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THE RELIABILITY AND VALIDITY OF TEST CONSTRUCTION 

FROM ITEM BANK BASED ON ITEM RESPONSE THEORY 

SUWIMON KRITKHARUEHART 

Abstract 

The main purpose of this research was to construct parallel test forms from item bank based on Item 

Response Theory. The minor purposes were to programming for item selection form item bank with 

reliability and validity based on Item Response Theory, to verify the accuracy of item selection program 

with the specific characteristics of the test parallelism at points of examinee ability, and to verify the 

accuracy of item selection program with the specific characteristics of low test overlap rate at points of 

examinee ability. This research was conducted by simulating binary data in item bank, the simulated test 

data is based on real testing conducted with 2,800 students who enrolled in the course "Introduction to 

Statistics and Research in Education" . The statistics use for data analysis included dimensionality, 

3-parameters logistic item response model, test parallelism, and test overlap rate. 

The research results revealed that the program could construct as follow: 1) 5 tests with content 

validity 2) 4 tests with reliability in terms of item response theory that are close to the target test 3) 2 tests 

with parallelism test at 2 examinee ability points 4) 1 test with parallelism test and low test overlap rate at 

2 examinee ability points 5) 1 test with parallelism test and low test overlap rate at 3 examinee ability points 

and 6) 1 test with parallelism test and low test overlap rate at 4 examinee ability points. 

Keywords: item bank, parallel forms, parallelism test, 3 parameters IRT, automated test assembly 
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2) fiTY11441,1VIISVIALY1fPUD1111111Y191V1D1M1r1.161401 3 97111,111i1 lei 

2.1) RTIF01=.-1.5 0 ailfil1 10.50 

2.2) RTIF02.o.o0 	1,1rilfilJ 16.80 

2.3) RTIF03 =.1.50 
	1,14161J 10.00 

3) divilfieivd15V11411111611D111.1.11.M1VD11PIT11611B1 4 411.1111.11 ?ID 

3.1) RTIFoi  = —1.5o 
	

10.50 

3.2) RTIF02 =0.00 
	lvilfiv 16.08 

3.3) RTIF03=1.so 
	

10.00 

3.4) RTIF04=2.50 	 5.00 

6-m1thm9J ?ID wymtineiDl'UDAIIJILIS1711fl15&00flehrID11 4i11untilu 

1) frrannumalavn 

2) m11111.1t.11 

3) filITIfiAIV15V11.171111D1111J111191VDIJ 
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4) fliaillitlIt'APTI1V11D1f1-311J1i114U1111.1 

5) 69171f11719%?01.1415VIVi11111111Y1V1VIDIJ 

VIC.1111411111111^11r, 

1. ft KActiorrou (Item Bank) 111.11f1V1 f11551115-3114DVOIJAf171111H1DllihiglDf lfltlili 4DV101111,1 

flA'1I99111911111G111716951 MER 2003 f1-1111gl&14141.711 f17 fitirfilF1 un,tiftni 11 nil f1111 fl 

fl1541111M1V14DrfDll 51-TVILIntia414-Nr4m115.11014,f llnSnei-1111711.1419Mil910140r1011111111 

3 11151i1191Di"  ;110 fi16-11,11Ti1111411 (a) t11f17-1110Th (b) filfl151A1 (c) 4111T1111,1f11531:70f1#1:119.7111111f115Tri'll 

f1A591D5flD114'1E1f11141DalliDVOI11131011191f14Dff01.151051f1 MER 2003 f1713J,I1 io5G1111ilt17f11JdailtnrI9fi 

`V11,1f1154fllil 41f1114-aol4Dipf115?(DIJIAlfli1J511f111.1 WINGEN ili ii11156,1d111171i11910icUD14DVDIR-111 

Nflf11711191VD1151E12911 MER 2003 411471,101'011 2,800 MI 

2. iihtlf153.11111f1GlISElfrii0V1011 (Item Selection Program) VI3J1t1i91,1115V1111-4115Y111f1011i4,V10i'ill  

ip_Solve Version 5.5 114111511f153J R Studio lliDfN11011GilVa01.19111f16'191'DVD11fri 

vfili/nainTruiitiald 1W14DVDIAP:111-11115fNIA'unTtqfnlillifflilliJ1411111111UM14111411.13.11flfl'il 

1 WITIJili rlflillff1J1J71411.1f1-111A14ftafThiln'IPTI1V1101M111111_114111-111.1 (test parallelism) 4111M11Bili fJ1 

1=91111,1W1111AlliilnMilvflamlfivinnynovDuiTu61413..nniIrsq nantininnwivautivu-nminn-ii 

mliii16915-mi519govovii5rwillitumlovotrodlim',iiAi 

3. 1111111'1V1V1131141Thinal (Referenced Test) 11111t1fil 111111M1fff_111Mli1c141411,111156116,1titlIMJ1171 

?1111t1-311111111qt1,4fIliflalP111VUOlf1T1111`1111tjc111111-1 (test parallelism) 411,1f1T1111thll'UD1f1119J52,1J1illfil 

Millf111111f1 11M'411,1M13,191510111111D91161111119JINVID'ltiV1-111,1C1I Vfililininithumuni56donliOVIDU 

1111111/191VM1510951 MER 2003 fITIlliii&141-11113 0.3151'11 

4. f17131tlf1G10161101111111f153.1D15401S0f1811EMOIJ (Accuracy of Item Selection Program) 111111FAll 

flT11111li cutiTualt-mfNtSvn,hrrauvinfil4DO111111,111,11VT11111J1.411111111qffD14:11111141.11flfril 1 

ihilT111115iit1flili7lihiStllTifl 5 f111d fled 1) fl'111.191719111.1140111 2) f1-31111,C1E1191Olf1111J5t1J1illtil 

11 -313Jr111115f1 3) d114,111"615'11V15V(1-11TlitU01111111Y191V101.1 4) qt.ufllit112,111t,1101fY)13J11.1c  Ilti9114114 	5) 69151 

1115144aVD1.415ni-illPIN 
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5. tlilla111141111411,1111110,1f1111J1111,1till14111 (Test Parallelism) 111.11061 111.1111191n1.1ti111,111,11J1f1flil 

I ilfiisiirff11;UTIPtillflithllfl51.1fIlIfTillSon,firravilfglalliilig,1111^11141111D1-1filll1111_11fflr(011i111161g1 

filliii0filliii.2191t1t116'1111iU tIPIAIlltIlD1f1111111114111.1111V111.1111,1 -1F1WU0 1 McDonald (2009, p. 347-348) 

ilV15iUlillflfillilfi9711VIIIV(1.411111110111111JY1WaV11 (Test Information Function: TIF) 

t)illAillliUVUD10.1.11.111MID11 (Test Characteristic Function: TCF) IAD111111J1:109f1111.1fl-1111T111`7101.1f):',111111 

1::',11-1111111111/1flr01.1 (test equating) ri'llli'Llf111iffiflflitiT11140tillillfil°11,1r(15?11.111/1011D1111J1IMMDIP111i1.1 

61161q11.1g111111.-ilf1T11.1V119J111191014VD11 41111,1116.1 3 fl7i11 	flStileii 1 f1-1111 r111.117f111D1rIr1011 2 
7111011-il PlD 0.00 ttflv 1.50 flli11:11 2 f1-1111V1-11.115i1V01PIffDIJ 3 91-univii tiD (-1.50), 0.00 UM: 1.50 	3 
fl -)11.1r11111It1110 1 4r1D 11 4 9T11111111 6'0 (-1.50), 0.00, 1.5 0 	2.50 9119.1619111 rhuinalcri" 
0151J7,1.01.19fidA'fllit112,1i1111`,1,'IYOUITIA1141111111 	ilwisuminfileAutinfilA:IVOlfilliit141111.111D1 

V(11 rf 1,1111f11101,111.11.111V101J (Mean Square Deviation of Test Information Function) Ililfi-11700flil 
0.05 (Luecht. 1998; Chen , P.-H., Chang, H-H. & Wu, H. 2012) 

Ell= 1 [(TIObS (el) 	Titgt(ei)12  

TIobs  (Of) 11111061 tiTgliqurrisrrunifrualumnrwrau  old 4111111,ilfniurnamn i = 1, 	n 
TItgt  (0i) innoill fiirTlfichirrisrmamvolinnnionumhi6ilgl 

tld Il'Alf1-111.1n11115i111 i = 1, ..., n 

6. 611^11141-Ifillff1-1111W1101111.11J110ffall (Test Information Function: TIF) 111110621 G4M11J1S1 
1195fitimuD4fi-alffiurrismunuruvlEhrroutoim'Aiaillguni5f-NthnriAialilli%niuumnutilnliu  
'411771fiildrn5rrwalilt 0140 r101111.11,16'¶VINfrlYi6f11 -m9TarfifjuiA'nu tld:.'9J0  

411m911run dirnsmi 11a:;fi-inTWILIJ1117TWUDIfini11117104ania191 
,4 

lilifI tiltfl19J11101 (reliability) 11D1111.111Ylqn1.191-nnitpi4fliPlalJ40V01.111.1J11 3 11151111910ii  
7. filiflf11114V115V114111f11101111J1.111g1V101Ji11111611`61 (Referenced Test Information Function: 

TTIF)11111061 PM7'11.11i1Velffliii91GUDltilrilic41.1V117ffIllirlfrUD1111DVDIJP1111611.61 6040V011710i1c1MER 

2003 i9
51141fiaiSidrflar(1.1n/fMalliOr(DiaJukirrirmullf1191fIkliiitlit,IS'f)lifla,11014VriDUVIMOA'fIllt1R1 

thtnavArifillA1171111.91D1W-J11.101fl 411.11941111.1fl f11n1smunfilTn19nithil5Twolfintu1151o11v11No14 
lilifillf1T1111f1;01 (reliability) €110111,111111Wa'0119111.11/1i111411159101.1Vr1,10111'0VI'DIJ ILM11.11-Ifilfililufl1511M11 

fl'Illli11.11^1ilifS,11 J1 fit,'11111-19iliill”'.9i1.1frd11.M111150cual 	u 1 31 	fl 1 	11 11'v fl" D11 Li 11 11 y y 
3 11111r1191D1 fllSi'S'Ofli'lilfill11,1fltilr716'41,1V115Mlalf1110111.1.11.111flVialY111.TIJ61161c65161J4111,111.i1 
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fl'Ythrf11.115t191D101D11 4114714 2, 3 1,1,1't,' 4 411,1111,11 lflt111.111filf16116191f1flflf111r101111t1"395-1MER 2003 

flT111,11&141,14410-dfil1Viiii=:iit11/11f115i2ff1141 

8. 69111fllilfl4i0ff01.19115t,'1111,1111J11110ff011 (Test Overlap Rate) 1111t1i121 61i-31-V11N thrfmrir131 

ni51.iiinfiuniolufi6ADrmu 

14fInilfinntahmistimini'flirnmal9loraiririv1491-1 

Stili1111119.11/N1VDIJti1111114 2 TIITIJ €1101`19,fl9t1:1101 2 11111.11/N1Vialllfll cilft111115V1111111111119"lrffillt1911,1111 

Tlilf1A'14Dn'D1111flt111111111fillJith1110119,11tiTlflVf1114fllItidif1151N1VD111ri11111fl 

69111f111144DD119715t,'11-i111,1111J1/191M1LUE1 (average test overlap rate: T) 	;10 	Mt', 25 91111 

11.117i319111D 1 Chen, Ankenmann and Spray (2003, p.129) cillilf115f1T11f,p'69111 fl 15 5 7111M1D 191 fl fl' 	ill 

ciA1915t1M1f1 2 31F1 filet. 1) f115f1'311fp,15 -1111%r1DIJ tID'69151110191DVDIJ57 (item exposure rate: ro LL 1 

2) fillf1711f1115:;9°111111J1J111qrf 	t1D69151fl151440r1D11415t,111 -ill/11J111,191VDIJ (item overlap rate) W11115t1 

11M114'1',715 

1 
T= • s?. + 

LIID 	T 	11aJ1ElEl1 9-151fl15l`1f91evvoinli5twillitinvivmompu 

Sr 	111J1EJtl1 fnllILLIJSIMIADT6'fl5111014vrioui-) 

11111E1621 filliA0910169.15191D1DVIDIJ -3 

9. flTalf1D-WIL401-13.11c11111-1110,11Illifrallillin (Standard Error of Estimation) 111.116F11 

1111-1111915211191D1f115Mf1119191111111,411191D1fill15:311illfn111=11541,1,Yiil (0) cif111J11fililflit-I 

NflawillfYililtlf19ialuliwYrualnisd7nntudin-nuviammiloti- alfiGcluVlIVIILY1f191D111111FINVID11 

i1111,Ifilvilff̀ilIV115n11LY1f1611D11111111191VD11TifilZ1f1711JfMNI4D143.11915211,191D1fl11117n1ltlifil 

f1-311.1V11.115fM1',iiill'1,1?1Dfilfi -11411191'WM5V11-1111frUD11111111/1qVD11ilfilql tl1 g11111111f1T111f111115f111D1,7f1D11 

0 1fl (141fifil1fl1591011r111014DrID1111191n4a1Jf1711J4141111=f1-)111111151)7111g1.1 tll $11111111 0 1141) 

frilliflfllfliflADVIU1715,111411D1f1151JSZ,'LlitlIfilfl -311M11.111f1EUD10'01.1 tld 411111111M111V11115DITIN:',61 

141Diltvnimajutailvlun151151•DitioilfralurramtwolrIvrvu 0 1.411 

f1-1141, hfl4DVDIADfiniifilf1T111ffflfliflAM.111-19152 -11.191D1flilllInlltlIfilllililld 0.50 (Hambleton and 

Swaminathan, 1991, p.103) 
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10. f1111111.1111Dfacilles1111111110V1011(Unidimensionality)11111t1i31111DVD111/fle1TDIW111111MMD1141 

i'fl6f1TAIR,'19i11.71tn111DflT11.M11.115f119i111;in fl11911"Ar011fl -31111i1111Dflria1611D41111111/flrIDUr111111ilfln'Til 

1141M1141111f111f11111511151,4V111rfiiii 141,Lti 1115111151:497-3115,tfi01.1 (factor analysis) AffillnilitilID1f111 

(eigen value) '11-1i'1111-1f111-M.1t15,911 	fl11911-ArfD11410 eigen value test 11.,:ch-11111169171d11,1`11D4fil 

eigen 	1 filJd1 eigen Y2 11111flil 3 ti0i1111111Y191T011111111f1T11111.11-11Dfli1;11111D'illi.11,1Goinallifolhii 

filfigruasrmAnilqvu.tivvDu 

11. 111J1.111;111illti111111i11910 4 TO 410'0'011 (estimating item parameter) 111.11061 f115191 

itinnwaDAILfisitlInewlvim-Mf11591DU4DVD11111.111 3 TuillilivialtfiailInnimilymiritwol 

1111111,1flVDIJ IW1191Nanisih49iitudivni1J141vivalliprfa1nt14 61A1-111V111-0V115fl'1119/15d111illqi116fliiiIM 

1111111frilfruD14DvD111111111infiflV1011 

dILI111111ii145114111111111:61 

111t1TE1V111111411-11111D15 

1. 1461101E1D1fif1-314:17.10'1611fl15V1111f114DVDIMM,'fl5:,'11711fllStiMSDIAVID119N111J5111151.1 

fiD1113'1191DADVI'111111111/ 9MDliti'111411-1111flfl'il 1 ITI191-anrityri4f11591DIADVULI 

2. V11115tMi'1111111.11r1qVDIJtit14114`irli iiflilifl11,1911111111114fl1591D1M1,1DADVDIA1fli11511.1151.Jcitfi'll 

41411=1111,11.11111111flVIDuisn'ilfraiamlivrandviii tnilAutivw- ulyalinnmuou6Ohllurhfigivol 

1111111MDIJiwor711111rItY111fl1511 E11111MV11.115111V10111h1Flafl15M01111,11,1ftIlltlfil5Pffllil 

3. Gslflf115iffJfi0113(1r191f1-d11101551111nnl")11.1V4011,11i116111.1fl17115,t,'11-1illfilffl111V11.1111-11101 

Lifl4f1111 

115111.111116'11411151-111111J &NI 

1. Nfl015iitivnul5frailiJ197vi'lluinniwmput-j9n4 -rwailni-rii 1 PITIJ111i'119951ill ihrflrff11:11 

fl1112.:Iiit11-1411-1-31.11.11fri 14Dfillih15:.'alilifl ill 19;14 5105951 MER 2003 vil'iiitnn -niftinialgiwnil 

1-11511fIli -1 (Introduction to Statistics and Research in Education) 

2. f115i1fil4"0?101111M-1111154'91180119510VD1J140Vf14111.1111,191VD11 d 6111.111,13J1flfl'il 1 PIT111411.1 

fl5TH;ifnfi1-19:,'iT1Mrianua4OV011i11 411-71.111-11.11iflnlIT1114 umq7",111.114fli5fliW1114f115Yi11-11.4 91flOt1I111 

Ii1141111TV11111,1111561f115V101111111J11f11111111t'At1f1'01.1ih191Di"  (computer adaptive testing) 
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f11011111niAlflf115)7E1 

flA'1931DVD1111(13J1,111.11197111:101fIlfilJ11171W1.15n11111111fillAfili 11.111191111i1j (large scale assessment) 

fldl'ADLI1411151/WaDtlfilJG:1:1ff011iiiiillnlallf11,10flirlfli1t12QMOIlfflInSt11911.112,109filwlflf414VD4 111 

