,1, ..., M}, (21)
o,(»
a HMOBIPHICTb yCIIIXY:
Pilply B, - TN I 22)
1+exp@, —B,) 1+exp[—<0, - B,)]

Sk y popmyuni (16), y dpopmyuni (21) nns 3abesneuenns norapudmysanis mac 6yTu
P(»)#0iP, (¥) #1. Tomy nns orpumansst pitenss 3a gpopmynamu (16) un (20) 10 Kox-
Horo eKCTpemaanoro nepBUHHOrO Gany y = 0 abo y = M, 3BU4aiHO JOAAIOTH HEBEIUKY
KOHCTAHTY, HANPUKIIAJL, 1/150 [4]. .

OuiHka aucnepcii BeIMuuHU 60— B (»), sik nokasano y po6oti [4], nopiBHioe:
(Ny+1)-(Ny +2)
Ny Ny, +1) (N, ~ Ny, 1)

s’[0 —B,(M]=s[C ,(M]=

(23)

SIKILIO 3HEXTYBATH KOPENALIEIO MiXK pe3y/bTaTaMi BUKOHAHHS 3aB/aHb, TO (hopMyIia
(23) nabysae Burnsnay [4]:

o . S, -1, ()] )
SZ(G_Bj)=S2(Cj)=M [‘; N]== i _ =s*(B)), (24)
¥=0 Wy

ne M — MakcuMaJIbHUH NepcoHalbHUM Ga TecTy;

W, — cratucTnuna Bara HabpaHoro 6asa y, TOGTO 4acTOTa NOSBU y cepe/| BCix Gaiis
TecTy (0 =W, 1)
M

s*0-B)= e, (25)

=

s’ [0(]=s*[C (M) +52(C ). (26)

[MOBIleCTb P, ax pyHK1is B, 3a dixkcosanoro plBHﬂ niarorosnenocti 6 =6,
MOBHICTIO OIUCY€E (npomo3ye) NOTeHIiabHi MOMKIHBOCTI 71-10 Bl/ll’IpO6OByBaHOFO 3 plBHeM
MiArOTOBJAEHOCTI §, NP BUKOHAHHI 3aBJaHb BCIX MOJIMBUX TPYIHOILIB B, Tomy ii Ha-
3MBAIOTH XapaKTEPUCTHYHOIO ByHKLUIEIO piBHA Migrorosnexocti 6, (puc. 1, P@=3, B);
P(O,=1, p); P(6,=3, B).

Taxk camo HMOBIpHICTD P sk q)yﬂxum 6, 3a hikcOBAHOIrO 3HAYEHHSI /i Xapakrepusye
MOYKJIMBOCTI Bunpo603y3aﬂnx 3 pi3HUM plBHeM MiArOTOBJIEHOCTI [IPY BUKOHAHHI 3aBJaHHs
TpyAHOL = [, 1 HA3MBAETBLCS XAPAKTEPUCTUUHOK PYHKLICIO TPYAHOLL B, (puc. 1), P(6,
B,=-3); P(6, /)’”—l) P(0, 5,=3) [4]. Abcumcu =6, i 6= [, napuc. 1 € po3s’a3kaMu piBHSAHb:
o*P . - O°P
op* 06’
CTUYHUX (DYHKIIIH.

3 puc. 1 6auuMo, WO 3MiHA BEJIMYUHU 6)0 NPUBOAMTD J10 3MilLLIEHHSA KpuBOi P(f3, 6,) 6e3
ﬂ,e(bopmau,u napasnenabHo Bici abcuuc Ha 6, Bij HYJISL. OpAMHATH TOYOK MEPEruHy 3aBiKIau
llOplBHlOlOTb 0,5. e 3HaueHHst 306epiracTbCst Ay BCIX BEIHYUH HU, TOMY rpac])um P, 0 )
Pe3yJIbTaTiB TECTyBaHHs 71-ro BUIPOGOBYBAHOIO 3a 3aBJIAHHAMM PI3HOIO PiBHS prﬂHOCTl
NOBMHHI MAaTH BUIJISAA HENEPEeXPECHUX KPUBUX OAHIET (popmu. Ananoriuna curyaris
CIIOCTEPIracThesi 3 KPUBUMU P(f3, 6), T06TO 3aB1aHHs Pi3HOrO PiBHS TPYAHOLLI MAIOTh CTBO-
PIOBATH POJAUHY Henepexpecmrx S-00pa3sHuX KPUBHX.

Yu BiAOyBacThCs e B AICHOCTI, 3a1€KNTh Bi/l y3roKeHOCTI BIANOBiJCH BUMOram
IPL-moneni. A came BiJf TOr0O, 41 € BOHH JIOKAJIbHO HE3aJ1€)KHUMM OZIHA BiJl IHILIOT, 44 MaIOTh
3aB/IaHHs OJIHAKOBI PO3/UIbHI 31aTHOCTI i UM AiiCHO BOHH BUMIPIOIOTH OJIHY H Ty % camy

=0 ans /PL mopaeni, TOOTO NpeACTaBsOTh TOYKH IEPETUHY XapaKTepH-
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JIaTEHTHY pUCY BUNPOoGoByBaHuX. KpiMm TOro, u1o6 oTpuMarH CTiMKi pe3ybTaTH, KUIbKICTh
BUIIPOOOBYBAHMX, IO MAIOTh OJHAKOBY OLIIHKY JJATEHTHOT XapaKTePUCTHUKH, IOBUHHA OyTH
3HauHO10. OCTaHHE BBAXKAIOTh 3a Heaonik / PL-moneni, a Takok /RT B 1IJIOMYy.