4-3011111,11f1ADVOUTIV41111-111011111.1a111fl171q1.11VIIH111J111,1111JY1ffrallti911,11111J1fIfYil 1 

qtlinialITAillaniliql1013M110111 illUILIJIMMD1rvirram-,rait-iim,'NfIT11,1f111.115WIJO1CI'VD11 5111115 

V11115illifitJUL33101Nff115VB1111411,9iMfllflf1114111111flf115VOIJAULL1111119-1V10119illiniurill 

1111111/10VOIJ41441-11,1111fll5rffilumnIqrmutitcw-nannuMnisoDuvuol4DVIDIJ ~fl115~111~0 1111 

11.15unnifiDLihti'i-mililvi'friuffilionnwmoutjtuilaintiAWDwoulqu6olvarii -11-1f11111111/1T1.1 

wfla1517;ttitra4von-ilith111151.1f115tiOlk1140V011fj9111111i910691ILIIJIilifaillithLif15111/111fl1741 14111-1 

rriiamicheilli.15iLn5un-mNISvn,tivvfmnilmiluivflAuLIIJUINMDUti111111-191flfli'lliD101.1410 

fliSihtlfl9l1V1V7W1f1I9J511fl51J R Studio ,2111V1.111I115114151JiltliTIAINIDMAITIV-If1MIT-19 

911 J1J~11s~91 Fijliinz,199514141 	 5-amt14191muintiltrivalriilaiin 

11'4116-11J . 111i111115"11S1512;491103pIrIllffil3i911111,1D1,1191fiVIDIf115 LiViDtill1A911111,111111/Ontlti9.11411A 
v 

tlf1V511911,11f11.1111.1,f1511t115tNthf-14f1D1H111,191'D41111H191D11115ifoviDlurroltiltnlutjn9ialTD1f115 

ti'911:kfl9i0VD11011J11D141Til;61111.191 

tnmvnvioltolIcillun5uni5fNtton9I'arrmiiirlifig,T1r,rq tit) 11111111~1s~e~11~1911111d~ltlflc1514J11 

3J1f1fri1 I D1T111-11191%1111illi'flInidnillnlit'IMIWIllAllti9n111,19111.1Y1tilib'fl1511D114DVIDUI910171915t11M1f1 

WY11JVIOffIA'015V1I'illfililiiiilr(17V11111frUD111,111JY1c1V011 fldllhfill711f1411V1IVIIIYIKTO1LLI11Y191V1011 

i'11491flithilf151.1fllStiotgon4DwourTufillililillff1Sfillillf19101111111MMUIPIN611ZatilciV15161,1141D 

1f1A,t10161-11,11Dr1.11-11172.109SINfIlnliIllififlIM'1114145V11i111.611111NIVIDIJ (test equating) 41fl5ii0filld 

r1q0111111.1"A9161JD1 McDonald (2009, p. 347-348) ronligTh69151f111144DVD11911”,,q1-illt111111191rfOlH111.11.4 

1 	19S1161,1 ,1511111.1n 1511 f114 	ti 691 sinis 4'1 vi 	GtiD rrD u 	n tiq ISDni Nea 	v515  

1,111111/qMallti911,111.1111flfri 1 DI111 1,101191fldflT11171519111J1d01111MnYillatilgUNUMUMVOIALifalTri 

MktdillILIJIMVDilt1:111411.11f1-11"9114915191111111D111ilhlt-n55thavilitt,ttilli_isnmn&friani-ncliala 

61101f115115n.litlif11fI219JM1111D910101DIJ (0) (Weiss. 2011; van de Linden.2005) 

	

41111.149i4191%lnis u fn 	k cu v111J5un 53.1 fi911S0 fl cry 	A1411 	fl1561111-N1 

SI' 	'UN TV11 ficITI1V115"01411/11111D 1111J111/19Yan 	'6'11'617111.14111,11111 	V113J15f1TD1 rIMIJ (Referenced 

Test Information Function: RTIF) C1111911191111T1-1 3 Mel 	2, 3 L111 4 9ilirrillItAi1i'ilf151J111S6118Dil 

4Dflalicririf-Atilfiliffinutrk191DIII1511fl51,1ciluon9i-nfivivrivlai utii115 
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91f1111-1'3F191171tn611fIllf1114LLIJIYV191nlItilf1-111N1f1fl14DVD117113J1ItAfl1171D1.161I'Dr(01_14-11414 

rPAlVfiltilldflIDULLII-AflfllSiitli'llicsllalll I 

  

friniunApsruallillttnunilticdon4iorrau 
g 

- f1111191519113J1110111 
filiflg5lifflIff14111f1110111111.111fIVIOU 

(Test Information Function) 

2 ilLi11111 

3 ilL11-11:11 

- 4 41101111 

 

 

MILAN 

till^14641011MIDIKTOIL1111111W1V011 

- gtu6nInalirrnvolfanwilutjlarru 

- 6915-millgovauj-inwillummqvcou 

11N1-1filil 1 D501.1111-11"60f115iiEl 



111111 2 
lefg11111M141111iftliiititner104 

f1 -110111,11f1111111.111f1155iEllii0Vf 1lityul1qV10tlfil1141141f1f111',91101) 11 :631f)t1411111411,1 

t1711JtilfllllnflJ111915191111111q4f1159101140VD11 lOtliiTif117411fil4f115iftl fiD 52,11211 1 f1151i'1ll111,`1,' 
AVAVDIAlt11.11111D1l1,1111119MOThilliii6I'll1A11.111f)114f115 1/WMD1111111491ii1.1=111f1114f11511D1.1 

6Y1J1101.1 5Val 2 f15r1111 V15 -nr1011 tIM,4911.8011?I'Dn14101J5 9.11,1fli'lliOVIDW1111fIfilrallril'IlD1 

11,1111MIVIDIJP1TiltlalAtlf11541flVADVfliSgOIJAtiithltf15 WINGEN 1.1'n'5,'ERt,"Vi 3 fl17 

fl5')ffD11fI211Jt1fleiDlllalliJ5ILf151,1f15friv1111111.11191VD11f1l1111113J1nf1"il 1 DIrlAinfiA'AavDwrai 

9i-rultuA'nutunmAna;611D1W)13J1111t1:111-1114 (parallelism specification) LiM,'411.16V151t11519540V01141 

5Z,161,11111111/10VD11 

001411 1 11141AMIDni61111116110413.1tVIDVT51161-1411151.1D110Of1111111D1Inillt1119.111C1ff011 (Linear Models 

for Optimal Test Design) 11M,'119-111filliE1-34101 

1.1 1115"00f1LLMJf115e141t1JUYIV1V01111,11119111,011 (Classical Test Theory) 

1.2 f111D0fIlL1111f115Vi'Ill1111.111191VOIllt11-311111 (Modern Test Theory) 

1.3 f1150DfIllInfl5V11411111.11*1VIDIJ9111J1,111-3;19111D4 Birnbaum 

1.4 filIDDillallif115g1111,19JMNMDW113Jltla1916UD1 van der Linden 

1.5 1111iiillitili trI4D1fill13J1qMilli(1,1R111ì1.11115DDALLIJ1J1115T111141,111111/N1MIJ 

ODITY1 2 111-1-371 c111M,14f1f1111115c11-dgffO1169111D1111110ffOlJe1511t11-31111111111G1V101.1 
(Test Overlap Rate) Int'111-11ElarPtiOs9 

2.1 11111ii91=1411f1151115915-)9V01169151f1151MM1J411n1-111111.11111191r011 

2.2 111.1iithilTli fi'l4Dltivf115915-AVO116151111519MOD114-15nTilltLIJIYY191VM1 

GIOIA' 3 f1111n1.1ILLD111 R 

3.1 1-11111 R 

3.2 4iihluni5vifilli1J11111qVD11611111 2 
4 	v P101-111 4 C4U1117illIf111Z,'111,DfM111=1111TiltrYILflt1T1101f1111111MA11111.111110V1011011411alflf1K,9411MOIJ 

G111111q1,141111V101Affin (Item Response Theory) 

' iils1tmaAufl 
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C109191 1 1,11-11AG1IIMIliaflf11711041111M9fd1116.11151.11111008111.11ffillA/1411.111.1110V101.1 (Linear Models 

for Optimal Test Design)ILMIT1111;61111763411111 

11.110n6141N11411151.1f111D011111.111f111Vii1411,1J1.19100111.1 (Linear Models for Optimal Test 

Design) 

LnnmovmniJutfda13loitlilun-nm-avmu52,An-m4frnufimm4rgitrw 

fnollisrAz,144aagmlfiwynaJtihaillviuiniivi TaJmnvisltAiugiVITIM-115-0DflitU111115T1f11 

11,11111(191V01111i1M13.1g1fittlk1419ittuvnorrou'vtilqatnim 

IMODf111111.11115V11111.11111Y1flVDIJM1115f141111,1f1141111.1 2 111.4 -) 1q ?-10 1) f1150Dfl11,111.1f117V1111 

1111111,191n113J1V15111AIN11411f1114f1151/10TOIJ111111441F111 11,W,' 2) f115D0f111119Jf115ffi'111.11J11T191ffDIJ 

einiiiinimmDutihnimmfin 14m197mIN4t1151r1OrMULLInlIlli Vf11.115ilfl&l'AMVIIJ 

ni5oonituuni5vfilummorrainnms-rululi*b'4m5rqvDuinrukuilariiiiln14 rID 

1111111191V011111915STLI (Standardized test) 63J143.nhluvin -15volifiqt8onuil-rwluthz.',.1y1414 

11M. 1905 Binet In t; Simon Vf1 ,111,1111T9WillTalltUtin ctlifl1.1114f115MMOIlltlillfM:1.1 (Group Testing) 

11'02:11,111 fl.ff. 1970 riltit1fl'UD1f115-TqP01144D -T91f1'313J5014: (Mastery Learning) 31 f11511qffDIJUIJIJ111 

NflV.tviOunA'ulilp:Aiiit11,11i11451E11),flflfl fortwninlanni5ni5vout=n15ffvutql-d-autill if4Nfll41 

IFW1f1 -31119%41115f1A'ADVID111,1nf115619p111111171fla011 (Test Assembly) 91114flt.1S-11111 61104VDIA`W 

51Ellelf1MAD111Nflfl-15VM111110Df11.1.111.1f1156inisilmIDITiTukTilem '44611111110VV1111191n11,W113.1 

1A'slfll'Afitlt111411-15119MDIJ111.11191'41i111 (Classical Theory) ilh-rni111031V1ITIJVIIIVif115V1f11 

111111INV011111V15111-1 

inuni5DDnuuunilvii-mtinniqvDuRivii'uni5viorrouLJulinefin 

111511N1VD11111,1-11111i1.1111141119if115i0114171fIli41115M1VDIJUVAIni 11d12tlD 1111 fl.ff. 19501181,11, 

nimmulivinlvial (Item Response Theory) trIA1'71.1111414 910111 f1M. 1990 infri4411151r1flVDIJLL11)11111 

19iTlifrd1111.1E111Dd14111AliTM1f1IiiMitlf103.111")191arillnplflfltiallnipAlii'1113hrniqNMN11.11 

flA'lliDVD1J(Item Banking)1M1;411flunimul!19.,151E111f1f1n11141,111i114f1151/W1M111111J11T-111111.11; 

(Adaptive Testing) lal1f1111111031 (van der Linden, 2005, p.1) 

thnniruoln-n00nt1mmila1111111Y110VIDIJ 

van der Linden (2005, p.1) 41104f1115nIIVIVOlf115D0f111.1111fll5VNITIJIYINff0119113J116'flf115 

a1fit1191D111t11,0115110a011 rlD 1) fill0Df1111111f115e11119J111/10n1111,1J1IMI,MJ 2) 11150M111111J 

fll5V1111111111191V101.11111)11111 
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1.1 11110011111.111f115a11111,1111910V101.11,1111.16'lli1411 (Classical Test Design) 

IlhifliSOOf1111111f11 5 i'l 11111111r191VOIAril9M111 T111111113(10VOM11915111,1c1S1 It)! A'f111t1Infl 1 1 

917lrlE111i14 	 111111i0f1111.1V11111WW11111 

GJd21e172fitipPlina,4114 ilf1151r191flO1 1411.1111"Tfl 11,1Nff„1011111^191D1111_1115fl 1flf1V1111111.11E111Olf117 

3 ih'Zt,111 5 ;ID 1) fi911EDf14OV011ilfltli1111111 9113JfildF1FICIfill114 9111 2) AVAVOIJOT19J911 1 

Tell (construct validity) Llat 3) 	11f1,t1,614941fItliellilif1F1 (norm) 

41`14117fiTillelvfilli'11f115DO1111.1.111f115Vf1111111111N1VD11111111411Ful 	1) liql=f4f1151WIVIDU 

111111691FuJum.: 2) tiTIT15 131191Di"'IlD111,1.11.11/191VD111,1,n9YOVO1.1 

Tltril4f111110V1011111111011$13,1 (Classical Theory) 

van der Linden (2005, pp. 2-5) 1-1T-Jil lilt11(4f1151191V01.111111.1411F11141LIAMNW11551111Df1M11-1 

,f4 v 
Villif144 (X) OD1.11illi 2 i'714 gO f11111V111115trviirlilT5 1 91D11,1f1flfl 1110f1n1Wlail (T) Ltnn'111-11,1 

flON1f1A'011 (E) V115I'glfit116'1111-3T11115116i111014170 2 91S'flf115 flex 

1) fil5fillildIVY4J4V011fllill (fixed person) 

VIA'flf115dfilille1f1151J5 

Civiaunaitclu 	 fiD fintwwi'ltno14 (Xit) LTJ119-T-J111J54u s71 ii691 

111V119115f11,15 111t11.KfThilln0111111N111111 G1111c1S11G111Jc11Jfl15 1.1 1,1M',' 1.2 

Tit = Xit 	 VIJIM 1.1 

Eft = Xit — Tit 	 V111111 1.2 

13.1D 	Xit 113.11061 fln1111,411f1AlagMflfl1*DIJOIA 	 t 

Tit 11111E1ill f1a111d1di511JD1Of011fltal j i1111111M1VOI1PITM1 t ifltlIMAfilf119191T1 

111OfiltP&191D11115115Z,'1E191Olfintl,raltf19114 (observed-score 

distribution) 

Eit vanutil nalanm -witfia4vInali-iilfit'LluurTsunqlkiim2.1rodil 

1l~le~Elil~Sf1f1l1Jc1aJfl15Vl 1.1 11M,' 1.2 w„,-a-11115DIFial-114114111111`41.Th' Illflf11511V11111611D1 

Xit ci119J1ifili141491flillTINVO11911 	 V1v71113(filiptPUD1Xit 

difrmvfilithliMAtilcol Tit hillvtilqvklf115 1.3 gO 

Xit = Tit + Eit 	 MIMI 1.3 

9-mramilil 1.1-1.2 14D''i''IJ1Utilfititladi'Iln9114 (Xit) 4-301,1q1J4f1151191VrOIRLIJIAllilll 

71 -fintywilltnvilAihni-JulJ543.1111aivi5111111t11:',6UOlfil5M1M16UDIM,'Ittlli" 

fl ,'',11111461q1f1f12.1111111?Tlif1911MITV111141171T111VIM15ill 1.3 fldlTil "11111%11.15alltlitilf1,1311,111Vil 

4-1t1f1t,'111,11,1V71111911.44D1Y71f115MVOIJ911 61M,1-1a,1114149iDliini5tmtmin11ninii 9T1jufilAtrualnis 
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fl5t91011D1f1t311,11allf14114119t1111,1fi1t110111191D1flt111,19.4q3A111611h1" 91fIcht1111.141191/1,19t 

711f1911,111,114-il'fiflflN111D4414filtnfilifInitrld1111046i1INT'31LIJ541J13.1VDMIKD1611,11111111 .6117 ViTLI 

11Jf115 1.3 9htni1113(flt111411i(41119114 (X) iii911?111111Sifltflilf113.115t1VIIJ414111A'1111.16,9f1151M111V1 

9101fraill'Al (T) 1411'111N 

2) 1115411119:111M011 (random person) 

minni5y19mDucilitt9im•,fifirini54unal9T-)Dthalvatioini.15alsin5ODIJILA'')fitIL11119i1 

f12.1,1141,1f7,11119119iLIM,'f12.111.41,1flfllfl1f1ADTI T.'1,1,19T111,11541.1 A'ILLM1,911.4V3Jf115 1.4 

Xjt = Tjt 	Ejt 	 113Jf117 1.4 

Xjt 11111a1 

	

	 J 

IrTiLLIJUT191VD119.1T11fri t 

Tjt 111110i14 M',111.41-19i191D19TTOd1101D114-30f11541.191111.15,111f156VD11 J 

111.111YMVOINITUil t 

Ejt 11/110ii4 mqvuufip-mtfinApti5nrillfmtwalingUifiiifintrtall 

9iDiflif1919101116f111151152:3J1ilifilf1t3LMailhEffil541.1f19:1100111Ild Wn/11.1i-lrflif115 1.4 MIA 

fT15571.16-39101f1,31.1,114 3 ")1,IcilAJT141‘1.11.49i-)111.1543J 11'1111.4111.1r.19%91f11L1f0141-11ilEnfi1J1115511.1$1.)11-1 

51 (linearity) 

tilltI151F110046110AVIITIIIMAI111.1110ffITIJ (Item and Test Parameters) 

1) fivorrsiillooi"1101119JIYIINIVIDIJ (test parameters) 115 n10114-3E1 filf73J11 n'aY1 .t̀4 Mi3Jtil EJ1 

2 , 
(reliability coefficient: px,r)InnliV111=,VIT1If1")13J917,11cilli1141fl (predictive validity: pxy) 

V11115t19.htllitlifil91f1f11511fIfiTX1VID,Ifilfl'311A1i1.14 	91D1f1n11.411951 (T) 

1'f41f19114 (X) 111f1Vt111,1f115ifililflVD111qq INVOIN1f1115:151f1501DIJILA X = T V11111 	= 1.00 n17 

171 pxT  munt-liA'1VDAVV1.1'91W1110151,11.1ff1-3111111.11041111110illi'qviTIAD111150`illleitn11.1 

1115157149104 X 40 T 11rr9119i1Valf115 1.5 

2 	Var  (Tjt) 
ffl..IfM 1.5 PXT 	Var (Xjt) 

tiimvruldnInfnmer'lnii445niiilfinrucui'llno14 (X) fillf1n1141191f1U11117W1VD11P1TIJ 

1nat4 (Y) &iii141.rwlf1T11.1111J10911111D1d11^1151111110iCilD1111J1.1110VMU fiD fili6n15,1;alrlifrd11.19151 

(validity coefficient: pxy) ci4d1h1115tRY1.4111J1431f111f1f1616'1VD14"V11119N1̀l 	f1.01D1filtn13J 

111..15115T14-fl-J13J111J5115'314i-DJ ii111,M11V3Jf115 1.6 

n  
FiXT = VXX/ 1'i3.11115 1.6 



15 

fl-J1131113J101101V1111-115f1;  1.6 gOtiltiflfilA'1VID19101flt:11.111.1?7,11flA1461Jf1:31111.1t3lttivilfiv 

f1713.1hYZI,1111,11illfla:11111-ditlAnnnilliqvaigs'i (X, x1)11v7-114t-iiianh,T,Fivitfiyam5vislii-wio 

(predictive validity) TatillIDEffli1111DLYilfillf1TMr4174,1i'52,11-514fItILIVWihttlF11931'fillfM11,1114934 4'1 

11V91111.1V1.11115 1.7 

PXT 	PXY 
	

VIlf115 1.7 

2) fiT11151i11910i."11DADVD1J (item parameters) 952.: fIDIJ4')EltilfY313JeJ111 41141411.11,1111,1,W>: 

filf11111915191DADV011 

2.1) filfallle.11fl (item difficulty: Tti) 

Li111filfliMiiltDIfilM'AUTOlf115A011931DVIDLIV19101115n51f15cP'01.1 611V11,11115 1.8 

1T1 	Ui 	 v1Jf111 1.8 

MID 	U1 111J1J& f12,11119-191014001144 i 1910 Ui =1 1.3104V0119101140ii i Lin 

11,n Ui =0 IllOeil:vmmawhii i riq 

2.2) tilgiLmiltrun (item discrimination: PiX) 

1911JfililLIMIlelfrilaJikilthrharillfinartniugiafillflt11,11115-DJ (X) 6''s1V111f115 1.9 

PiX = COr(ULX) = CriX 	=MS 1.9 
a1 ax 

11ID 	3iX 11111f1t11 	fn11111115thmilmamillfmnnitD140V0Dii i 

filiflr,11141.15111 (X) 

61 	111.11E1t11 	tillill E111111,0J191n19.411D1f11111-111910140V011461 i 

'HUM& 	iruiiNtinlail915111,1611DIM;111,1115 -)11 (X) 

1.3) dlf1T1W15191D19I'DrIDU (item validity: piy) 

rlitIt114-n,m4itiunGuvl4vvoubI nd'iTuturmilciumailniliitturi5z,11-iilePouilii 

fl'Il3a11115t15°A'11V.116115t41J9ilfil1f1t11111alf111,1_1111/NIVOlfilttiallinflillcri (Y) 1411-111154f11J111/0111 

9tunimkrufniumvillinno 9i1V111115 1.10 

Pjy = COr(ULY) = 
aiY 	

VI1Jf115 1.10 
6167  

40Alifotalt-il51J5a,'Lltuti-rvii51'1711916 ,u011LvISirlqff0W113J11q4f1151r1q0U1111114411T:: 

1̂11ril&filcie(D14-nntwinflmiulsin5rpau vilofilintlfflf19T'JDdillvrouiivian-inthnsin5pIrmu 

tpar 171 rono fiu (equivalents) 4,9:,'.;111,1f11541`1,11tIltili6J115,'`lflif1-113J1ili t11c1" VD91f1h1fiu 

V111f115i1 1.5 (PXT) Liviluviill*Iiiiini'qNwiliNnni5iA1.9iTinnimffpuj-antl5tIntufiltnu 

LciE1141V111115ii 1.6 119i48416'9191011-1151/11f10119111 AI D r,,TvD 1J 	1115 !I EJ145  211 1 1 f11511fl VI IJ 
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tr111.111111E11101MJi11111 1.6 fiDfile.1f161A'1VID19.1D1fIt'll111.1irsIMAIA'filifll'Ll.1,11.1irilt,'IYili51).J 

flT11.1illvivien11-illfIrA1111,1Til,Alflf1151/flVID1141 (X, X') 411,7114d1r73J1.11t,'RYIgf1T11101711T311'111110 

(predictive validity) WilfillIDElfliT111Divilfilifl'illli(Drilli"5:11-511flalrladi'll,f1911/14filJMf11,141aisl 

LITN1111-a(9lf115 1.7 

PXT 	PXY 
	

1IJf115 1.7 

2) ti11115191191DIGIJDADVOIJ (item parameters) 115n1D1.1?117Elf11f1719ltllfl 611,1194111.1411ltn 

tilf1111.1915191D11TOVULI 

2.1) filf11111Ellf1 (item difficulty: 70 

rf.114 filfilqiii:191alfillWAEPUOlf11591D1166V1011tjf111011.151111f156V01.1 G15rf9Jfl11 1.8 

Ti = E Ui 	 fflJ1115 1.8 

Ui 11111a1 f12,1,1141-PUD140ffMADell i IflEJ Ui =1 1111001011VIDIAD11 i tlfl 

Ui  =0 triapPowimnidi i elq 

2.2) fii4nrniiitufl (item discrimination: pix) 

Ltt,IfilchtMllilltn11.1thJItiwi'lall'illflt,'111.rWlit19%fillflnaltd573J (X) flS111Jfll5 1.9 

PiX = COr(Ui,X) = CriX 	 Mlf111 1.9 
aX 

131D 	 11111061 	f1-31111.11.J51J511,1i")111VITillfindll`W'UDI9i0n1140f1;  i 

fT11M,111,11,1513.1 (X) 

11111e1til 	filli1111,111,11J1V15111191D1fltilIAMD14DVOIJEtiDcri i 
, 

111.11all 	illtiM11111,111191n11,1‘11Dant111,15-311 (X) 

1.3) filtnik1911161111119110r1011 (item validity: piy) 

frramminni"uviiinniiAtinfintnaininlimrraucitihailinniu4 lfluniAnuillialii 

Itunicw4111fi'311191511illiTIA10 1̀",9V3,1111 1.10 

piy = Cor(UL Y) = CriY 
VflJfM 1.10 

6i 6y 

9iDilltf1911101f115115a.'111alfill/151r11910 i'TD1111111MIVIDIM113.111f)14fl151/1flff01111111J441;11.= 

Vilfillift,IfiT174014-nnallinnuihnfin7pPvu la04114-NU-in-l'atillp:Inuci43aini.J51,11-1056r1DIJ 
ill  31 fl ill 1.1 111) Y12f 3J 	tit! (equivalents) 11'02,1111„if1154111glOilil/J1J5:,'RYlif1)13J1fitIliin91f1h1fiu 

mri5ci 1.5 (PXT) 

rifiuli'lrf9Jni5i1 1.6 119i4D41fiq61101f1151/191VDIA1 	PPD111Fiff115t1E11,1,f7t,WillfllSMIff011 

ax 



fnl:JVC11.111frilD1001111.ifilii 

V111111 1.11 	1.12 

16 

  

2 
PXT 

a 	
rn— 

n 
ii 

[i 
[  

LriD 	n 113.11al5 41147114DriDI1 

  

ff1.1fl15 1.11 

11.11117 1.12 

 

~n 16i  
2 

CFX 

  

(X vanuill tiiihninFrnifrinAeiliniut-n-amaofihuiuM 

1.11 ti.m,.; 1.12 finbn.17,'FfyiityythicitnitutraDot-Alnitilu (a) ~v1Je7EJn J1 

fili3AV,IFOrlif1-313JtiltJA 411,1-H11 9111fil6161VOlstIDIPY)111ril3JIANI5g".1)611 X ITU T(p)2ro 

1111111191?ralliifnlkILMALDflilF1 (unidimension) LIA"-g1113.1fMlflIfIAD145,1,111 -514 pir fill CC 9V1IDE13.11f1 

Ykilfila1115Z,;i14 a•-il.mtri.152•Intufi-11.4T-innimmoinfAiolfillaitn 

1f1DfAN15i1i1t1li
4 

t11111143J1915211161ralilnial?7,111191101M1f115 1.13 

aX — Li=1 aiPiX 

111f11-11V111f115ii 1.13 11Jiallifill`WVIllf-Mil 1.12 Vi1141f1Wallf115ii 1.14 

viLicq a = n  

9111ffIlf1iSil 1.14 I49dlD11151193h1-13J15f1411fliel91ilf17591914DV811911Dtiti3J4DrfD1.14D1q19Nm1i 

6f191591911i'mila;Rm9it171119155tilu91lilLLVI91161f1713.191511i1141111atilflf1155711911i1713J 

111.151.11T1451A (item variance) fil411419i1nIn (item-discriminant) UM:filt1713J915191D14Dr1DIJ (item 

validity) 915V11.1 f115 1.15 

EfLi giPiY 
PXY = n 

Ei=i aiPiX 
13.11115 1.15 

1.2 111100D11111.1 flllaillt1119J110ff61.11L1-1111131 (Modern Test Design) 

ffilltlf115 f119101f115INVOIPTIJFIVIDIAL114Vitli (large-scale) lifilltil1f115M1f1D1JIADA`"RtSDfl 

GJbS01414-1 onl -19;m A'uval4fmn .1'.1`11`WILI,I7F1919101 MU-11111A 1.13(f19:111.17,t111115 	01.1f14 (fixed 

person) 61f11141al9dn15a1)ntL9191n15v515L11111I191VOI1bt9471111Ji 

11.1.11111.11451tVflnlf141441TIllhflThifill11411.N9TOWi'llfl14DVDIJ (item banking) 1,11014f1,1FIVID`W 

"13..115t1111GM91f1f11519•11J5ttilld (assessment) 1110 DfliblY1J11156-1f115iiE1141i1145101,1flfra ntri11115t151 

tha,lihroivonnivolqiin14 a-mi'mrnuivi9i-runiwqvmufiffititmtraufAtniwol_rliOVIDU (Item 

Response Theory: IRT) h 1) M3.115t1511.1511J9TOVI'DIJUM16118Df140VDIA11119,1"M'fil152..;91'11M11J?111115t1 

n-1
(E riLi giPiX)

2 

Mlf117 1.13 

V1.11115 1.14 
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91D1GPI'D1.1 2) V13J11f11911112,11314111115101,1f1flflIclf_11611f111M41Y1MIDlalliaVOIJ 3)'ff11115t1TT1.11i1e111 

tld n'hfl")11Jr111111fl'Ut)14mun-,9Nt'ainciu 

tijaihisfuirilnuunilfoLhtinzmisvyus-aarfvuttuu69atariirriafotNrtruummfru  

9113Jr14,9111.11t191D1f111VD1.11=911119i111911i1M11JV11115f1TDMPIDIJ (Automated Test Assembly: ATA) 
r, 

141-1 f115D0 f11311111115 V1f1111,1111MMOLILVI-13111111fle1197‘vitA6uN IRT Ta1J115:,'S-V1if11111.1111f171f111 

Offlid1111M5rffiliVIJUIM0111.11911.111,19111111q14f115119M111,11111kIdaill 

V11,111d 611D411f)1411591DIJ4DVID11 (Item Response Theory: IRT) gOV9.dUNflf11591Di 9iDffD11910,1 

Civauttvinfruilimuummovilmuit'fiwniurnuiumalov 6'lliiliumffmoou4DrrouIlt-i-nnat 

waanniu4Lioofiunlif11f1 'mAiTn91ifFuni5Gio9Jvifit191knihuIllviud19N1511Jmoif-uN  
,firrau 

13.11M1159-101YrdOVIDIJ (Item Response Model) 

(2555, 11141 52-78) t161Til lillqat11591DIJ4DVIDIJ (item response model) 11114 

9_15:',1109J4'1E19:icHLIJ7LIFIl 	fl'illarl9J15t1i1;11,`Vii)3111D10011 (0) di.M'Atlid'fllitla 611D191'0VD111110 
fillAllS1311910i'91019TDVOIJ (a, b, 	d-rinillt1J5W1111111,19.7-31,11J5i'llflfl19311  ?ID IDflTA1df11591D1.19110?101114 

tiji,16'fiNtunalIutofln-isoaum4a19iovvuriJuu;uwnlaia341AliA5,11-i111Dfl1M10119YDVIDIJ 
t‘1,11 (Pi) tillf1-3111V1-annililq1149N,P(011 (B) 11da119101Iftli'fI9ltla4OrIDIJ (Item Characteristic Curve: 

ICC) cilrJA't-Thitit-xli U1414414 1'1;1 (logistic function) 11101116141411 6i= MI (normal ogive function) 

1111flfifitlfYililitflflifl;111D1111flnilfliiM,V111 

19.11,9M.1f1FIV=1"111414164141.1 f191=V1111VMM111i6Jillif5:11'ilINflf115VID114DVD11tT11 

flT111V1111151191D1rP011'-'31-411.1111flIfl;f1141^71 fiihdIaffLIM11f1-)111f1111^4115till'illNfl111591'011fill 

flT111 V11111 	 ItvivIlfiCis'uia;a31 

8'nliturualv1ll111f1tiloinvoLn'An15f111rafuilutinfft'wann2i uDfmnillutflaiDgtililfrith 

111-111119iDf1-3111flfllfliflAall cidilaldtillIrcauciFifnumminvu;oov4OVIDIJInflilVITT114 

Illi91flindfltrililE15J11.1f1171-1111J1chil l3Jd91flf11591DIJITODIJ 411114f11111-1 3 I1.01fl 111) 
1) I11191flf11W1T116liDVDIJITIJIJ 1 11151i31,91D1 (One-Parameter Model) 

1.3.11 flflf11591DIJ4DVIDIJILIJIJ 11^1151f1191D `111D Rasch model 311416f11.1fIdl' 	V1011Ci 
dil£11,14'101^71iiiidIfl%'Vf 911111"1Jf115 

1 
Pi  (0) = 

1 + e-03-130 
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inn P1 (C) 1,1111,1fil t1211.11:11§1211%diki,AmAilfry-amilim 0 92,1V1D1.14DVD1140V1i14neial 

b, 	111114fil fill'il51111916W1111E111191014Dn'01_144 i tfltifildfill1V911V1111111i191D4 ICC 

ill VI 0 viriiVfl1M1DIJEtiOVIDIMI 0.50 

e 	ini114f11 2.718 

0.8 

0.6 

0.4 

0.2 

0 

-3 	-2 	-1 
	

0 	1 	2 	3 
Ability 

11111 2.1 ifil6f111fLIVITDrIDIJILIJI1 1 1Ali5i111G1a5llD19IDDIJ:rri1Jf11IN151iJ191D5fIl11101f1 (b) 1111t-% 1.00 
113J1. 91f1 The Basics of Item Response Theory (p.27), by Baker, 2001, United States of America: 

ERIC Clearinghouse on Assessment and Evaluation. 