1 . \
y i b 0
0.9 = N ) .l T
0,§ % g( \Q E{ —&— P(0, pO=1)
& gé ﬁl\ / N )( —a— P(6, PO=-3)
§__ 0,5 L) >< X —=—P(6, p0=3)
=z N —e—P(60=1. B)
S 04
z 0, A/ Il ”/ % \R —a— P(60="3, B)
0,2 \ - —&— P(60=3. )
0.1 4 | - TL
0 B o S, e \Z\I:i
3

-6 -5 -4 -3 -2 -1 0 1 2
RM. sorit

4 5 6

Pucynok 1. /RT-xapakTepuCcTHKHU Pi3HUX piBHiB miarorosJjenocri 0,
(cBiT/i Mapkepu) Ta piBHiB TPpyaHOWi £, (TeMHi MapKepu).
Jkepesio: po3paxoBaHo i moOy 0BaHO aBTOPOM

Ipadixu P(B,0,), P(0, ) Ay»*e CilyLLIHUMH [UIsi OLIHIOBAHHS BIACTUBOCTEH TECTY i TOMY
MaloTh Ha3BY xapaKTepMCTuqHux KPUBHUX (Item characteristic curve — [CC) anOBmHo
JIATEHTHOI 3MIHHOT, 3aBAaHHs Ta TecTy B Lijiomy. 3a @. Jlopgom [8] ICC niist Tecty B LiIOMY
NPEICTABIISIE PErPECito NepCoOHANIBLHOrO Gaily Y Ha naTeHTHY 3MiHHY 6.

OueBHAHO, 110 YUM OUIbII KPYTOIO € XapaKTEepPUCTUYHA KPUBA 3aBIAHHS, THM OLIbIL
BY3bKHUM € IHTEpBAJ, HA AKOMY Lie 3aBHaHHs audepeHLitoe BUIpoOOBYBaHUX 3a PIBHEM iX
M1 ArOTOBJIEHOCTI, ¥ TUM OUIBII BUCOKOIO € po3/iibHa (IudepeHLitoBaibHa, TUCKPUMIHALIIIHA)
3JaTHICTh 3aB/IAHHA.

Jo peui, OKpiM CTATUCTUYHNUX METO/IB BU3HAUCHHS PO3/LILHOL 3JATHOCTI TECTY, NPO
sIKi #L1a MOBa paHilue [2], SIKILO MiAXOAMTH [0 LbOTO MOHSTTS K 10 JOBKHHH NPOMIXKKY
A6y noritax Ha LIKaJIi piBHS MiATOTOBJIEHOCTI, SIKWM Bianosigae Kpoky AY=1'", To po3ainbHy
3/1aTHICTh MOYKHA OLUIHUTHU apriori. JIjsi 1bOro JOCTATHO OOUYMCIUTH 3BOPOTHE 3HAUECHHS
yacTkoBoi noxiguoi Gpyukuii ¥, = (0 ) no € i npuiinaru 0Y, =1. Hanpuknan, aus mozeni

Paina:
(ZP", -Qn,»], (27)
Jj=1

0i(0) npnsonyTTb 110 OLHOK 4/M < AO <11/M 3 CKB s5(A6) = 2/ M.
A. Bipubaym [9] yBiB y monenb Pawa apyruit natentauii napamerp (d)'":

- expld;-(©@,—-B;)] - 1
v 1+expld,-@,-8,)] 1+exp[—dj-(9,,—l3,~)].

AB, ~

(28)

Lle#l mapamMeTp OTpUMAB Ha3BY KPUTEPIIO PO3ALILHOT 31aTHOCTI 3aBanHs, abo Haxuay ICC
3aBaaHHs1. B 3a71€)KHOCTI Bl BEJIMYHMHU a’ ICC 3aBganHs MOKe 3MiHIOBaTH (hOPMY BiA PSAMOT
110 cTpuOKonoAiOHol (puc. 2).

YacTo B 00YHCIIOBAJIBHUX LIsgX 10 yMoBHU (17) ayst 2PL-Mopaesi 101a€ThCsl yMOBa

napaMeTpHu3awuii: M
1___1[‘11- =L (29)

. [106y11034 MHOXHHHOT JIIHIAHOT per pecii Y Ha GiHapHy 3MiHHY @, € HEKOPEKTHHMM, OCK1JIbKH JliHIHHA
PErpecisi NPUIlyCKae HEAMXOTOMIMHICTE a, . JloricThune HLp(.TBOp(,HHﬂ 3HIMAaE Lo 1podIiemy.

' To6ro saxwwo |0, - 6,| < A, To po3pizuuTH 0, 1 0, 3ac06aMH NaHOTrO TECTY HEMOXKIIMBO.