1416f11JtlffAiarro11 (ICC) amiLaummulau4DffDIJItial 1 111151r1LADV3716filitlgilialfkl9Tell 

b, 171f11111_1511AM111A'flliillnalliDr1011111iM'AID 

c,  

2) IuNMF1159101140MIJILIJU 2 `11151i31116.'  (Two-Parameter Model) 

IIJIMM11”10 1140 VIDUIL1111 2 1^11 5lill9I0f6fIlittr,;:'1110 ?MU 11 UT/ 4") t11441q1,1 

vilValf115 

Pi  (0) = 
1 + e— Dai(8— bi) 

111 e7 11(0) li-intu firPauctfilfrailmium 0 %',"91'011991DVD11991D1711  i 141 fl 1 

b, 	trviutil fill1151i1111Offn11101f1€110161i0VD1146711  i tliffldfi111M11111111,116ual ICC 

0 VlinDfl1MIDIJEliDff01111 0.50 

a; 	11111461 fiT1115111191ab'114194-itruntul9ivvrvv914 ituihnim-naviNTal ICC 
o 

f1,19111,011/1 b, 

e 	111111-Itil 2.718 

D 	iniutii 1.70 

1 



19 

0.8 

0.6 

  

  

0.4 0.4 

0.2 

0 

  

  

 

-3 	-2 	-1 	0 	 2 	3 
Ability 

FITIN 2.2 IfT1A'1111flit 9TaVID1111111.1 2 1115117101Df910140VOIJ 

filild-17117101910i'frillltI111(b) allfT11 1.00 tilY11519,1tVtai'gT1,1Nill/1411 (a) tY1161.1 1.50 

"lfl The Basics of Item Response Theory (p.25), by Baker, 2001, United States of 

America: ERIC Clearinghouse on Assessment and Evaluation. 

iftliTfllit1240VD11 (ICC) glliTtlikILflflfil591DIJITOVID1.111111.1 2 111511701DiIl thIliadtilrhil'il,16V,IT  

b, 	 rffiittilstilhuomi'filJfunal9iarrvuttvimA 

a, 	 rifilinheduuvrai6mitiamAamosiar6 
c, 

3) IllW11159101J6ITOrMIJ11111J 3 11151r1191a (Three-Parameter Model) 

11.1 /91M1159101J9TOMILI,11113 11-1510191Dif• ilT4,9i'1111f1d:t',51TOVID1111111:1101,14")014,1(14W 

14 	n 15 

Pi (0) = ci  + 
e—Dai (e—bi) 

triD 	(e) 	flT11.11-ilnfildiir191D114,911f1T11Jff"11115t1 0 	a au a ush '6;  i 14t:1,f1401 

b, 	lanai] ?"1-111151i1191Di'f1-11M11f1GUDlerl'Off01.16131/Dci i 	 icc 
i+ci  p 0 fir110fl1V9InelTOV011till 2  

a, 	 f1111151illADi"4-nn4-itrumuD19iDn11951Dil i 95111.114d1f1-J11J41,1‘1D1 ICC 

Tni bi  

c; 	 ti111151i'llAdiDf11VN119iavav14n 

11111,1d1 2.718 

1.70 

(1 — ci) 
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0.8 

0.6 

Po 0.4 

0.2 

-3 -2 -1 0 	1 2 3 

Ability 

11111 2.3 IfislAfllitin.',11)DVDULLIJIJ 3 11111i1L9I0i'611011110ff'0114171;31 

fill1151i1WIDi'flTR1111 (b)Ivi161.1 1.50 fiTIA1151i11,910i''611-11ilibldfl (a) ailii9J 1.30 

fill1151th,FlOnDfl1VILMITDVIDIJIG1fjf1 (c) IY11f111 0.20 

LI 1 . 91fl The Basics of Item Response Theery (p.31), by Baker, 2001, United States of America: 

ERIC Clearinghouse on Assessment and Evaluation. 

145 .thIllitirtiOV011 (ICC) ''111.TIJI1J1,91f11591D1JgliDff01.11.11.11J 3 11151311910 

b, = 	ilf11111.1111ith1149113A'nmunralqionintvimfa 

a, 	 r1d11,11haldE1119113.16f1Nt10,1104DVD1111,91MA 

c, ilditilhnidEr,19111JA'f111=6110140V10111191M'4V 

4100flP1t1101P1v1,11Ant;fl119151qffell 

141114141111fli1191ffirf94`Vil9111.4 IRT fill'ilalfiltnilnilTn111,161101fl1”101140Vf01114trkl 

6111Dv:fillfn11.1V11115f111010vintattpiA'nlitu-uallYDV011 1111flff1159101.14affa1Jllh10011,1Z194 

fl-)11114014040ffM11.110141,11)M101J 52,'fl1ILIIIEnrivAfIllilit'43gcli W.311111111.1MflfflUiSf111111_1141.4 

Ddiunna,-Tr 811631A911M11151D141111111151'f115Tn1519D1113i147M151 Ltvi1,5111115f11A115-)115'33J 

91'0V1f1Nbil0,9411 	IRT 

1) f111111.1.1141011N (Unidimensionality) 

409111fl11.11D141-J111461YMile1VITIJ IRT 

11,1J1JY1 01.11411TM.CIEllf,,lt114'fIlitlIn3ifn 	frd111V111.115tatn (one ability) cill11011ilfr113A141011r1F1 

(unidimensionality) 
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ni59-15-rovautry-wr1l1nniiii,uNifilDlao IfiaLLIJM191VDIMmisnt-nalvii1911m1,11rnfrilfini5 

5Lf15 	 frniuminlii-ninf1011 (Factor Analysis) I110411,1-Ifilfill'Otfill (eigen value) 

ATIli114f1N169151riTAVIIM1161111104:1DADILIJWV1OVI'DIJ*tafIliflindi-dfilEn (single dominant 

factor) 111D Vilfinilf151`All'ififlf1")1/11ictikilltWAE1f115 511151.T.Ifal 	t1D1161101.161,1 (confirmatory 

factor analysis) lii10915-AgD1181,161,1illfitOliN11101,19J1JY1qr101J41-NliklitIS'fllitlIZI?th 11110 

f1111JVC11115Dillt11 

2) f1-313,111114iiinr, (Local Independence) 

iriniial'Afflfillfl-nutiluBrinnwill4DVDIJitn'OrD1131fIllamiu-A'alunADLItm-infi113.1 

itutomNiTaltnnyvwou f1-113,1111146nntilill9IOnT1111,,,l,ifl'DIJ 111.110611fjOilf115t1-311VJ 

fl'illM11115t1 0 CirisINMi0111591D1140VD11111014 8 nlfittA)-) Nff115V101191'avuttviaz9IDWI,'hltil`14 

6MT,infiu illondi-Arramill9i-iitriDfl-MtpAlliriMD4 0 LLANflf11591D114orramiu4alaiii 

fn-wiiiivsiffil4 11'1AD I1119Mf115F1011W1T019ionlninlol 0 11;til;itniirillf1,1c1;i1611i1AMV;Of11591DIJ 

5 1040 fl'illailigr15:',V111115f14-itrunfinfivi5tuitilufnianiNEnnni-i1140ff01.111,M;M11J5VM.', 

5vviiileo,uirrpu 

2.1) 	f1 111111114iifflr,5r,11-11,1€110ffel1 

131D41JPP011.4af1'311Jff11J15t1 0 411111 1 f114 1111115110114aff011k4a 	i9lTINff115 

fl0111110f12.,'LL`W1-140V1011911a j 91 'S'llflf1-111t)3.1 0 611D101D11111"1 fla,111411NM115910111101rPD111,1\41111,1Vi 

r,6tiD 

G111J1,1 P(U1, U2, ..., Uk / 0) = P(U1 0)P(U2 / 0) ... P(Uk / 0) 

Trik=i  P(Ui/O) 

t11Nflf1-1511DU4DVD115 1E16691.014VD11f11,1I3itl')fill1111Ana,'1fit-ilif1-11111.11ni1149101111111 

LLN1,11115ADIADVOIJ k 4091D1PP011iiik -313M11115t1 8 T1',WilfilJNfltlillTniillf1-313.11-1111611O1Nfl 

fil”10119iDriV11111iMA 

2.2) 	M1341.114Bfflt.',IIIIIillrliffOIJ 

IliD4L4orrawuji.an 1 9io 11M15910114r10116016r1D1.1 n f114 MU;  lifLINflfl1”1011111Df11,16141.1 

€11DOUG1101F^1:f(011f11,111 i VIS'altlfInfp1 0 VOlGIVD111L9iM,TLILIA Mutrur,mniumucualcIrmuLisin 

811,11,1 P(U1, U2, ..., Un  / e) = Kul  / 0)P(U2  / 0) ... P(un  / 0) 
= Trn 1 KUi/O) 
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tilM1156810111YDVC01161ialtrIfi'W`UDJOMUIL9infltallAVSVOlflfitlfl'illailtiltTIPWLIDlltlIJ 

11, NUf1159Th114DVDIAID44VIDIJ n tlU Tz,Triifi9 Nnljt1 stwi1lf1717Jti -mnil1nolmflni5clou9TE11d1 TD4 

f115917TOVD1IfYillallArfStInli119iormuun ODIRMIJ1Stlf11,Y711.4100f115.14h15t111 

13JV15fIc11 fn111111151.15 -)1-111, M;f1113J111.15115-31,1i -11.1 (variance-covariance matrix) Vilalanlinchliii141-11 

(correlation matrix) TD1f1t1,11,11-141AD115109YD '0111 i'111143J4nufliii'mnillV111.115flailfill 1410fiT140f1 

0 

3) illiclMfIllI101.14110ff011 (Item Response Models) 

IRTN11111111f1"111AD'iTalfiGif'`WfIllildniOrr01.1 	 (ICC) 1113,115f1 

fft 411f1")11.1illicuiVil5nl'illfn111V11.115f191D1rPvufiullg111-11D14DVDULMI'Nff1159101_19IDvaii 

i1lIqflf10119YDr1D111,r1"WD ICC tfll'ihviltquiniv4-Hiih11,6fIliiiiliion9iiitiwnufnnuvrmilmoiTi191 

111581EJA'filitlIVUDADrDIJ IlOMf115F1DIJ4DVDIALII1J915'nlqflnallA 2 ti1 (dichotomous item response 

model) ci 	fil,IWINilln10 	Illdflflf11591D114ar(01.11,11111 1 1/ 15131WrOi?  2 IMiiiLVIDi"  1ln 3 

111511J1910S ni5iSan141191mtifiup-14111111E19101111,1=15511T1191"014a3g 

3.1) Illiflfl111591'01.191DVDIJWIJIJ 1 1/115111N16"  J1931.091flfl111101411-i14D?01.11,1fi"n 

40311115131191Di"  c= 0 Linz.,'Fiivrmillooi"  a rililfTld It9irffnmiton9iiltii,norm-,m5inomi b 

ilvV1011112: tnii'ul976u ff 011611,M114171111iVAll 	h14 GITOVIDUilfia 144111in tierm TulAN11,11 

4D VD 	trradluto n 

3.2) IllIflaf1159101Jf0VDIJIIIJIJ 2 1/11511Jd9105 ii4D911Th1111D1414-il4DV01.111fifla,' 

4031111511JLflOi"  c= 0 IlfITUJL191f19illfT9,19JDlfilln1151ntfla a 11M.,' b 11.1d0fld111111112"amitrgfill 

140911DrfaulluutOpnoaunitnnuinlifILIMM*JODUrifY)11.111i'miluni5 

91D11 

3.3) i3M1flf11791D114DVIDIJ1LIJIJ 3 141151311FIDi"  

4DrifY)13JILVItifillfitADTV1111311f1Di'fil111513711910if  a, b 	c I1JIflflfh210111.11:11115111111'119i0VOIJLLIJIJ 

ISDf19101JIT'All 4DVM111)M1Elli'dell ala19-mOvvv13.115t1IM4191011'14 

ellNS1J f11S915'1 riaLlf1'111.11111111'VLITD11.1,1Inan151PITO 	1TI1 40104ln 1 	o t-191'  

11.1111flf11”101JVIAD1ctivvrouhlffDflflhlt-TIADVIII,iD113(Nflf1151f151:',IffimiLpfi01 

111f1111.152.1J1fIlfill1151i11910i1C181411S'flfilIfY)13J1111411114,9q91 (maximum likelihood) 

-2 log likelihood 91'019YDVIM911e11511'11f1")1111Liffafligh11101401,J,UT1,1115,tlflIffilli11111AILilld 

tiTirin1151109511d114111J5Z.',IDIMML111.11Z:V1.191D1I1JN1fl fll -2 log likelihood Vid19111fill511)61111.1L91fl 

fllint1142E1dt1'iiM1VD11 X2 riliOlhOiinUilni51.1i'1114111.1191n11979Jcfaalaailfp,1111711110fnlIJ 
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1113J12..,'?(L1111411,1Lf4E11191 drlD df efliii'11f11SY1flfrOIJ X2 f1D411,1TIVIA1171iliVIDlitiV11,1/1D1I3M1A 

7 1141mAi ti 9 	 llf115alitIlanItY111.11141.11a(115nYillIIEn 1, 2 um; 3 11111i3L910il' g1Vi5111,1,111111flrrall 

f11514011Nn1;511413JE553J 4.- 1n14 30 6  (Fricis'ei 	2555,11111 61) 

111511finifinfl-311J011.112;r(3J5V11-1111.1J10a 1 11151111tilDi'  f11J 2 11111171191Di'  

XI—II = 25,924.52 — 25,659.39 

= 265.13 	(df = 30) 

f115M1V011311,TEIglfTiljT111V16;ici CC = 0.01 ( Y 
ik.0.0 1,3 0) - 50.89) 

Itri911-ili1JIROf115V1D1Pfl'DV011111111 2 141151illADIVIDfl?lhlfil1111DIVITi1115t,'11113J1flf17111JI9M 

1 111511)191D5 

f1151,111011b91E111f1-3111M11%;V(111t117111. 9JIMfl 2 1^115131191Di fill 3 1111511J1,9105'  
2 

XII—III = 25,659.39 —25,650.60 

= 8.79 	(df = 30) 

11151191r101J9117014flprIllrfanl a = 0.05 ( X0.0 5,30) = 43.77) 

11M1Yillill,91flfMq011911DV011111111 3 11151i1191a.VD91f1A16114DpVillInif101inflvilalfl 

I111fla 2 ymiiimai"  

4) fllIff01.411i11.11141-1411-111D1 (Nonspeeded Test Administration) 

IRTilD'ilf1-311M11.115t1 0 LtW1_19i't1g1fitipiDG0f115VIDIJ flT1111,1-311-1f115VIDIJW..',9iDelthi 

6v1i1VavivNan15oau nis;flniarrouVleiollaiaTlurriruni5elilvalni9119Tuchiehunnini5rfav 

nis915-nouillfriunvantmpuolilii411-Infl1 ami'uni5iitilwflu5VDurnuist-n7hinnUi 

FNIviTLITIlDfDEJ9VUO1411471*(DIJilYTVITOD1114fisuvInGh iqu6rmuiTullitij (faun 80 !1119 

viu) M1115t1VIDu4aamilh5milatlaufismlaa 1,101191fldfnSiN15f1111,11101111101111.14-illf1113J 

in151J5livuolinnu4oTfilluriumnitn15115--nno14-inushilviouk i11hril9I9JOM111111111.15711 

rtillnA)  0 umilfmionilnut}141,1Jyro.J4D9mmtflo141,1 

111-111111f111601.S00410C101.1glffill1111311G1041101410ff011 

1) fill11511.1191Di'4114141034f1 (a) 

Ffi1TEJ 11141TIT7ia (2555,11111 55) fldYlil 11TV11,911t11491fill^111111ADUltM416L14f1 (a) 

+GO) trniMitiluiran 

0.50 es, 2.50 
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Baker (2001, p.34) 61111,1911117111Jflf1"111J113J16d1111511711S1D16111111i11114f1 (a)11111 5 St,'411 

0.01 —0.34 	n'AJdO1J411951 	 0.35 — 0.64 	51, 1J411 

0.65 — 1.34 	St411..11.111dadll 	 1.35 — 1.69 	5:,411dDIVIT113J1f1 

Inflfril 1.70 	5,`,1511J3J111 

2) dTV115111191Dfl"113JUlf) (b) 11.41111411719.101110DVOIAMT11151i71111Dffallitilflq 

5°,11ill (-3.00) till 3.00 (Baker, 2001, p.22; De Ayala, 2009, p.101) 

Mid n1two1,111'il (2555,11M 55) 	11-11111171q14011 d11115101datn13Jend (b) 5:11611 
(-00,+00) fmnfiirliinnn 

(-2.50) tll 2.50 

3) fill11513I91D11DfliV111-111151V119IOVIDIJI4f1 (guessing parameter) 

fivw-yri (2555, Well 55) lid-nil 1141/111/1f)114ild11115111191diliffild11411151d14001.1 

149.11(guessing parameter) 1,'cvrill 0.00 ill 1.00 14143111:1101119761TOVID1Jfilld1111513711,910f IDMV11,11115 

IMTAVD11141flIaarw 0.30 

Baker (2001, p.28) fldlTil 1141/111111t11140d11^1151i1WIDfI0111V111A f1151d14D?(D1.114f1 (guessing 

parameter) 51'1611 0.00 el 1.00 IdEnti31111.103J144DVD11MidTVV1511.1191"0i1Dfl"Mlldf1151M4DV0111,4 

tlfl 13:11f11,1 0.35 

qildff3J1IGIWI11113:1111.1511JAUW1101d11111117119104 (invariance) 

IRT model ffOddhl (fit) fil.14qMg 17111)Taiffn1111111L1J5111'hWUNIA1151311V10 11101 

911Dff01.1 (item parameter) ILM.1^1151111.910il'fn19JV13J15t191014n1J (ability parameter) 4,919.1ilifpafIlliii 
9101 IRT 	dift199.1J1'. 2555,111Y1 62-63) 

1) fn13.1191A1.1 5111&11910•911151311P1046110ff011 (item invariance) 

- d11^1151371191Df 910140n1111.11111511Mtallthimn9:3*Du 

ICC S'nNat,lilEnti'w (a, b, 	gTili'llY9111119:3Jt1-313JV113J15f19.1d16V1011 116fG11 31 ICC ilf1-313J 

VI 4-  13.1n: pla• 

2) flT111111611.151,A11411049/111i1G104f1113M11,111tletIOlvv,f101J (ability invariance) 

- d'11115111111Df6U011frO1113.111115A01411.1d1111dTalfPfall 

1110111991DVDWillrl (1),d401):1TdRlaltl'Iti14) 	7hff011191d01461111,i1ElfilkffD1119 

D919i1 	f1111ff 	PIO'D 1.1 fl dd.: al En 614 Y11 0 171.1Sa1J 	Glv11f191e0VD1J111,1 2 `1fGl1Jf1711J 

1,19111d1161.413iifiLl SEE IlMllilf1151.1511.11f1Idlf1-)111V11115fliifY)11.1f141413.1r111D140VIDI.J 

vIlflifldallff141M1110.9fiff01.111at.',11111.111Aff01J (Item and Test Information Functions) 

1) alf1111-1ff15V114111f111D14110f1M1 (Item Information Function) 
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riliiiiiarinnevinalliovmaJukviirouifirrfilvinkvilt),tuA'fIlitlIVUD44DVID1111fl106'1111t11:: 

no114-30 fimnialmawnmin fil1115-61191044-ruivtutuntlfltfilfn13J111171J511PUNMILL111,1510 
91 	el 
EIJD IYID1ru49stpurnruDliTanu 

[151(0)]2  
Ii(0) = 

Pi(0)Qi(0) 	
i = 1, 2, ..., k 

I i  (0) innifii ti-niffiiivermuillfaffilf117V111:110C4 141.19-m4avmpliaci i glI1T11691D11 

iliitl'illiff11.115D 0 

Pi (0) = Pi tannii t1'11uiwtroA5fliwnwourrual4orrD114oil i tld 9i111.11111 

WIIIM11115f1 0 

	

Pi (0) = Pi 11,111,1f11 fniMil9n1114c1491D11tfliifl'ill.M11115D 0 	 i 

t),n9iol 

Qi (0) = Qi = 1- Pi  (0) 
1/11 641,1V15V1,1111M10440VC011 li11910i" a, b LIM c '11D19YDV(011 

r(1111i11,11,114 -311111IMIrt11414 

(1) filMSVIJIIIITUDADVIDIRI;TIC.1 etTili114VD1131f1-3111V111J1Sil 0 lfdriimill115 	b 

611D1G1TDVD1.1 ItnfilV15ff1,1611f110140VDIMMIM S'llli'11(TV011iiiitl'1111V11117t1 0 5  
lflfiTIA1151i1111d b 910440M1.1 

(2) filr(15f1"WililittID14VVOIJ191EAWValtilt1414 t1lfill11511Ji1D5 a '110440V1011nd11.11f14'W 

(3) tilViSr11,111/1 41TDIfirmafiv,1414 diad-nAns 	c 91D14orrnigillnA'o 

(4) I i  (0) rfilfiltflqfl fli 411011i1 0.tli c. = 0, 0,,,a„ = b Lai ci  > 0, Ornax  > b 

2) ififlifIdallff1-1131W110111.111.1110VIDIJ (Test Information Function) 

f115-11f151:49111.1111tiq IRT Wc,'111111J1.11,1, NUMSAD11?1"11D1111.11.1Y1OrIDIA1151840 11411111J5t,'3J1ild 

filtnThr(13J15fltD1FIVID11 4'141,4f1151J51,1i11,1f1f1411111910 41.111111*-1V1011 V1v11115fliN1Still9 111f1'3111 

cp-14011.1111,161111f115 Ihr,111t101-1111V11.1150 60140109J 1410 1449f119-TTillillion-ii V15W1,11.111f19101 
.r1R 	_or 119.111`119M01.1 [test information: I(V)) 9f111114t1

2 
 1111f1911,1015V(MY1f19104141.11.17191n11 61.411101f1NaTMJI,TII 

fklflt19161101fillAllefiimmunifrual4arfautt9405-31.1191114-nif-Tultill'u tu G11111Y1d1 B t-̀lEnriu Gil 

i = 1, 2, .... k 

tiJD 	1(0) Itcnwii divIltiitim5rfurym cillativi5rrunififilnuTifunnicn9mouilviTu 

r:,„iflouitilfnliM13,115D 
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f111lAticiTurrisvuirff 9JD14Dnuiliiim-,40411J1rn0ti1ltilivEnt,,,i)int-11d91at11rn5wwir fI9104 

111.1111W011 15YIKIDU1111 	iiiminfilfnmenntmtd-d-nm 

iitainvasniarrouttoinniailltimmiptniut4alfutD41,1,11111WOUY6IN tahirriamnii-antudi 

'UD11.19iDnYD141111,16vIvoinfiw 441114fintwwil141Atioe'ufibtunqviinizon4wfirtvutin 

to.rummouvirwiniTASpnwrg 

niv19infilffl5 WWiliffilf1-113JhrviwgpmpliAiNfniufmmlfigainfimzeuGualni51J5aantiaii  

timniuvranstrua•aulcol-al B 4149 imnIt-nut-migtfigmano5s-nnolnilihnrituti-Nii 

fr.:31,141M13.1ff13.1-11fluwarminaloinitnancna-nruelni5dInntufii 

(Ability score and standard error of estimation) 

ViLf1DA113Jff11.111t11101491131J (Ability scales) 

15i1 910*-101J1 flfl15141 9IDff01111 1111 0, 1 	k 

M5115talltlifi1 

91t1 CTT : X T + E 

bijD 	X = flt:11,141,ICIAllIf19114 (observed score) 

- n'111.1145111110111
su  

M191DIA1,11 

- aJt11Df15aY1a14 [0, k] 

T = f1a11141/61 (true score) 

- 	 [0, k] 

= flt'111-11411111191 (domain score) 

- 61Vht9ra ni 91 m4,), n 

- 	 [0%, 100%] 

fl IRT : 	B = t1v11UUt1alaJcT1aJ15t195J (ability score) 

- ft'1,1111,11.119151114 (standard score) clealtillrdf111431t111401.1,M,'11,1 

1110111111111915111A1,1 o 	911aA-191ii 

- 	 [-00,+00] 

T Er-i Pi (0) 
- M:1041161 

- 	[E ci , k] 

it = k 	1 Pi(0) 1-  
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- finarwirimaimiJcwoid141,14 
1 

- 	 [-
100 

(E ci)%, 100%] 

fl T130110140149.119112111110,111111_11°,11110141 (standard error of estimation) 

fr111,1flalfliflAtnal917211AD1f11I1J5nfltilfil [SE(0)] lillifilrhldliitilt11113J1911211,191B4fl17 

tnnimwinniwAhaolfinhantutrramiuinfinviVii (0) ciltilwilioincuNnaufivfniumial 

LI1146191D1f1151151,1.11i1i411fn111V11J15f1VilDf1lY71641,1V15MITN6U010,1111INVOU 414(415 

1 
SE(0) = 	 

-0(0) 
= flTIIMNILtIADliu-NnsiwuNnini5r,Ditufii RTIITIJIVIDUCI4 rifY)11JV11115f1 

vnsvriairiffiri%iniiuumn-ou d'lli'lJODUCiiifY311M11111t1 0 

ni7vvinpfifitiDuilfrynitmiqmAauluni5ihnitudit-n-ammin 0 41'i19141M41iflAD11 

111415STW1101f115115:Alltlifiltn111V11115t1 31dityhriuirrunthpualsinilmnolfiivIliqurnm,lawr 

qrnlii11111NVID11 °I'll,T11?111^1•Ifi'ildg15V14111f1IDlii111YINVOIJiltilZ1M111fllqifIAD11111915111,191D11115 

1152:1J1tlifi1M11,1V11.115iM41 	filfill41641,1ff15"Vf1411/111011111111WD1A?iiv fl1 klirralM,A 

fnlare(11.115D B 191 (11164`Wf11791DUV1,1 014DV0111, 69iM,',WilfrnuilltilliMM11.11b1151JITtA'l f11 544111 

0 41) fl1111flffl91111AD11111915211,19101flinha,'Ilitlifilf1-3111V11117D6011rfal1 

trimitaiud1viuni5tharnut1141"a11Jc1"11mf191D4rfou B 1114 

SE (0) rillailciflA'1E1 filif1T1111q111001.11J1C15111191D1f115-1'91 (standard error of measurement: 

SEM) 114 CTT 11S1f19i1161,19151c11  SE (B) iltilFNUIJ5111_19111Alillictil 0 11.191fIdill  SEM iNdfilfilfli  

g111511691D1111fl411,1 

6111119191D1 SE (0)1:111111fIlt191Mif211.1914d 

(1) 1111111141e'eD1JY17J411d'J1d910c^f 	911-11Wt101 SE(0) 

(2) 1,11111Y1fMOIS1314D'aDIJil a VS1, c 411 911114191D1 SE(0) 

(3) 111.1111NV011ikInf1D1JAIXAVI'011i1 b 	B 61104CJ 011 

91111419104 SE (0) MIN 

(4) I (0) Y11J411bf11d 25 92,1fill3i11111WUD1 SE(0) fiD14414fililliMANODOVi0M1).1f1Mit16101,1 

111m7115:',9J1tud1 

1.3 D110011111.11JfillnilAbillialP1VIDIJG1111111-1-1P10 6110,9 Birnbaum 

fiff. 1968 Birnbaum LVCIAMS1115aDfli11111f115f111LIJ111/191VD1linli1JUlt1951191Olf1")11JiValdi" 

lislinflsUallATlfi971,M15M,IIMITD140V011 [I,(0)] 	 [40)] 41111-niNdLifjfY1,111J1 

SE (0) 

I(0) 
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1.1111f19111511.1f115i'MpLIIJI.FY1OrrD1.1 (Automated Test Assembly: ATA) (van der Linden, 2005, p.21-22) 

111n1D11410 3 41,191D1.1 'AD 

1) iiiviwitilimimalnisimplitIUMMDIJ 

1.1) niviiqrumnwrourvimillaqiiiinitim.,,Yriou 

1.2) nisi'91pitiyviorravilivilililiihienr,4'uncrytliittim 

1.3) fliSi'Mp111,1JI.M1V(DIJCAD1.7111)41.8Df19,1fltla 

1.4) f111;91pL1111.11/101VD111401111111'111JIYV191V011D9,11.1111liiiNtliV3J117191D1f1'111.11111d 

ti911,1 114 

2) 411.17114MILLIJN1111113J1E1'1101f115i0V1111.111M1VID1111,1111641,1V115V1111Y1f1611011,11J11V1OVD11 

(TIF) 6941 

2.1) 115'616-1111,1q11.11913J1E16UNfl15IMIIIYIFINVDIJIA'01:11111-li:Nt15:1111,911-)1111iljt111 

OiE1401411411q5a411filf1-3111V111115DTD1O'DIJ (0) 17"M.'"ii7N4'crilriffl1111.411VviflnlfliflAD1.1 

TIF 

2.2) 1176,1611)1119111.11113J1E191D1f115611911,111111/1flffDIJMOMIti011Dfllylflfl kr0FI191101 

6191191f1n11111V16110D11111J1411.g1159NROVVIDf115ti9118DflielfMW1flitil TIF 

f1151111n11,111111J1EPUD4f11541911,1111.1MVIDIAJ TIF V111115t1traq1i111111A1 

nuunouichA 

— — — truurrouircillien 

5 

4 

3 

1 

OP. 

-3.00- 2.00 	-1.00 	0.00 	1.00 	2.00 	3.00 

f1111 2.4 f11561111,19119.11111.11t1611D1fIlliillptL111.11W1VD1151NiE111M11.11111WDIJil'flISDfl 

91f1 Linear Models for Optimal Test Design (p.22), by van der Linden, 2005, United States of 

America: Springer. 

3) 57117-31.14otiom91nfit1i91oiyo11 Iflu9ionornqnt-Ndioninnillniluanaunnocuol4OfT011 
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(Item Information Function: IIFs) LV101119141TTJfii1J V115 rfld'atialfft0411,1J1J110 VDU (Test Information 

Function: TIF) 411A11111111106U011117e111,1,111.111qVIDIJ 

van der Linden (2005, p.22-23) fldlTil 1115ODf1111111f115?IfilLIIJMNIr101J9111.1b111-S191%01 

Birnbaum iiliDilf94111,111111.141171' 41114 

(1) fl5t.'11-)14f11541.80f14r1D11f11 40Tvilf11541.19YO'd'Olnitlf1MOVOIJIMVIllfillnilifil TIF MOGITY 

14f11 TIF cli k011115411 f11543J40g'011111f114118'flf1159101f1151111,j (combination) 	NnC IAD N fled 

cliOnIN1t1fli99YDW01.1 Int; n 	fY)13JUTY110,911.111.11NVDIJ 41114111111141.17iTel*TifilSkpl 

timmirraufiu-nain LLViL111,1f115TMD1C4OfrtiDVOULL111.M01"kflV19, f1 

(2) 111 flkOlt115i'Mplt1111.1Y191V011ilLiJA0141V?1cii'lJ4011 	1.1111.111gV10110111:111.15n10114-30 

11
1
10111f111 141 7 111'0111 b!SiM ,̀1,6011111f115flanl5nfall10191'0V1011 9S1f1159MMILUllY191VOIY111.1f115MeN1 

Oltlf1111-1%',1111111,11tn1J1111111.1.41171 

1.4 fl1500f1111.1111111ff11111.11_1110ff01.19113J1111-gicrUal van der Linden 

van der Linden fldlTilf11500f111,11111115Vf111,11.111 9/191VDIJA81115i0ICHLIJUTlqr('011ifl8D1f70 

111511,f153Jf101,1ii-11110f fl')51.15`,t,'1101J41'M 4 41191094 ?I0 

1) fil1114M1911101f,pli'fllitlinWIAM110 10,111J1r1flffV111711 401fl15fl'111411 1.15z;naliAti 

~f1SJfl~lJblde7T11~Tafl15 141 fil11151/31.910iCUO161iDrIOULIM1,111vrorfau I.LM',f11561111,1051,411M11,1414m4 

2) D0flinitlf115Vfilf4Arow-nuf)tuA"flIMVI1011,1119JIWIM011cif7111`014`W 

3) ITM1111fli'lf0V1'01.1 411.15tf101191
v 
-3641191014 60  IllUtiitlIADVD1.1 fl5V1111(1714L= 

1.1T1111119IDV(011 f1151,19MD11979YOVOIJ fl151JT1.11V1011f11.111414 1, Mtilf151tIlflill1111191V166ff011Int 

111J1YYN1V0119113JILUM 1 9115131191D 2 11151i11110i1110 3 11111111,910i'ilI VOflflbliTuA'fllitlir110140n11 

4) 61r111,1J111,19M01191111flildA'ntlavoluinimvaucritiimmili4 

l'ifilI&IipittlYLITIGIVIOU (Modes of Test Assembly) 

1115implinnimmumfii:14D1.1 V11.115f14itainitlu 4 71if115 	1 nr, 2 lallf1-313J 

fiE1111,11-11561rt11.11.11/ 9MD111401rIqff0111,iftd5101), f1fln tw1n5rAnun15iim1G14vf1miavrauvialfrp 

911')U9114101 i-)1,1Thii 3 UM,' 4 lallfrillli,10111310f1511r311111541p11,t144M11114f1DISI-H910f191113119hel 

4'47-iunr,fb'n 

lgfincii 1 1111&110111.11111VMOIJAElfl1143.4offou (Random Sampling of Tests) 

511 1115C1f 19ILII' Dfli'140ff01131411.-MAUMIAMEMT') Lifl:',1111111543.140DIATTrfOc1fiblfTIJ 

TwAn-mwvpunisinlalimin-yut-pnivIdIvniufimmtAmain 

fl1S 141 fl e7 f1111/WIff01.111,1J1JkIlF111 (CTT) ?I''Mf11561111-HATTf19:1J4MLIfil`Vi nio19-1409111NI,110141,1 fl 1J 
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fit 111,11,disl (Tip 1141fillfi1gfl&YLIGUD1f11SVID1.19,fl (Tt) VildflA'4 61YDV01.1111410111fljfill115111191Diln 

iirt941 	 (Tt) psiutili591111 

n4LcIrruu 

2 Dl1611101.1.1.11.1110M1J0111E111114114110ff01.111.111.1d1$11.1 (Sequential Sampling of Tests) 

f1151difIlltri141115Y1WCIOU111111G151i11J (CTT) IM1193111iflf115%Olf1159J5t,'1J1add1f1713J 

fl c~lWldfl~e~9d11e75f11 TT 	TT 	 f175141111.Sfil TT* fr112:Al 0.50 911111 'thlf1116'1f1d1A414114 

f151'11T1-,11111 41JITOVIDIJ1 .1141119113J616)J11'1491D1,111B1f115fT91lhf140ffOlJiltfiltlilla 0.50 

fldiAD11,1f1154,11€firfaumiarmitadin-mivantutii frj 	 fr'j 

I(.) ill't41J 0.50 'nf1154,111,7111.11411,111151191011TOM111501.1f 

9gtmci 3 D114nplillulnitalirnGiffEnrini119:0 (Optimal Test Assembly) 

)11115`111411,14 -1F1W1101 Birnbaum I91631611'W1D14P109%141.11117if1155'311511J4DffDIAlflt161 

II'D'er011411qfl1,11D1MULLIJIFYWIV181J9i11P11'1Ji1;31fil TIF 9111.11.11111111EJTIr,49:rffilkalni5 

5-)1157114avauilw%I.Inqn6141iltipilithttnnymntiownvfliAollilihin-mioErutiot8Ofrh01.1 

1,T1,111111M1UflfflMflADIalflfill111113.110i1151111A1413100frIVI 

4 Dll&lipti9l1.111G1ff01.11111111.151J1913J1t (Adaptive Test Assembly) 

fliST,114111f1114111591D1J4DVIDIJ (IRT)111f11543J9i0VOIJiiMilll'fillf1-111M13J15t16151104tPDIJ 

(0) ILmAuni543.ptiarrumianifatii-AilswiiviwunrimpqqTalPoulwanefm 

nild5r,pciliclihtinludilltpnynAntikiman4riAion1141runrommou 

(Integer Programming to Test Assembly) 

f15i1111f141940011411-1714 100 6U) 4DVIDUllvin4DF4114 f11511T111c1E111fll'ALIJ 	40V1D1fY11113JW1 