! [IpuiiHsiTa Ha3Ba — ABOMAPAMETPHUUHA Mo,uenb BipHGayma (abo 2PL IRT-model).
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JBonapamerpuuna /RT-monens (28) no3Bossie 3a pe3yJibTaTaMu pOOHOro TECTYBAHHS
BIAOMPATH 3aBJIaHHS, ONTUMAJIbHI K 32 TPYAHICTIO (3 MOJIOKEHHSIM Ha Bici abcuuc), Tak
132 PO3JIBHOIO 3aTHICTIO (32 HAXUIIOM KpuBoi). Bupomxkena y npamy ICC (11o3. 2 na
puC. 2) SIBHO HE MiZXOAMTh YEPe3 HEAOCTATHIO PO3/AIIbHY 34aTHICTD, a cTpubkonogiona
(mo3. 3 Ha puc. 2) — nyxe epexTUBHO AUDEPEHLIIOE THX, Y KOro ouiHku meuiue 1,45, ta
THX, XTO OTpUMaB Ouibiue 1,55 norita, aje ue 3aHaATO BY3bKUii Aiana3od. OnTHMAIbHUM
MO’KHA BBa)KaTH 3aBAAHHA 3 PO3/LIbHOIO 34aTHICTIO 0,6—2.0, OCKIJIbKH BOHH OXOILTIOIOTE
OLIIHKH BiJl -5 10 +5 JOriTIB.

.

el

L

N

St
Ex
\

IMoBIpHICTE npakILIol B ok, P

-—-—""M
| Lt 2
0.2 // 3
0 =
% 4 2 0 2 4 6

[MigrotoaneHicts, &
Pucynoxk 2. Xapakrepucruuni kpusi Tpyanocri 3apaaunn 0. =8
3 PI3HUMU PO3ALTLHUMH 31aTHOCTAME: 1) dj= 1;2) d/ =0,1; 3) dj = 100.
Jlxepeso: po3paxosaHo i 10Gy10BaHO aBTOPOM
Yacto BBaX)akoTh, 0 MapaMeTp HAXHIY JIIHIIHO NOB’ A3aH Uil (3a nesikux yMoB) 3i

3MIHHOIO HABaHTAXKEHHs Y (paKTOpHOMY aHami3i. SIK BiAMIYAIOTH asropu [10], 3a npumny-
LICHHAM HOPMaJIbHOIO po3noainy &:

J ’1—pf’

Ae p, — KOPILIEHT KOpeaLil BiANOBiaeH Ha napasebHi 3aBaHHs.
box i AiiTkin [11] 3BepHyu yBary Ha Te, 1o Bupa3s (28) MoskHa NPEACTABUTH Y BUIJISIIL:

(30)

P, ={l+exp[—(c, +d; -3, Ny (31)
nec,=- d/il..
“BianoBigHo aua moaeni /PL maemo:
F, ={l+exp[-(c, +d -8,)]}", (32)
Aee, = a’.[)’/..

Jlorapudmysanusm, Hanpukaan, Bupasy (32) OTPUMYEMO PIBHSIHHSI:

n

Ig =c;+d-0,, (33)

1-F,

LLIO [IPE/ICTABJISE PIBHSIHHS PErpecii 31 3MillIAHUMM BIUIMBAMU (GaratopiBHeBa, abo iepapxiuna
MO/IeJIb: BIAMNOBIAL HA TMTaHHS PO3IIISAAIOTH AK PiBEHb |, O BKIAAEHMIA Y PiBeHb 2 3aBJ/1aHb).
115t OULIHIOBAHHS NAPAMETPIB LILOrO PIBHAHHS MOYKHA CKOPUCTATHChH CTATHCTHIHIMH TaKe-
tamu: SAS (PROC NLMIXED), USEPA, Stata Towo.

Ik BIIOMO, NIOriCTHYHI KPUBI BITHOCATBCS 10 POAMHK byHKuUi#, 110 MarOTh po3noin

N F(Y)=(+e)" (34)
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3 IMCTIIEPCIELO:

1(n)
o)== —
) - ( dj (35)
ne d — napaMeTp, 110 Bh3HA4Ya€ HaxXuJI (moxiziHy) KpUBOT B TOYLLI IEPErHHY.

Baxxingo, o 3a d = 1,7 dyHxuis (28) € maiike TOTOXKHOIO HOpMaJIbHIN CTaHJapTHIM
iHTerpaabHiil KpUBiK PO3NOALLY iiMOBipHOCTI (HOpMaJIbHiH OriBi) N(0, 1) ). B ubomy pasi,
K10 6aau BUMPOOOBYBAHOIO HalAaHI y floritax uM Z-oliHKax, Iioia i orisoto Oyne
3aByK/IM MeHLe 1, il OriBy MOXKHA HaiHHILIE TPAKTYBATH AK HACTKY BUIIPOOOBYBAHHX, 5Kl
YCTiLIHO BIOPATMCS 13 3aBAAHHAM, B 3aJ1e)KHOCTI BiJ piBHA 6.

Tomy Mozesb 2PL B OCHOBHOMY 3aCTOCOBYIOTh IPH 3HaueHHi a, 6ausbkomy a0 1,7.
3okpema, y (28) 3amicTh d BUKOPUCTOBYIOTh 1,7d, 1110 403BOJISIE ONEPYBATH 3 MOJCJISIMU
JPL i 2PL npu 0,9 <d < 1,1 3 nosuuii 106pe BUBYEHOr0 HOPMAIbHOIO 3aKOHY posnoainy
iimosipHocTi [4].

3roaom A. Bipubaym yaockoHanus 2PL-mojeb Uis 3aBAaHb 3akpuTOi POPMH, YBIBLIH

70 Hei 3 MEeTOI0 KOMIIeHcalll KMOBIPHOCT1 BrazyBaHHA NpaBUILHOT BIANOBIAL TPETIii napa-
metp ¢,'*:

P, =c+(1-c){l +expl-d(6,- A}, (36)

me ¢,— iMOBIpHICTb Bra/lyBaHHs NPaBUILHOT BiAMOBIA HA j-€ 3aBAAHHS".