JWl 2 166111 D) 14011111 1 f1713J5df1f17f11111eDdY19955 din116111115 i1ln14 50 99.10 rfill1171; 2 f1151.1U.1f14 

14f1T111,111afiVIIJPATTII 4194I11 50 6?J'D tim-',141fiGiharlSr11.4111fr11011,11J9J1W109.1 tID T(0) 111f1401f115 

iiIrlt1111111qM1 9i52;nouAtnia2fa9J imm 10 4a9ivtilami 9in11D9dl11W15nd -vm3rin1911.151,m53J 

91401111111f16,191filni11101491Ailf11511D1M111fM-NliflADVA4VM1111501LIJNIIJIAD141%1101f115411 

lle7 sr 1..1 tfAID iiqLfha IN 3 1151011 'AD (1) fil TIF fid YIflSvWl9J lJ a 0 31filailfillY11DVfliltilt1111111161 

filVila (2) 419i79vi9100115'flf1713411411171-13Jinf171`Nlarv11fi1J 10 9I'D (3) 411,1TIVITOD111'91f115 

iinqfwilffi4-nntannn-iivilaniitiu 10 

fifip,Taf144D1f11119nIf117614411,11.11JMMOIJIIIJIJ Optimal Test-Assembly 11411151111'11t1111TV111 

fli1191111?(919fldlA940411111A'nfli5M5i191atriaDnViRili5YrIlfitid9M1V194 Itinni5fiqiSan9-1"-)inJ5 
A 

rvqDwirL1111171qfrOIJ 1A114 
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(1) nqnisiTqFrultig 

ELo i 	
nqn1561ErilliA 

i = 1,...,50 	113.11all 	liavotrThfriaif 

= 51,...,100 	11111t1i1/1 	€finuToninIstp4191 

Xi = 1 	 'tior(Duitl9iluni5tiflISDnilmiTu 

xi  = 0 	11111E1i-911 	9YDVOIA1111.11011f115.61t8D11141U1r11 

(2) qt1"155-33J9i0V101111111Jti'111111111f1 

flqf11791flal,I14 2 

IUD 	Ii (0) 11111E49 141fi41-1V(15VI'LltY1111040V(0114011 i (Item Information 

Function: IIF) 

-Itlf1W1159̀fgEICIWITD1r14  2 11111GTerf ilmchnuvriiviiInuni56-dan 

	

vrisalWVIMID1LI111.11r1001J (Test Information Function: TIF) 	TIF 91'01 k 5,1'6'1.1?1'313.1V113J15t1/101 

e:‘11V(011 (0k) !SID k= 1,...,KIAILIUDfltilfilr115M,Y1f1T01111J1J1INIMMITHUM tld Snillf1-313Jalliln 

910401011ci k r(11115.01011111/1,16)Watlf11Jili" (Tk)114011,11INC1k11141111Y111t1t11141M159111Y11d'i1fl15 

9104f1-1111f1DThifid01411DTV1V,,N1 

(3) 11 WW01f115691130f1411.111-AVDIA1DITIJA0111Tlifil TIF 9111111.11913J10 

	

minimize zii= i Xi 	 fl,W115A'fli114191111  3 

(4) TIF 41111 

v100
ji  
 rok _ )xi  

z4=1 Tk g 1 11 i'lJ19, 115 2,411 0 flQf1159iflR1119c1 4 

9innqn-m1gVI9ii 4 	 Tk  wmtnrummounor4114011ifillnaolfiudi 

TIF 1111113J1E1141J1f1TIVIC1 

flIr.l.M111111101t11561111-,1091V-111911flillfilff1441115111115kp1i11J1n1glffM1 

f115415, flitUlflilflg011ikitill1f1154-Mt11552,111411111111flealflinatill 01,11141115Lit119,1 

f1011ibl9V05111,111f152.;11T14f11
0 
lt111.4111,1 3 41191D14 YleJ 

(0 t1155:VNI11414111f1159ThR1119 

(2) fliSe1111D1,119191D1f115191919111,11111/1qn11 

(3) f115Vf11191t-rdn'ff149.101f1154VHIMITN1?1011 '1'111E1M'Af.191 

(1) f1155tIVNtth`711.411„1fl15Vii$1F11;19 (Identifying Decision Variables) 

INf115511V1156MSDfl9iDn1191f1f1 :111;11111161111,N1Qt1IS'IllitlallD140V"01.15109I'D ihiS0f1 
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11MVIVelliDfht1111 tflrit115611111ffilci111111tff1111M:VOfflkliiim4111111EPUD1f115i9lp 

11111JY19M011111111,14-W i = 1,...,1 

1116,61131461111-M1101111110 11fAikIL;i1.1 4111-)11111.1111/qVDIJS41101JiriMLIlItliMpltlflf1A'l 

617Dr(D11 i10414111-11,111111.1Y19WID111711413:n169-1f1h111.4T11QTallii 

11154111119111t111111111fifil 91111ff01,1,111611 D1 hinhtuttailthnluni59iflRuGhtilafT9uSon9T-a 

111.15`741f115 V111115f1Lik1141ealli y = 	7910111161111,1fld111D1f1154Vlillth 	tflfilllef11115f1 

111iSti114 2 	fiD 0U1t 1 

1 Lajolionwhil i 9n4"otSonviiitimmumiirtru xi  = 
() L1JD4oc1"p144 i 1111nun-15 611Soni 410.111MD I1111,f14 

6iatillnilti11111nKa111il11t1inufl156'0a1419 

giorrou 1 2 ... i ... I-1 I 

al411.11 x, X, ... Xi  ... X„., X 

1.1111.11100131.1 

illll 1 

0 0... .. ... 0 0 

tr111.191V1V1011 

'Rl! 2 

1 0.. ... ... 0 0 

111.11.1110ff01.1 

111111 3 

1 1... ... ... 0 0 

... ... ... ... 

I111I1OVIDIJ 

'Willi 2'  

1 1 ... .. ... 1 1 

vi)DEillni5t-iiiicowi-En15n159-TqFrulawnianu  

1) 61111MfYI11181711D111111M1VD11 

L E1 Xi = n 
1411 

2) iiimmil'orruuillaolfmchiDy:Twuniymnumiiniu 

+ x14  < 1 
61.i"OffDIJ 6hil 11 61YDVM1111)0f1 14 g11115t11155111,111119..1111MIHillPITIJI4U 

9% VD.11% VI 11 11.M.', 	VID1.4671;  14 0f,l1Jf,l,fl9G11f911.1% V, ITUalEn fit! 

IUD n 111.11fielliTLIT1,140VIDUTWIT11111fflrfOUPIT1.1 
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(2) f115Vf 11610111T91D111116-1110111J111191VDIJ (Modeling the constraints) 

3 Ifil91 fl0 (2.1) (101114J13511131J1ill 

(quantitative constraints) (2.2)1.1011111111.11J0,1.1(categorical constraints) (2.3) liO1411.113111,11FM (logical 

constraint) 

(2.1) 	 (quantitative constraints) 

(2.1.1)110141111,Tilifillii115,141J11.11111NVIDIJ 

< b q 
i=i , 

d10 	qi 	111.110e1 

f15611.11J111/10VIDUtiTIIIMM111-111157W1VDIJ tIO 60 	(61111,1qindiiiiiAin.,,ly,a1 90 1101 

i'MinUfficPauvilekriDucviia-mi) 

tixi  < 60 

i=1 
f15611.1111JY11V101.161111a411n1.41115vifl0d5nrill'IliT1 145 — 150 LiOU bill 

l ixi  5_ 150 
i=i 

145 
1=1 

A 	A fl5ifitiTIMMAIlfihIV117V111X1fIGUDADVDIJ 	5.,'6'11f1-IIIIV11.115D11191
v 

 D1f115 19f14 11151,'1'11 

fr1111V11115D 0, rlfilIlltiilaISVII-IITIff910140nU 1Y11f1 J 811D1411 Yleo 

I i (8c)xi  8 
i=i 

(2.1.2)150111111il1f51lifiln41191919IDVID11 

militumiormuillavvDuiliini5149ialSoni-aurillifluriniwrhri1911i.dini510-dan 

2 — 3 •.i-IISDfl11014119140 

Trixi  < 3 
IEVs 

iEvs  

PROPERTIES OF
ti  

RAMKHAMHAENG UNIVERSITY 
LIBRARY  
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LIJD Vs  Haim& 

meannyvionvtiaii 23-35 iifIlI191119WNS'Oflii3Jf% 11D1-11191 
35 

7TiXj 

1=23 

(2.1.3) 1101419.11iltrialltUn'hrilOVD11 

f156111111JYWIVDIJ 61111491filM111EllfITO14DVOLIVIilfill.1111fillilDtvilfill 0.40 LID141111 ?ID 

40x1  < TriV71115119YDVD11Y91f19% 

(2.2) th1,11111,111111141.1 (categorical constraints) 

(2.2.1) liD1411.111119Jf141J5n11J11119YINVIDIJ 

t15610,111.1110T0119iolni561111M61rhIADlte101119M1111J1111ff1D11 
E xi  < ncmax 

> ni ,n cn 

iEVc 

1f1t101-11611113.110f1113J'illilD111 C 2,1J4114 -31.49YDVIDIJIT1,141 	ncmin  LIMA'11-131.1910VID114NO 

nmc ax 

1156111111.11WMD114D1111761141,19111D1416i-Mfilnall'ill111116111J7n111/1910140VOI1 

Xi < nrcnfiax 

n Vf 

Xi _< nmin 

iEv, n Vf 

91111E1M11Vill,L111MMDULG)11 C 11=40ffu1_17nmil f iiilln144041q91 '40 n icTn  

411J'y1J9iDvf1 tID nIcrf'.ax  

(2.2.2) 1109411sIIILIJI.M9:1J7,141.1191911DVD11 

Xi < nrsncax 

iEv 

xi  < nrsTn 
iEvsnv, 

91111a1L111111191VD111110111 C ILM1919YDVDIJdOni514WILSDniuriu glen vs  ii4-nnwA941q91 

;±.14e min IIM'4114-rwtiollrp 	n's'cax 
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(2.2.3)11011$1111111.1119:115:G1114DVOIJ 

xi = nl  

Xi = 0 

iEV0  
TI1J -106WOVDMVI vi 	Whti n, 

(2.3) It01,11curilmqNfi (logical constraint) 

fl7finiavau4aliubbirriuistiimm etiaffDui -nifiuiioh14ffilj6nmiiithltiviwii 	ve  (set of 

enemies) 

i <1 

iEVe  

(3) f1l5Vfl1T91t45t:Vilfil1D11115911911,11111Y191ff011 (Modeling the objective) 

(3.1) Sit-pJ5,1;valisnriantu 

ni5-afiliitytha;v16,uolni5fmigumnormirTslifiantam4fini5Tvinili'wp 

MolvTiFiqUIJIYVNMU:119154611M1,1611iillA111111.1911.1114?,191 
1 

optimize qixi 

i=1 
ILO qi11111Eal fplimitualiti-nivolvYnnii1;vaniuTotpinvivilialnimmDu Liu 

firm-111919N rdfi11111411-1f1171/191VID119i14- tm4itiunGuol9ivny 

fl5t111111111191V01.19N1.61 0119iD161111191912;111411919N9ileniTff•Ifql-a115n111111910.1 

11,11111/ 91V011 r111115filiitIldlifiti111149-1 

maximum 
	

Ii(ec)xi 
1=1 

(3.2) ifici1in6flfittillJi911htlf1111 

Milf115ifilf,9111.1.111Y191r101J31fl1761111ThillaW111111115.-N Ilfld 4111311 3 	91'1 

V1Jf115 minimize EiEvi xi  + • + EiEv, xi  'ii minimize 7 .,_iiEviuv2 uv, xi 
(3.3) i'91q1J5I'rr,itieLL111161911AfilL911113J10 

n5614D1m56-nnafiimenminGual,fivmillannymnufiblf11541f,q 

14111J1.11/ 91V(fillildifinlitflf1M` Wilt-ill 0.50 911MJf115 
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TriXi 	0.50 = y 
i=i 

Trixi 0.50 = y 
i=1 

nlr„u-aunivua5f11lii-niuollt11911911016191filn71441115unil&19foutnninerominn-31 1 taffy 

11-M1111FinfT14 (Simultaneous Assembling Multiple Tests) 

n15iortanniorimminni1 1 iniulumi-iAnfill3ITTlei9714114m14-itiltm-ri 

171641,1i1 1 9i-ntilltilDni5•979-Cii-ThiSDnilagnIfimN YleO 

1 niachrrouiri i -,),ni'floc11341,11111r1D11 t 
xit  = 

0 diatfivrouci i Ilifmf9mOuLtuuvrou t 
lAllniVO 2 fl1If11lITKIf11519NOVOU9(11111i11DITIJ 

T 

xit  < 1, for all i 
t=1 

111 	3 fliSfilMM17111E1TY1101111111MMOIJ 

xit  —> nt, for all t 

3110111 4 IllIfiTITIaiTITT144DrD1JD11101111911 

Xit = n1t, for all t 

filfi`ihril 5 1115611114`a1 DVIDIJillliff13J1It161ri-IllfT1411ALLIJ11111n1011PlillAnfild14 

Xit < 1, for all e and t 
IEVe  

cal fiGITIA 6 Rh5fiivrmil1111113J1t1110161,111JIMDIJ 

li (ekt)Xit  < Tkt  wty, for all k E Vt  and t 
i=1 

Ii(01<t)xit 	Tkt 	wty,for all kEvt  and t 
1=1 
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nislilitruliat-iivimt-mliAnu91-15nrillinnrnorrau .1111.1f1t1l9i 2 1J5t1,11Y1 

1) fill11.10411-Malii1iing11F111114911D?10141 

xit > nomax 
t=1 

ricrflax > 1 

2) tiivro-unnimmunymiiiiii1410orratrili 

1,14iiiV 1 t-i -mimmvilinism514Anucilisnrilliniii 

1 	i triquIJIMOU t unt t/ 
Zit — 

0 1314arrouil i Ilitriottuurrou t u t / 
vilfiCihrii 2 f1156111W14111'11011091"15nrillP1.111 

Zit < ntmcax 

2ztti 

zitt/ = 

zitt/ 
xit = 

i=1 

zit > ntmein 

5_ xit + xit,, for all i 

1 	xit = 1, xit/ = 1 
xit + xtti — 1, for all i 

= 1 °i'srtiu zitt/ = 1 

1.5 11145'41`7111T1‘En40,161.113.11clacilth41115111111D1111111JI.M110i11.111.11.111clff131.1 

Lin (2008, pp. 1-39) 111f115011141 =,Tdi10111,c1fJ1.1PM1115iMplt11111M1VID116911141171IqfillY13J1.91 

13f11,AU11111.1&)11/1111.111dllilt11.11J1-1 (weighted deviations model: WDM) 

1/0?I'V1111,111.111 1̀101111‘11 fl151/1fln'011111,1f1D1113"51910i Slq1J5,1'nfif115iitilltiD915-AVD115`,;,41.1f1")11111.11d 

ti111,1- wuNtrumwniamltinfris, q4-m WDM Tryrillmq'n-15YmaDuituukuillifTinlq4niswou 
'ham.) 919-7-irriut-n55A41-miTaD1403,01115?101J1fIrlaDIJ 20,000 fill 011.1tiT1/151311910i4114M1111,111 

~11Y1 31311/111 IlMfilf115"tql'UD4f114DVOIJilliflti,191f11VVIi? 10 9111 tilD111f115ifl 4 L&Vil 411114fIt9lld 

152, 127, 147 11M1 174 4091111A)6)..1 ?Illalt1114f1151191'd'D1111,1J1Jkliii3J=1,1q1141115nDIJ4DVI'DIJ IINT1 

f11541.14Dr1011 4111714 60 GliOklivilfill411911t1J1J11flff01.1ti'llI111,1 iht11.15V1011111 ?ID fr)11.1W1k0191517113J 

diD14141cifill1W11104111JUINVIDIJti6r1J11-1'915-inis1995'9Iarrouji5'ni-iiltLuuvimu fflimilutitum 

Guvlamiin-11-3'91 fill416"41,1fplfilitill'IlD1LIIJIMVDIJ9113H111111111M13.1V11115t1TD14VIDU 4-munLifu 
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2 97111.11thflillirfl1J15D 1,1,1,1fli1111111.11t1111M11.115T1 Nflf1174111411`WillYOUVilli111111JWIMUtit 	.1 1T11 

6 9,9T1141141611q111,111MVIDIJ470IIMMIGTAIA11WDM 5:1,11i-1,11/1f11,14f115TH1V01111,111AIA3JfilrYltM 

f11591O U 4DrMUlliilf171111191 t19i14 fildltI9illsitn1Liph19111A11111D14191iiti1111J919JD111111Y1r1ArMIJ 

tj111,111.1411d6915-m15100nUc11115,111i141.111111WrI'D`11 	 alp 

13T1Itilli191 fiTV7164119111A'fIVW,,11D11.19J11T19"1V01.11^19J -illinfltillehl WDM'ff11115fliM111,1111WM011 

9111.171q1,1 4f11791D1AffDlifirlfli114"fllitin.;11D1W313111,101-111a1111tiTalfiGiNfp,16f111f11:.,1101111J9n191VOIJ 

Yl 2 951111.1111f17111?113J1504,1,flh13J1flfrilf115f0V11.19JI.YVWDIJitifp1SfilitlitTDIM111414911,11'W 

3-iiii'll69151f11114)4Da'DIA1 

5 ,̀1-6111,11J9.11/K1V01.11N1J -illiJOI3JWIfltilik1,1 WDM 611-114flfililiii'W1M11,71F111D11.1111.1T1flffDIJii`Vp1 

52,:'iiif1111011115fM,'Irwl6m1f111144DV011911thiflil,Ricifill1W1 

Davey and Hendrickson (2010, pp.1-43) Yilf11511f1111 InntrieJ111`7101.1Nff115iflrliLIJI1TW1'01J 

6911113171 IMJ19113J1flMillAf1,111119Jd -J1411111'fltilliit1111J11 (weighted deviations model: WDM) 

Slicll_InTflfif115ii'EltiAif1M1qM1f),alitilitla'cilD111,11111fflrfOlifritlfliMp14'30 WDM 5a Y1 Jl4Ylc~9lfi~fll5 

Tlqn'OULLIJa4116111/1q11f11791D119YOV1011 "T 'iltir.1141115iitlAtliTOD19%3M115"91DIJ91f1FIV101.1 5,000 

f1 '49JD1JIJ 240 40 111011111157fl 3 I110111 IqUilill-131140VIDIA0111D111 110 96, 72 1,1a2,' 72 11% 

9111141h 9.%,117110t1141 	wyaaJuti911111V1101111'allifll5T91 fil51-151E191D1f)ill 'fivata,ualna,lniu 

VDU f111 4fl`71,1V15V1.1111g11D41,1111111011 G011154111411^111i1111.111M1V811iitri'Orlin1111/191ff0114-30 

WDM 5211-11111tAf115Y1OVDIJI1111NillhfiumAf11591D11frefaUlliiifI31111.191119il

flld 

 

G109-I11 2 11911i1011M.1116f111111115G15-NV101.16G11111111HOffD9.19315Z,11-311111111110ff01111=11111c 
v 

iflf.JTUD1 

f115 V1S-AVID11&1511115144ffM.1435t211-511tLIJUTNMIALIIII`Wiir1119vilild 11.11. 1976114  

91V:1°111 IMJC11 Chang & Zhang (2002, p.387-398) 4141friag915f1154111-1t11=fil';b14-161,1`141.1M1161 

1115144DDIJ415nli11111J11Y1flVD11 fillnfla111,4915 r= (k±:n) 	k `111.11Util ft -JUJUY-31181 

1,1111J1/ 9MD1.1 n mum& 	 IflElii931)071t1fl11,11%,Witi '40 4avavhltinvjunini 
y 41.1V3J1,1,5t11" (completely randomized item selection) ibkiiD71flfl111161911N1f1r11-1LIMO0f1A4fil1111.M111 

1.141111 41D3J1 Chen, Ackermann & Spray (2003, p. 129-145) 141f11541111 111,11`3FWVIJD1 Chang & Zhang 

(2002) 110 A'')Elf11S1VfldDtn.nynlninen'hflft=:hi'qioii911111t1t.11;11JLiitnficlJp15f115flT11fpJfllSl' 

4DVID1.19115n17111.11_11171qVID1114VI1YJrlfl r = (k = n)1111-111156i'moJu;rflAwlfIlli'MML11.11.1MIVOIJ 

Tlf1f1A"l'il'OrfOlJ41111ill ti f1=J1711111-A'glnii (psychometric properties) 91D1LLIYMMO1.1 filfiTWM69151 
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f111144DVDIJ9317:11i11LLIJ11Y1Ori81.19lt1 (k = n) W,;(111,1f11LIS allfldisiZ1Lfillf1113.4114)31 	
w 

 

911D1rmairmlunilii1tro54- tniuthJ14 ?ID 1) v11115f11449114-ru-gudrilani5tionlalni51440Du 

9114119i1,1a1VITI.Jf11540r1L1111J111f1D141J1,111.4f1511M'' 2 P1711 lin 2) 6V151f1151114DVOIJ41n1lill 

ILIJUINIVOIN-111,c1911tiLZ:31.1lIfiltilltMllellfili19141fiflUlP1101149110DIAllAJUDIADilimpha;mficual 

filSigrllt1J111191VOIJALIvi 2 1.I1.11`1,1f151-31illEnfill3111156111149111Old irlilfiLLF111111f115iMpl 

111.1111r191VI'VW12EJ LIEU f1 -311M'DflflAjolt-iwuolidamiluni5T05,11-illtlilUviorfatannnii 1 BULL Ali 

vIlt141,1V15V1111111191D1ILIJIMIVIDININ61161 W-3111r1OfflhlfT115211'ill5a:9illfilfl')11n111.11Sfltal 

PP011iD1LIAJW1/1 91VDIN17110'110161.1119JIYINVDIAlfli'MpLIIJIM1VDUTlflfiS'lgliDr1011 

2.1 111,11F1011D114f1f111111191I-HMTIJ6G111f11114;41'0ff01.195111111111,11J1rYlOff011 

Chang & Zhang (2002, p.387-398) fldlTil f1-15111DIJL1111J1J 	kilt (Computerized Adaptive 

Testing: CAT) Lifill'Ilf115•Tql.15n91`1.11/11111154fIlil (assessment in education) fil linilfiT111110111461.1 

11"1511KM1..1 6111,1191111ilj (large scale testing) ctliT1•111141i1}1.41115TNIVI01J5a,'A'llilF11711 k1911lillIf115V01.161.1 

OD 11 4114 -31.4 1J l fl 195 U Graduate Record Examinations ( GRE) , Graduate Management Admission Test 

(GMAT) frISTUR1115V111.1 LLM;n154-willifil51/W11D1J1L1_1111.1TIJLII3J12:;4"aillhlilfl:14DV(01117"11.1flDfliTtl 

iiiiviimilfluni7;mittinnwreamiinnil 1 qthli19151611difriumminGu4rrainTul loenflioDu 

1.1511'l101f11511flV0116Vf011 	14T1.191% ?I'D 11 4"0`7.1 fi-yai El "1 11 si 	ct An_huna111110111Nfl f115 VI u 11.1 1971'LL 

1.1-156uSoietio9iollititiTril5131W1DiCU014Dvrmicinilm,'LiuMikIV1111f161JO1V114l',1111,1919 19TorrDvithr 

tIllichrfOvi-Juili711111411,m1511i'utcitnm,invu5 -iiliniumirrowillpliu (common items) 

fl'illJEllfl,i10111h9_1111fM1141r110f11Vir 43.Alflfli'19YOVOI.11.160f111fli1V19YDV011611.49 VlisIN1111191 

61111V71.1i -J11 (common items) 9l'lfid1A69151f1155-JVIJ111 (item exposure rates) i-31.1 611OffV110191ltilf11 

6-111141111.1flq1W.111'0f1TefliiV169151f1151974ff0141 (item overlap rates) 9:1fl'i14DVC011il'1J61mf- 11un 

911fl Ii ifial0 m,fivD11itfii4luid-i11unvsmAl4OVIDUCIY1114f1151152Al1alt111416414V15ffU1TIff 

iD140V011 (Item Characteristic Curve: ICC) 113illt71 / 1 0 ,1,-aD0f1Alfilln'il).JP1')ThVfl:J15ilialFPD11 (Or) 

rilNdIVNT141641.,Iff1SVIllalffiDlILIJIJY191aDIJ (Test Information Function: TIF) Z14141.1911113J1 (Chang and 

Ying, 1996 as cited in Chang & Zhang, 2002, p.389) T1111.15111qf115ill'cilfld1-)f115f1')113J69151f115i -1111fl 

11D140VrO11 (item exposure control) f1 9:3J1rfli'91NalliiilleTh3J1Lill11J52,414itlfit140191111f1151.15r,13711,1 

CAT 1̀14 ff 11115 t1 1.1Akadfl-)11111n0fl,fiflel1D1f4,94DVf01.111'LLIJIYINVIDIJ Way (1998 as cited in Chang & 

Zhang, 2002, p.387) fllTilf1-15fnlif‘,11161511111T'3111M101'll'aVIDIJ411`till4011(711117RflIllift1Derll 

9f911911 ITID.ninnisfnutp6nini5f-Alimml,hD11111,1f1-37iN1StUllt1607190140VD16'J 1IM;f117 

f11/11,191Dife11514111-9UOlf16140f1DI19101 CAT 1-LOM1fIVILE111114111401VITOLMA14DDllklf149J1,11f1"-J5 

20 % GtDa.11 Chen, Ankenmann and Spray (2003, p.129) Vlilf115915-AVDIJ 
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f1713,1ffiniti,1 all 160519101 40 J1Jj7 (item exposure rates) f115149TO?(011415:1)61111111.11191n11 

(test overlap) f1511-14 f1157191VDIMIJUTT11611111Zt,113 0f1-3111E11-39.1D1111111110VIDIJailfill YV 1171 1) 1115191 

40V01.415211i11111JIJINVIDIJCalfilDqfllirlDfrillILLIJ5111TIVI1D1691519.10491DffOlJi"-Tdflfll LIM' 2) MI 

144DVD1415Vil'ill1111111ffIffD11Ttlifil911rp11106915191016hrf011i%iifiliTilfitIGNXIM1561fl1511qr1011 

LI,M11911VDMS 

711fillnillf115H41/13V101.1011111111ilslill.liMMOIJIIIDEl (Average Between-Test Overlap) 

14S/4111i'llf115110ffbilfT1161ff0116'11.D141J111 

T = 
PEr=i r?  
k(p — 1) 

EP=1. [(r  
k2I

—n) 
2 

+ 2r—
n
k 

 — —
n2 

T= 

p—>co n1_1  r 
	 T 

13  — 1  

v
i
n 

Za=1 	

2 

	

k 2  k2 	(ri  — 
— 	- 	 k2  T = 	

) 71 	
(n)  

k 
tualanmi —

n 	
T--  

Ep_1(ri  — 112 
+ r

_2 
S/2+ f2  

T = 	  
F 	 r 

T 91111061 ni5149ionuj-marillttuummouipno 

r, 111110t11 6915191D14DVD1A7 1Y11611 1  1GlEni m, 11111flell 411111-1f11191014Drfau 

11106M11141111111/W1VD11 p 11111M11 411-171,140n11171i filA01f1151/191V1011111111 

ilT111111.11niViM,'fil.1 

p 11111664 inirkl9iDn11%01fl151/191r1D1111111111i111111J1Z'AIViM,•1111 

k 113J1E161 FIDSW11016915191D14Dr1011i'') 

Sr 111J1llel fl'IlLttli5115114'11016ASTUD19IDVDIJi) 

6915191D1911Dvau`f-Hdo 

fiT11M1MflflDWUOlf1151J5Z'alltUfil T win T 

E (T) = T - 
ni51,NDoucisis:,-willlrinrrimut4t) 
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111f1fPff11911DaD114011115e11111.111MVOIJILIJ9J1ri11LTI3J1t: 4111314 4 U9J1.1 TII.T1.1fla,' 5 	(p) 

winfiAAVIDUilliiiTtn144DM1JYT1111191 lo 91%1,1M-111911111 

iniufi iiarrovtiaii I fivntgannsi114111JUMN101.1 

1 2 5 4 7 8 

2 1 3 4 6 2 

3 7 9 2 5 8 

4 8 7 1 3 2 

Tin9iDklit141141.16rffiliannwrouttuuili'urranz;h1v7-misform-Nuf1151914arfauji5a,will 

1,11111110M1Y,Iflti91014114T111.111111191VDUcrik11115fffil 

41G111 f11111.1101111111.151Uti m1 P mi 
1= 

P 
1 Pi P2 2 5 0.4 

2 Pi P3 4 5 0.8 

3 P1 P4 3 5 0.6 

4 P2 P3 1 5 0.2 

5 P2 P4 3 5 0.6 

6 P3 P4 3 5 0.6 

E 16 30 3.2 

_
T = 

16
... = 
30 0.53 

3.2 
r= 0.53 -

6 
= 

Sr = 0.04268 S 	
2 

T 
r 

0.042+ 0.1024 
	  -0.45 

0.32 

Chang & Zhang VITTIVIllilfY1SMIJTJ6M11115T-1111MIDADO'DIJ 611D1 CAT trnihlSild15'DJ61,1 

Ttl 2Fl 	1) f11”1-311t13,15119IDVD1J g06715111DlliOnlJT1 (item exposure rates) U1 2) f115f1211Q3.1 

”.',6'1J111J1.1Y191n11 fiD6915-m1510avel.1415.1,1d111,111111/WM811 (item overlap rates) ILMAIT91D'A1lf191 

117159101 Chenll,M1tIa-illelhlf115'k15fitlIt11-111FIVOIJ 2 fri4L141111,11141/1119Jh'IrltUf1151NMULL1111 

11i111111.11t'fil1f19:1J0-011111911M140p151115 	 flait n 1J 4n 11 

E[Ya] 
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EiN=i 	15.ij<•••i„.51•1 #(A1 n fuja=lAid) 
E [Ya]= 

N * (Ncc-1) 

A 	4--4 IUD 	Ai  n 	 inaaarraucrinwillrzirraufnai filf11,111 j 

N 111J1f1f15 411,ITI*011Yt1113A 

TIA'flfIl5fallt)116051fIlli'-)1111WU0141orrou 

IIA'llf11511-)11f111691511115T-J illM1D1€11'DVD11 (item exposure control) Lill4f11541-)1JTJ117'15:ai'Ll 

ITOVID11 f1D69151TD161IDVDIJi") (item exposure rates) II,M,'It'1.1111J1JT19.1ffDIJ iiD&151f1111440r1DIJ971 

5t11-511111J11Y191VD11 (item overlap rates) lflUf11517H15f1d-HlflfilNflFils9411.9152:11-1-1169151filt1-)13J 

f119111"TlTD111111971YDVD11415t11715itIJIIMIVD11 (Expected Baseline Test Overlap Rate: E(BTOR)) 611 

69151M5161140 VID1141Uari11111111Y191n1JA (Average Test Overlap Rate: ATOR) 

Lin (2008) 1?114401.rfialitIL'lldf11114?ii E(BTOR).11(10fli5fITUTJ6V15-1111519140?(DIJcill 

1.1101 1f111A'1115411niUTD1filvillil E(BTOR) 1?itil1d5ififl-J13JAW9T-HLY111110 1 

1110111f-Mi04111.111 f115 nTiDlItThillY1611011.11J1JTIWO'DIJ411,1fr313J91519111J1110191 (content validity) 

Vlb9i11€11D1d1 E(BTOR) 	rill4 fMr4D14 flaltPliDVIfINL1101911-11J111.15::1115T1f1V,1915GUD1 Chen, et al. flea r 

= (k 	viTW40411191 ?ID 111f1f115411p11,11J11Y1q0113J1f1f1-51 1 DITIJOI1D1411Y7ichoilou liani6ADrra11 
6111,M4f11115111:311ildfilTD1495i1 E(BTOR) inilfl')111111.11.4E71MIN 41414 Lin (2010) V1111,911Yilf1174f1111 

liilliiillhtlf115Vfilfillilaf11541-11JTJ69151f11514,finuii52,vrilltniummou4-Thf11517h15t1111fi 

E(BTOR) 	ATOR Ii.1141115131d1 E(BTOR) 	ATOR111111NMilli918ildfltafMilliaM11.1113J1FJ 

?ID Illat11111.11Anviilt-lina,414,1tiluni5tilvanillfi-millillflDflA6110,91,61JIMMD11 

minni5 A'-rw -latnilearrouiuticutiJuni5f4915t-u-Ninnisllui-nnu4Davii1497Y-ItiutiA'-]  
ThbfullikrAlfmt-i- u-m flfl 6-1&)1,11JD1411-1 ")1ADVDIJ9IDIALICII 9j11914111JILIJIJMIV(DIJ 2 	(Y) 

611411n144DV(DIJIT,1111149fliqM9p11111111ffIVD111t9111191(m) I9IrJfili,1111141111Aill11191611D1 Y = (0, 1, 

m) tli Y = 0 MU um-nu-Ma ni519ND 	Y = m minim-n.6131 n15149% vauji 

4 11.91t1l1JfilliN15fIllfl1543J4DVD1191f1411121dITOn'DIJIMA11,1f1S'140ffDIR111111-10111f1157fl 

(mj) 9111411-1-31ADVID111fillIAGUD1U9iantIDIllf115T494f18'14DffDIJ 4111114 J 1144D111 (Ci) LIA1-414 
cHA'nn-minntiiiiilkIlfvannivup19'huthrilaniluvwirininjuliavraininyjniihmin15-i'minfial  
40ffD1191'111M11 
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11Th 	C• 'HIM& 411,1T141YDVDIJYTIMMIJEllit4iMitID111f1175111,1fii'lliavDv 411n9J J11,1111 

(j=1, 2, ..., .1) 

Mi 111J1rJt15 imilcu4OVD114ialni519114n-nfopummoriwoltivinidaminilTo 

411W -31,1 J 160111 Orli =m1, m2, 

ADrif11541140r101191flfli'14DrivuDinn-ii 1 1fi57uti1in1511915t11t1l51
5 
alliniv.N 91fl 

x 91fl xj 

(Inn (ci-m;) 

x1111 .-x 
prOb(Xi = x) = 

( m l .) 
11ID 	mi 'IMO& 	 C. 