OueBnaHO, 1O Meka QyHKuil (36) 3a 6 —-© NOpiBHIOE ¢, TOOTO i rpadik Maec ropu-
3OHTAIBLHY ACUMOTOTY P(-00) = ¢. 3aBIAKH LIbOMY MOHATOK ICC'y 3PL-mMoneni BUsBISETLCSA
sMilllEeHMM Bropy Y3[0BK BiCi OpJAMHAT HA BEIMUYHUHY C), LIO BU3NBAC i1 BUpOIKEHHS, i
BiAMOBIAHO, 3MEHILEHHS PO3/LILHOT 3paTHOCTI (puc. 3).

- ’ ‘
= 1 =
e o0 N TR
- R B W 7
5 2
2 08 - ,
e /1—' o
R oy L)
m-acﬁ - .
oy Bl e - .
- O e g
2 8 Ll
%-m04 = —
2 i, oot
P 0.2 <
0+ f et !
-6 -4 5] 0 2 4 6

[linroTOBNIEHICTD, ©

Pucynok 3. ICC 3 pisHUMH 3HAUCHHSIMH NapamMeTpy BrajyBaHHs.
Jlkepesio: po3paxoBaHo i o0y 10BaHO aBTOPOM

sIkuto = 6, 10 sunpoOysani maroTh (0,5 + 0,5¢) -100% waHciB paBUIbHO BUPILIUTH
sapaanns [7]. TlapameTpy ¢ 3a3BUUAil 3a1at0Th M04ATKOBE snauenns 1/K, ne K — KiabKiCTb
BiAMOBiAEW HaA 3aBJaHHS.

3PL-monenb ckiaada s peanizauii (/CC 4acTo nepexpeluyrorhes, ToMy 10 nindopy
3aBaHb TPeOA MiAXOMTH PETEbHILIES) i Mac MeHLy TOUYHICTb. MabyThb, ToMy 2PL-MOze/b
HabyJ1a GiIbLIOT MOMYJIAPHOCTI Y HABYAILHOMY TEeCTyBaHHI.

OJIHMM 3 HAIIBAXKITMBILIMX OKA3HUKIB AKOCTI IRT-moneneii € indopmariiita GpyHKLis
diuepa, 110 BU3HAYAE KiILKICTH indopmattii /(6)) npo naTeHTHY 3MiHHY 0, 11O MiCTUTBCS Y
nepBuHHOMY Oasi 1-ro Bunpobosysanoro [12]: :

18,)=21,,B), 37

12 TpuriapameTpuuna moaeib bipnbayma (a6o 3PL IRT-model).

¥ [HOAI ¢, HA3MBAKOTH TAKOK piBHEM M1CeBO-YCI1iXY, 200 MOBIPHICTIO MPABUIILHO BUKOHATH 3aBAAHHS
ISl THX, XTO Ma€ MiHIMallbHHI piBEHb [iIrOTOBJICHOCTI.
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ae
e ans /I PL-mopneni:

1;8,,8,)=P@,,8,)-0,.8,), (38)
* ans 2PL-mopeni:
1,(8,.8)=d;-P@,,B)-0@,.B,), (39)
*  ana 3PL-moneni:
(PO,,8)-¢,I' 06,.B) |
(1-¢))? P@®3,.B)’°
/, (9,,_, B, — KUIBKICTh iHOpMaLLiT 1100 pisHmL 6, - 3, wo MicTuThes y a,-My efieMeHTi
MAaTpHULIl BIANOBIACH.
[HwMMK cioBamu, indopmauiiina GpyHKLIsS XapakTepH3ye TOUHICTD BUMIPIOBAHHS
Asist 0Ci0, sIKi nepedyBaroTh Ha Pi3HUX piBHAX O (puc. 4); OLIbL BUCOKA iHpopMaLiiiHicTh
Mo3Hayac OLIbII BUCOKY TOUHICTh, TOOTO BU3HAYAE THX, /U1 KOFO KOHKPETHE 3aBaHHs

(puc. 4a) abo TecT y uinomy (puc. 46) € HAHKOPUCHILLIMM 3 TOUKH 30py audepeHuianii piBHs
MiArOTOB/IEHOCTI.

1,(9H,B,)=df-[ (40)

16 I
1.4 //
s | 5)
12
= 1
Z 08
4
- 05
0.4
02 /"_/x X~\i)‘)(
X/x \.X\
N el i S
397  -315  -243 174 -102 022 064 1.51 238 3,27 4,22

PiBeHb NaTEHTHOI 3MIHHOL. JIOTIT

Pucynok 4. lpukaan indopmauiiinoi pyukuii 3aBranus (a) ta TeCcTy B uijiomy (0).
Jlkepeno: pospaxoBaHo i n0Gy10BaHO aBTOPOM

®opma indopmauiitHoi GyHKUIT 3aBAAHHS 3a1€KNTH Big HOro napameTpiB. Yum
BHILE AMCKPHMIHALLIHHA MOXKIMBICTh 3aBAHHS, THM GUIbLI YiTKO BUPAKEHHMIT MK MaTHMe
iH(popmattiiina GyHkuis; TOOTO 36inbLIeHHS MapameTpa JIMCKPUMIHALIT MIJABUILLYE TOYHICTD
iH(opmaii 1010 BUNIPoGOBYBaHHX, UHi PiBHI IaTEHTHOT XapaKTEPUCTHKHU 6 1exaTh nopyu
31 3HAUEHHAM f TPYAHOCTI 3aBAAHHS.

Ha koxnomy pishi 6 indopmauiiina pyHKuis npUEAM3HO TOpiBHIOE O4iKYBaHOMY 3Ha-
YEHHIO 0DEPHEHOr0 KBa/IPaTy CTaHAAPTHOT NOMHUIKH A-oLtitkH [8]. Unm meHiie CTaHAapTHA
MOMHUJIKA BUMIptOBaHHs (SE): l

m, (41)

THM Oublue iHpopmauii abo Giabll BUCOKY TOUHICTb LIKAIH 3a0e3neuye ouinka 6 (quB.
puc. 4). O4eBUAHO, 1O HAHBHIIA TOYHICTH 10CATACTHCH Y cepeauHi RM-wikanu (ans
“XOpoLIMCTIB™), a G-OLIHKH Ha KpasXx LIKaJIU CTalOTh HECKIHYEHHO BEJIUKUMU. TOOTO Haii-
Ba)KU€ PO3PI3HATH “HeyKiB™ Ta “BiAMIHHHKIB”.

s(0)=SE(9)=
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BaxknuBo, 1o Ha BiaMiHy Bia CT7T, 1e OAHAKOBI pEUTHUHIU MPEACTABIISAIOTH OJIHAKOBUH
piBeHb JJaTeHTHOI pucHu 6, B IRT OGepeTbCs 10 yBaru, siki came 3aBaaHHs OyJIM BUKOHaHI
MpaBUJIbHO, a KI — MOMUIKOBO. OCOOM 3 OJIHAKOBUMH CyMapHUMHM OanaMu, ajie 3 pisHUMH
3pa3zkaMu BiAMNOBiaeH MOXYTb MaTH pi3ui /RT-ouinku 6. JltoauHa Moe BIAMOBICTH HA
OiIbLI AMCKPUMIHALIIAHI TA CKJIAJHI 3aBAAaHHS i OTPUMATH OUIbLI BUCOKY OLLIHKY 6, HiX Ta,
AKa BIAMOBLIA HA TAKy K KUIbKICTb 3aBJaHb 3 HU3bKOIO AMCKPUMIHALICIO a00 CKIIALHICTIO.

OnwucaHi BULLIE MO/JIEJI MOKHA BBaXKaTH pyHaamenTom Paiu-ouiHtoBanHs. Ha ix ocHOBI
Ha CbOTO/IHI PO3p00OIIeHO OUIbLI CKJIAAHI i TOYHI MaTeMaTHUYHI MO1eJ1i TeCTyBaHHs (AeTasb-
HUI oryisia AuB., Hanp., [13]). Cepen HaliBigoMiunx Paiu-mMonenei, 110 BAKOPUCTOBYIOTh
noJiiToMivHui popMar BiANOBIAL, BIAMITUMO:

1. Graded Model (monens 3 pikcoBaHMMHU KaTeropisiMmu (piBHsIMH) BiaAnoBiaeH, TOOTO
KOJIM BIAMOBIAb MPUB’si3aHa K neBHOMY Oasy; aBtop F. Samejima).

L{st Moaenb ctana 6a30BOIO AJIS IHIIKMX MOJE/IEH, OCKIJIbKK B Hil Briepwe 0yJio
3a(piKCOBAHO MOHSATTSI PIBHS Y BU3HAUEHHI HMOBIPHOCTI TOro, 11O /- BUNIPOOOBYBAHU I
CXBAJIUTh A-Ty BIAINOBI/Ib HA j-T€ 3aBJAHHS:

P(anj =k10,) = {1+ exp[- dj (6, 'Bjk )]}l —{1+exp[- dj'(en'Bij)]}-la (42)
aek=1,..., &3

K, — KiIbKICTb BIANOBIACH y /-MY 3aBAAHHI;

d, — napameTp AMCKPUMIHALLT /-rO 3aBAAHHS;

[i/.A — mapaMeTp TPYAHOLLI j-rO 3aBJaHHs Ha K-My KpoLll HOoro BUKOHaHHs (k-it mopir),
npu ubomy ff, < ... <f, < ,[/AJI 1B, =

2 Nommal Moa’el (HOMIHa.leHa MOJIe/Ib; PO3BMBAC MONEPEHIO MOALIIb 1 103BOJIsIE
BU3HAYMTH, SIKI albTEPHATUBHI BIAMOBIAI MOB’s3aHi 3 OlJblI BUCOKUM piBHEM 65 aBTOp
R. D. Bock).

3. Partial Credit Model (moaenb 4acTKOBOI'O OLIIHKOBAHHS, A00 MO/1€/1b OLIIHIOBAHHS
3aBJaHb, IO CKJIAJAI0ThCS 3 AEKIJIBKOX MUTAaHb, PO3B’3yBaHUX MOC/IIOBHO, OLIHKH 3 sIKi
3J1€KUTh BiJl KUJIBKOCTI MPAaBUJIbHUX BIANOBiAeH (MOA0JAHUX MOPOrOBUX KPOKIB); aBTOP
G. N. Masters [14]).

4. Rating Scale Model (Moaenb peTHHIOBOT LLIKAJIK; BC1 3aBJAaHHS MAIOTh OHAKOBY
KIJIBKICTb KATEropii OLIHIOBAHHS, TPYAHICTb 1 PO3ALJIbHY 34aTHICTL; aBTop D. Andrich).

5. Many- facet Rasch Model (6aratronapamerpuuna /R7-MoAe/b; NPEACTABISAC PO3-
lwMpeHHs mojeni Paiia 3 JOBUIBHUMM MIPOMDKHHUMH KATEropisiMM BUKOHAHHSI 3aBaHb Ha
BUIIA0K, KOJIM 10 PO3PAXyHKY BKJIIOHAIOTHCS HE TUILKH [TApAMETPH 3aBAaHb Ta BUIIPOOOBY -
BaHHMX, a i mapaMeTpH eKCIIepTiB, sIKi OLIIHIOIOThL BUKOHAHHS 3aBaHb; aBTop J. M. Linacre).

6. Multidimensional Rasch Model (baraToBuMipHa MOJieJIb, B SIKIH PiBeHb MiATOTOBKH
BUIIPOOOBYBAHOIO BU3HAYAETHCS AK JIiHIMHA KOMOiHauis a0o 100y TOK AEKIILKOX MPUXOBa-
HUX 3MIHHUX; aBTopu M. Wilson Ta iHwui. JleranbHuii ornsia HaBeaeHo y [13; 14].

Kpim Toro, icHye kyac /RT-Moaenei, B sIKMX NpUIyLLEeHHsI MOHOTOHHOCTI Ta JIOKAJIbHOT
HE3aJIeXKHOCTI 3aBAaHb rnocyadneni abo 3usTi. Lle moaeni, 1110 po3KIaaaoThest a0 MICTSTh
0OME)KEeHHS Ha napamMeTpH 3aBJaHb, KJjlac HernapaMeTpuiHUX Moaesiei ta inur. [13].

KopoTko 3ynMHUMOCH Ha MOAEJII 4aCTKOBOIro olliHtoBaHHs (PCM) [14], wo siBsie co-
ooto aganTaiito 2PL-moaeni 1ist MOAITOMIYHUX TECTIB.

3rigHo 3 PCM-Mmonennio yMOBHA KMOBIPHICTb TOTO, IO #-i BUNIPOOYBaHUNU NpH
BMKOHAHHI /-I'0 3aBJAHHSI [IPABHJILHO BIAMNOBICTb HA g NMUTAaHb (BUKOHAE g KPOKIB) 1 Habepe
g OaJiB, JOPIBHIOE:

exp[il,? vl (0, —8 5 )
P(Y; = g|0,,napamempu 3aedamv) = T ~ =

n/g I
/Zexp[z 1,7-d,-@,-5 ,)]
=0 h=0

exp{1,7-dj-[g-9,,—25j,,]} (43)

Zexp{l7 d [, ZSJ}

[ =)
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Ae d, — napameTp po3iibHOT 3AATHOCTI /-0 3aBAAHHS;

m, — KUIbKICTb BapiaHTiB (kaTeropiii) Bianosizaeii y j-my 3aaauni;

0, — PIBEHb TPy HOLLI (1OPIr) ~-ro KPOKY BHKOHAHHS j-rO 3aBAaHHs'";
1/. — MAaKCHMAJIbHO MOJKJIMBA OLIIHKA 32 BUKOHAHHS /j-ro 3aBaaHHs; [ = m ;

Jid

£ — KinbKicTh GaniB, HAGpaHUX 3a BUKOHAHHSA j-ro 3aBaanns; g =0, 1, ..., /.
st cnpolueHHs po3paxyHKiB NPUHMAaKOTh:
g g
Sjo=0, i exp[D>_(8,~8;)]=exp[ YO, —35;)]. (44)
h=0 h=1

He Ba)kko nokasarwu, 110:

P,
In(— ) ~In{exp(>_1,7-d, -0, 5,1} ~ In{exp[3L7-d, @, -5 ,)]} =
h=0

njg+l h=0

(45)
=1,7-d,; -6, -8,),

Dopmyna (45) npeacrapisic KoMmnakTHUit 3anuc PCM-moneni, NPpUIATHHHA s
JIIHIHHOrO OLIHIOBAHHS.

Ha puc. 5 naBeneno npuxnan /CC nns 3aBaaHHs 3 m/=4, ‘5//::{'3; -0,5; 0} 1 a’/=l/],7.
Jlerko 6aunth, wo nepernun /CC, sAKi NpeacTaBAsIOTH iIMOBIPHOCTI OTPUMAHHS OLIIHOK &
i g+1, BinOyBaioThes y Toukax 6 = ),,» AOCLMCH SIKMX BIANOBIZAIOTH TPYIHOCTI BUKOHAHHS
BIANOBIAHOrO Kpoky. Hanpuknaz, CTyaeHT i3 piBHeM niagrotossieHocti § = -3 3 PiBHOIO
iiMOBIpHICcTIO (P=0,5) oTpumac 3a 3aBaanHs ouinky 0 a6o 1, To6TO nopir TpyAHOCTI rnepe-
xoay 3 karteropii ouiHok 0 y kareropito ouiHok | csirac -3 norira.

1,2

1 /‘/.—:.

ImosiphicTs, P(Y=g|0,2=0,6)

IMixrorosienicre, 6, jgorit

Pucynok 5. XapakrepucTruuHi KpuBi TPHKPOKOBOTO 3aBaaHus.
Jbkepeno: po3paxoBaHo i 106y 10BaHO aBTOPOM

3a npuIy LIEHHAM JIOKAJIbHOI HE3aJ1€5KHOCTI 3aBAaHb (“YMCTOTH TECTY”’) Ta HAABHOCTI
oHi€el (6a30BO1) JIATEHTHOT 3MIHHOT, L0 BU3HAYAC HMOBIPHICTb MPABUJILHOT BiANOBIAl BU-
poOOBYBAHOrO, CI1ijIbHA YMOBHA IIMOBIPHICTh OTpUMaHHst Y Ganis y TecTi 3 M 3aBaaHb, a60
(yHxuis npaBaonoaiGHOCTI AMCKpeTHOT Bemuuuu Y, nopisHioe: (46)

M m
L(Y |6,, napamempu 3aedamns) = H H P

njg ?

Jj=1 g=0
A€ u,, — IHAMKATOPHA 3MiHHA, IO BU3HAYAECTHCS, SK:
_ 1 sakwo Y, dopienioe g ;
g 0y npomunescrnomy eunaoxy.

3HaXO/KEHHSI MAaKCUMYMY GyHKLIT (46) wasixom niadopy napamerpiB moaei
€ YW HE HAUMONYJSPHILUMM aJIFOPHTMOM, 11O OTPHUMAB HAa3BY METOAY MAaKCHMAalbHOT

'Y IMXOTOMIYHOMY BapiaHTi OLIHIOBAHHS 3aBAaHb iCHY€ TUIbKM ABi KaTeropii ouinok: 0 ta 1.
Bianosiano m =2; ()‘m =d.
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npaBAoIoaioHOCTI (likelihood). B 0GuucaiOBasIbHIM MaTeMaTulll 3aja4a BU3HAYEHHS
NapaMeTpiB MOJIeJli POLIECY 3a BUMIPIOBAHHSAMU HOTO BUXO/1y HA3MBACTLCA 3BOPOTHOIO 1 Ha-
NIEKNTh 10 KJIACY HEKOPEKTHO nocTaBieHnX. OCHOBHOIO 11 Mpo6IEMOIO € CHIIbHA Yy TJIUBICTD
PO3B’A3KY 10 HEBEJIMKHX BiIXWJIEHb BXIZHHX IaHUX (amB., Hanp., [15]), Tomy ocobauBa yBara
MPUALIAETBCS cTabinizaiii po3B’si3Ky.

Y pobori [16] ctBepakycThes, 1o PCM-Moaesb npuiaTHa s 00po0GIIeHHs BiANOBi1eH
Ha 3aBAAHHS HA BCTAHOBJIEHHS BiIMOBIAHOCTI 3 MOMJIIMBICTIO BUOOPY JNEKLJIbKOX MPaBUJIbHUX
BiMOBiAEH Ta B IHLIMX MPAKTHYHHUX BHUIIA]KaX. OHAaK CJIi BIAMITUTH, 1110 MOXJIMBOCTI
jactocyBanusi PCM-moneni (42) 10 pe3y/bTaTiB peaibHHuX nejaroriyHyux TecTiB dararbma
JOC/TIHMKAMH CTaBMIMChH Mijl CyMHIB (auB. Hanp., orssa [17]). 3okpema, BOHH BiAMIYaJIH
TaKi i HeJOMIKHM: nepcoHasbHi 6anu y PCM niHIHHO 3anexarh Bi/ iHAEKCY KaTeropii, a BCi
JCC MOBMHHI MAaTH OHAKOBMIi HAXMII. 3r0/I0OM OCTAHHE OOMEXEHHs OyJI0 3HATO y T. 3B.
y3aranbHeHeHiit PCM-moneni, abo GPCM, sKy 3anponoHysas E. Mypaxi [18]:

sapl Y Ted, 8, =B~ 80
h=0

J

P(y, = g|0,, napamempu sasoanv) = b, = (47)

m

[/
exp[zl,7 'dj (6,. _Bj - th )]
1;=0 h=0

nefl,—akiy nornepeaHix Gopmysiax, MOKa3HUK TPYAHOCTI j-rO 3aBAaHHS;

d, — 3Ha4eHHs MOpOory TPyAHOCTL KaTeropii g B j-MY 3aBJaHHI, a 1HLII MO3HAYCHHS

cniBnaaaroTh 3 Takumu y popmyi (42). [lpu uboMy uist noJajiaHHs HEBM3HAUEHOCTI BCTa-
HOBJIIOIOTb YMOBH [apamMeTpu3auii:

8,=0i2.8,=0. (48)
h=1

Ha moneni PCM i GPCM ny»e cxoxa MOjielib PEUTUHIOBOT LIKAJIH. Ii BiaminHicTb
nossrac B TOMy, 1O KPOK 33 RM-LIKan0l0 MUK PiBHAMH TPYAHOCTI KaTteropiit B Hill [uist
KOYKHOTIO 3aBJaHHs € OJJHAKOBHUM!

g
exp[D ©, -8B, —b,)]
P(y,=g10,, napamempu 3aedamnv) =P, =— At =
>exp[D> O, -8B, —b,)]
1=0 h=0

2 (49)
exp[g (e,, = B/) - th)]

R-jg = - o
abo In(—*-)=6,-B,-b,,

K by P,
S expll- (6, - B,)—> b)) b
. S0, -80=0:
h=0

b. — piBeHb (MOPIr) TPYAHOLLI j-rO 3aB/1AHHS 32 RM-1ukanoro.
opisHioouu (42) i (49), nanpukiiaz, 6a4MMo, 1o nepexia Mk HUMHU 3A1HCHIOETHCS
3aMIHAMM:

g
60,-35, =g-0,-B)-3b 1:0,-38,=1-0,~B)-2h.
h=0 h=0 h=0 h=0

GPCM-Mo/eb ChOrOHI € OJIHUM 3 OCHOBHHUX {HCTPYMEHTIB OLIHIOBAHHS IOCATHECHb
CTY/JEHTIB i BUIYCKHHMKIB HABYAILHUX 3aKJIa/1iB cnyx6amu TectyBants CIIIA (NAEP, SAT,
GRE), a Tako>k HEOAHOPA30BO BUKOPHUCTOBYBAJIACH Y BEJIMKOMACIITAOHUX JOCIIKEHHSIX,
y ToMy uucii y Hayionanbnomy oyintosanni nasuanbno2o npoyecy (NAEP) y clHIA,
Hayionanbnomy obemesicenmi pieHs nUCbMeHHOCMI 00POCIUX (NALS) y CLLIA, midicnapoOnux
02n10ax NUCOMEHHOCMI Ma AHCUMMEBUX HABUHOK OOPOCN020 HACCNEHH S (IALS/IALLS). 3
BUKOpUCTaHHAM /RT-Mo/ieel MpaLioioTh 6arato oprauizauiii 3 ceprudikauii cneuianicris
3 NPOrPAMHOrO Ta arapaTHOro 3a0e3reueH s, TAKUX AK European Computer Driving License
Foundation abo Thomson Prometric.

(NMPOOBKEHHS CIIIJ1Y€)
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H. E. CHHHIIKHH,

Kanouoam ¢huz.-mam. nayk, ooyenm,

doyenm Kagheopvl UHGOPMAYUOHHBIX CUCMEM U MEXHONOUTE
Hayuonanvnan axademusi cmamucmuxu, yuema u ayouma

CTraTucTiHyeckne MHCTPYMEHThbI H3MEPEHHsI KauecTBa 06pa3oBaHMsl.
Yacrte 3. CoBpeMeHHbI TOX0/1

IIpedcmasnen 0630p cmamucmuyeckux ocnos mecmonoeuu. Onucanst 6azoevie 3adauil,
MamemamuiecKue Mooeau u 0OCHosHble pacuemmbie Gopmyast coepemennoti (IRT) meopuu
mecmuposanue, nO36ONAI0Uee U3 CIAMUCMUYECKUX NOZUYUL OYECHUMb NPABUTLHOCIb NHO-
CMPOCHUS, paspeuenue, Cmanoapmmylo OuUUOKY U HAOEICHOCHb MECMOBLIX UIMEPEHUL.

Kniouessie cnosa: knaccuueckas meopus mecmuposanus, ucnsimyemvie, oyenxu, mecm,
IRT-mo0ens, PL-modenb, PCM-modens, wxanra Pawa, N02UM-0YEHKA.

M. YE. SINYTSKYI,

PhD (Phys.-Math.), Associate Professor,

Associate Professor of Department for Information Systems and Technologies,
National Academy of Statistics, Accounting and Audit

Statistical Tools for Measuring the Quality of Education
Part 3. Classical Approach

The article presents an overview of the statistical grounds of testology. The purpose of
this paper is to explain the inexperienced readers, such as teachers of economic disciplines,
opportunities of improvement of quality of education with the utilization of objective and
impartial tools of students’ achievement measurement, known as tests.

The first part of the article overviews the shortcomings of the traditional system of
evaluation of educational achievements that is built around the use of ordinal scales. The
limitations imposed to the possibilities of statistical processing of the raw data by the
type of scale are shown. Basic tasks, the corresponding mathematical models, statistical
characteristics and sub-test score evaluation reliability formulas are described.

The second part of the article describes approaches to the determination of reliability,
uniformity and resolution of the test, built on the analysis of the correlation between students’
answers to the identical questions asked. Options of conversion of primary points to a
quantitative scale are provided. Ways of lowering the probability of correctly guessed answers
are shown. The approach to processing of results of complex test structures is given and the
possibility of utilization of two-factor analysis of variance (2 Way ANOV A ) for dichotomous
tests reliability estimation is demonstrated.

The third and the fourth parts of the article are devoted to the modern theory of tests
(IRT).

The third part provides an analysis of shortcomings of the CTT, which were the main
Jocus of efforts to overcome of IRT supporters during the last 60 years. The theoretical basis
Jor building a Rach model and its subsequent developments is described. The methodology
of estimation of properties of the test by its characteristic curves and parameters of its
information function is illustrated. The basic equation, the correspondent solution of which
gives an estimate of the probability of obtaining a certain personal score of a test is formulated.

The fourth part of the article provides various methods of finding a solution of the basic
equation for the 1PL and 2PL — models and data preparation for a correct use. Several
software packages, both considered to be classical tools as well as brand new ones, are
overviewed. An example of ranking of NASOA students’ achievements obtained by traditional
evaluation and IRT approach is given.

Keywords: quality education, testing, scaling, observed scores, correlation, reliability,
resolution, uniformity, latent variable model of Rush, characteristic curves, logit.
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