Xi 11111all 411-131440ffifillitjf11C-33,1fiwn'll'ill6i1JUMMDIJ 2 q111J 611016110911 j 

1 f1 49.15411411t1M1111ThillillfY1111111W,1111111D1 Xj 6YI1fl1J x 11Th x = 0, 1, ..., mj 

91liTuni51J 5taniudlfl'113Jfl -KIVIT1T01411131140V0116fili111114,11141191flUvifl:31-1D1111115Tonl 

11-11111111/1qVD11 2 1°19J E(X j) ff11115f1ILMMTIK1915 

	

mj (mi) (C1-mj) 	2 I x  / mj-x 	
rni 

	

E(Xi) = 	 X = (C) 
	CJ x=0 mi 

n-minuitlifiinTainiolii:vuolim-Ju gtiOVOUlinthilfl,f143J91111/f1111D111fl15'flfl1611,1 

1,11J1.11MDIJ 2 P111.1 E(Y) r113.115t111,V1911419;915 

2 
	 mj  

E(Y) 	 = 2_, c i  
i=1 

ni5iJuaritudikuhtl- ucuoltiln-rainmvti:nal9'-nrranau4aL6'uftgin4D9inlIntuavri 

fll5S-M111411,1111MMOIJ 2 ¶131J E (-Y) (Baseline test overlap rate) V111115t1ItVIMirs1 ,K1915 

2 Y 1 	1 mi  
E- = x E(Y) = 
m m 	 C. j=1 

j 111111101 411-111,11,d0111f111TflYillillfl114flA'14DV1011 i-nnu J 19J0111 (j = 1, 2, ..., 

ni  Yi1J11Jt1 inau40M111,1f164DVOUT1411111f19111.11,11101111115S1 J dam 

(n„ n2, 	nj) 

mi 	4-nnuliarrauiit-,,in4AmlianiqqpItiumiovaiAnsDunqmeivviinivN 

J11,1D111 



A -= [mit - 
i=i a 

— Mit) 
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nilnautpiklin-nlVieffeuillniiilitinimmtruttinnMerrowomm'6Aorroutiht4,4414 

(Controlling Test Overlap-Ordered Item Pooling) 

ti.J1,1 f115f1111t1,3J69151f115100V011415111i111.1.1.11.111q1f101J 1_15n1D114-10 3 41A9101Alli'll 
v 	 v 111-1V101,191 1 fillf1T11Q1J69111f11114510ff01.1911Mtffillfillnill ATOR1.15,t flOW1-30 2 911.JADVIrial 

1.1 fil5411.-M469151f11519SAVOIJillall'illit111JY1OVOI1 2 WITI1M60 (Sla,t) 

1.2 f115f1"Diltp 	AtJtilMhZ1V19.10169171f1151914DVOIJ41 (rimax) 
v 911-19101411 2 f111f111.1 q3JEThIlfilIMOVIDIJelf10-10111117011t111M11111G1f1d111°,-11ill ATOR 

E(BTOR) 

vt-wiatril 3 f11161111-dcltflfnif1111111aM134111.1106G111f11.511gOff01.1f3116141n1-311111J11110V1"011 

c;1510MAIEJ91 

v 9.11-1VID1,111 1 1111f1-31M116V111f1111RIOMDIJ0111011.111114114-1ild ATOR 

1.1 D11611,SlitAlllf11114510ff01.4111111i11111.11.1110ffOIJ 2 WIIIMIEE.1(f/a,t) 

MJ01511 1 	
(t-a-a.)  (Fla  ) 	a+1 	ZILjmit-mi(t-at-amit) 

k."  9) 	 m  (a +t 

fla,, 11111061 6151t11519gDf1011415VV6111.111111WDIAD61 0 f1561f11541.14affouTin 

flA'srkffolirli cw6-1APLGIJDIILUIFV191aDIJPIN t 

11111061 A1411`7191D1111J1J1fflf10141n6ir 

11111061 f1 :11611011 L11111/AVDIJInflWrI,IMMf1511,11'01.11111f1114 -HIAITUDIrliti014 (t-1) 

111D a = 1, na,9 11111061 69111111514AVID11411nlill111.1111(191r1011 2 1.7'1.1 

VI111061 6915ini5191Avrou4'152:vi'il1LLIJUIrlfffV11MAEJ flIfilf1154114avainin 

?16'14an'omilug'Niuitmaltruummaupiiiirim4 (t-1) 

vanutil 4-rw-yuGhvrauGhci iitjfliSDfM111-111111MMOUltIllIM t MI11 

4-rtrnififfolPhil i cli fj111,8Dfla111,111,111.11/1ffiD1.1011fiD14 t (t-1) 

11111861 iT1-131491D1MJUI/19M0111f1111191cliklfilSiM1111Y111191VIDUlIM114f115fil 

n-151191n'auvui 

MM.& 4114T1,140VOUT111111q11.4f1S:19YDV1011 

na,(t-I) 

mit 

11/1DWUDI 	— 	= 1 thjasliOn'0114Dii i tr180f1N1111,11J1111K101NITIJ t 

17103.19.1D1 Mit — 	= 0 tiialiavDwhil lkip,n1Sonflllci,iLtuummoupiru t 



_ 
t  -a-1)  a+1 	ElLi[mit-mi(t-i)]( 	)  

t 
	

m(a t+ 
(not,(-)) t 

(2-2)+(2-1)+(2-2)+(2-1)+(2-1) 
1) 	 kl) \l/ \11  

5( 2 	
= (35-) \1+1.) 

5  (1-3F1) 	 ) 
(413)+(413)+(412)+(414)+(412) 

 
8 ) 

5( 4 15 

(3-2)+(3-2)(3-2)(3-3) 
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GY-366111111611,ntli ii1111115149iDnU411Vil'ill1,1111.11WOULD'61 0 (flat) 

IVIi'149110M01.14D11115iMpULIJWINVOIJYtTillfil 4111TW 5 PITIJ 	5 €1311D 

ii4111)1,14DffOld1911fil 10 	11,V91144911511 

II 1711 ii 5that9191o11 i fivnISonasiluttuuTioffou 

1 3 4 7 6 9 

2 9 5 7 8 10 

3 3 6 9 2 4 

4 9 8 10 4 3 

5 7 4 5 10 9 

1f191151111,M1,111/11111-1 -i19110n119iDit;  1 Ilici flt8DflallITILIJVIOUDITIJ1q1ME140V01.14a1 2 9,f1 

11DIT01111111111MIVOIJWIT1lii 3 4114.11,1 1 flfi ?i1114001.140ill  9 fjf1180fINTIALIAJWINVIDIJIVIPITIJ 

gD4VVIDIJITDC14  9 fj1114,111V14113J91 4111314 5 fill W11115f111M-1,11140 -1511tiOd 

wiliiii 

(m) 

.619a11 valislierrOlJ9111
, 

 1-dir141171J (Mi(t_i), Illit) 

1 2 3 4 5 6 7 8 9 10 

1 0 0 1 1 0 1 1 0 1 0 

2 0 0 1 1 1 1 2 1 2 1 

3 0 1 2 1 1 2 2 1 3 1 

4 0 1 3 1 1 2 2 2 4 2 

5 0 1 3 2 2 2 2 2 5 3 

Tlfl9T-JDfill 41141-dhliilf115411,nt11691511117144DVIDIJ91152.111-51111,11111/1flffD11 2 1.19Jt111e1 

4 	;ID 	1 z  , no  , 

S11,2 

ri,
1

3 

,12,4 , 

2-1-1) (i2--Gtm  

(2) 

W 
( 

7 5 

) 

1+1 u) 
+ 2 

(3-1-1) 

2 

+ 1+1 	
\ 

3 	I 
) 

4

(4-1-1

J  

3  

1+1 
+ 

4  
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(5-1-1)  ( 8 	1+1 ri4)+(572)+(573)+(575)+(5—,3)  = 04) 
/\ 5 J k.15,) 	 5(iL) 	 V25J 

A, 	.; 
1.2 fllIf111.19,3J 	viMmtinfitiAqgpue46011n-11144.1orr01141 (kin.) 

VflallIci 2 
, 

t ) 
a+1  ElLi[mit-mi(t-ie-mjt)  

an- pi 	 < ft max m(a-t+-1) 
-„ 
1Lmax =- 

n 
Slmax 11111a1 divqqtaljolinilliArmucillIrm-iismutmqvrausAu 

'HUM& 411111/4DVID14911119111411,1J1N1FIVID111/191D1f115imm 

mini& '111.1-rw4DVDIYIP1:1111N111,1fIlliDV01.1 

61111G101-111 • 2 tinfrautpikliniilislionalAatinilfitiltInf111111101161411111-ils9 ATOR 

E(BTOR) 

Mlf115c1 3 

, Ein=  [mit 	 t rit-a-1) 	 , a-I-1 
)-R a ) 	'''Acc+1) 	t  ) 	 t  - ,(21Tlaxl =D 

1,11D 

	

	
113.1106',1 fili14197f115MIN,111691511115144Dnuclf:15:11-i111,1111fliqffOULDU (rimax) 

11111061 IMf111.1f,13J69151f11511gOVIDIJ41AElf115i1915f111MAJ11,91f19i145:11-i-14 ATOR 

E(BTOR) 

Tlflffklf115i1 3 	X rihniiii1C1713Jr111J15f11141115f1MJTJf1151493.1DVD9J4151,11-illtLIJIJVIOVOIJ 

xinDflulliTAilaittillditAtivvpual6osit-115191Arrauji Ca.) Iquihl5tu-Ninfii 

D 

tivivrinklimfnupni519garraujitillnio9ials,fuhli7N-15tmintii X 

Tlflii.)061,9111541WHI1411411111f1111111.191til 	max = 0.2 -1',11,f1,11f1D9iDlf115frplITIJUMM011 

Yisrlillfl 5 011 (t) 	 lflt1i4117fnllt)i ll61511115149%fl'DIJ9111f11,1dliu9iLl 	6151f115 
, 

,„ 8 
lliiimu97191D1f1151VIVIILUIPIIMU 4 D1T11 (r2,(t_1)) 	- 	a Lyiiriu 1 f11541141tUtil 

15 
D A's9M1f115 

1+1 
A  = Eril=1 {mit - mi(t-1)] (t-mit) > [(5-15 	-1) (T8 	-7] - 0 2  a 	 _ = 26 = D 

D VTalt11 D 1,601113J1411nalli_11,15109itni6119J114114f115finf)1169171f115141%?109J 
„ 

A s/ 971Mtlf1151,111111115 fiu41141111.1,111YINnInt1111.1011191D1f11561r (m) =
m 
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0/ 	4,1/' 0 , D 

vmmnutrwifn 1J1n1mmtniA815111.Iafri1aJ1u1f169151m15l1f91ar(mns1mn921d119n13'Iovvii m 

6111-1G101-111 3 11116-1111011flilAfindllinf)13.1111.11t1Eicillf11114140ffalli-J3JK145rMilliallJIMMIJ 

Tlf19T1DdllfilSfillnildifillfrle1111.111Y1DIJYT'1111191 (m) 5 19r1.1 I0t1611114916915.1filliAtl 

g 	 , D 	26 tilfp-11.1D16915111151955AVD119I1 (.1,Lmax) OfilfTIJ 0.2 Limami - = 5 v1111511V1111111i11941151111D 

f1111.1111.11 E1&111f1151MVOUil3.161-15:11711.111J113/Wriall 4'4 d 
„, 

1. 11110 n 9.1lfifil fl 	
D 

11f11 -
m 

-n m aniniinnirmalviinu 	
D 
-
m 

2. ql.JP,IM15f1-311f,11J69151f115149YDMPL515r1,61111111.11191fi'DIJ 

2.1 f115iMplI11.11.11,191D11f111di16911-mlliGNOrr0141113:11f14116V151filiDAUVq'flet101 

6nini5191chnuji (0,-„,a„) gddi 2 > 
D 
-
m 

g.; .04 2.2 f115401191111.11.1`01Vrallfi511,13Ja9151f1151914DVD11T1If1110fl51f111Dflnlqfl"U01 

6A7ini519Manuji ca.) gatil 2 < -D 

2.2 111-1"AitTifflifoliTh6villf11114119iDffellil5V11-3111.11rUllOrf011 

Chen and Lei (2010, pp. 205-226) 1,1111150f1111 0 i91munnraqlf1711.1111/4,115tAli1169151 

61TDVDIJT'AIM61169.15-mi5144aVDIA151,11i111,1111.1YNIVID114'mni541flalliD3)fli")3Jfillf11511.f1512;11ND 

1115n1.191D1-1151flillAfflnli" 411-1794 400 4"091-11,1 1/1 f1114rn5flowil'arralilLIJIJ 3 1\11513J1M5 I9101J 

4D6-1111n111,1f)1141fl01403g ga filg-nmfutuntolgiavmAni5lammumnifiii 1J f111~~EIdYllfllJ 

0 ?illilfJ111.114111915211-3 114161.1 1 2) ti1M11.1ff11115M1D14VIDIA11151,11111M111J1A11F1 ridlAEJtvilfil1 0 

fi11:th1411.11,1111V152114 ailfil1 1 3) 4-11,1 -313GPD1J 10,000 f11,1 4) fll5f1-)1J93.1fliSi'-3111Mal4OVID1152.11J 

"Orp 	d1vilviTD1611191011'0IJf7I1lfl 11(11611 0.20 um; fi - eilrp615-mi51176fivauji5nrill 

11111.11W1VDIJMthi Wilt-% 0.10 5) f115f1-31JTJ11154'-)111W11D161TOVDIJ5‘thliill'91 fl0 f11p:1'01€11D16911 
, 

40VfO9l5711111 Llt11f911J 0.30 11M", filtlfp6915111-1511740VD11,1115111-i14011111,1ffiD'ULPAti 11,1161J 0.20 

rhtIrMf115Viall'llalf16161TOVIDIJI951f1fT191f11091f 411-1J11 400 6131'0 1.15:;1101JAd1110111f115TO 6 1110111 rlD 

fnilli)111%,141.1Y111171'95f1f1191 84 40 fitcflui9111111,1 60 991j0 119ffltinl5t,'11flall 54 40 II'llifli1191-10151V1I 54 

110 :i1}1,17117911flillA 84 ch urinfiinturici 64 40 tiPT-3111J5V131411,1111541)1,11 4 f1•3111b 	 1 1,1'313J 

f11T11 01111J11910W61.11iTIJI113J1 2 5. 2.:4'11 41111-1f4P1,1 20 1111 40 611D 95h111.1511 2 ii'1115f1'311tpJ69111f115 

i'-filln6110161YDVDIJ 4111:LIM& 1) 13j37111115f1-31.1pf115i%11.1Malt?1'DffD11 2) f1151"1")11f),W115TT110140Vfall 

5,‘1,'IJI4otifi71 0.30 3) 1115f1T1.1f,i3Jfini)910140rf01.15.,"1J 0.30 ttn'6915-milliA'ar(01.19711D&J5111-511 

ILIJ111,191V01.1 0.20 4) 1115 f1T11f),3.11-115i-391D11110?(DIJ5k1111DEJfiii 0.20 5) fliSfY)1J13.1f115i'TI1D1ITDVD1.1 
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A 
5:',6"110.20 LIO:,"641110151461i0V0119111XIM151111-i111L1.11111qt(01.1 0.10 1,10:,' 6) 015f1'1110,3J1115T1111fl9101 

9.1'Dn'011/1111143J911).111,1nit919.101 Chen 11n:,' zhang9T-Enhil 3 TirmIt-mtvfnistnupfmi-Alia 

411114f111J14 11111111A116'16'11 9d Itn't,'111.19J1i11,16-4u9.% 91-J1b1i5il 4 tiO 411,1T1,101191011115MM811111J11 

tiff 5 t155 N0015001111,111-11 (1)1110117111411d-)140119101015174VDIJI1111nl5111111J1t1r4d1,4 

69151f115144aaDuji5ni-iilmiumn-ouvGyfln5t7Afrinivlitn-fflif-mfnutpA)lvimtimili 

1.10a.'1111111i11,1419i1J9T1,1 (2) "1bfliStint?1.169151015T-31110110140ff09J111_19J0150-311t111015T-1 

9101910f101= 11J 0.20 110 Z,'69.15101519I9IDVDIJilLP&M,11-1111.11111T191V(DIJ 0.10 '0'11.11500")1.111169151 

vili-ntiMiTin1511f15-ffvfniwrnmaii-Amtuullitih44NilleilUtinniuu 

(3) 1310 ih15f1117bf1151011:41115f1-311%14c)1.11105211-1117bb19J1J13.4111411_19% Int'11111.1 

/1111ANiujiAci 9iitiluni5wrilL69151f1154 111109101400111,11111f1150")1.1fpf1154'3110140r101152.,'11 
A 

0.20110:1:69151015149i0V0119711PM1Sall'511111_111MM011 0.10 1111-i1Tif11551051tIff115f1-31J TJT-allia 

ttumilui-aujimumffnutju6915-41154"-AvyalAn-iiiini5iminIni5tynitp.if.AmammIliii.11,1 

6ikuju 

411i11,1t115 fiuqvraipulmillitlifnllillnisiim -m'llni5fnufpJT-Ammtumillia11'1J91,'V111150 

fnufp6osini5f-)111fl1.46t-riiituulthilug-wiau 

Lin (2010, pp. 1-43) YT1015401111115imp1111111Y19M011T1f1f1A'19i0V101.1f11`ijf115M11%16151015 

149i0V01.4152,11i1116111MV01.1t1:111,111111100'i1 1 P1T1J S1t11J5t;m4f11554'u11109-15 -NVD111.112,'fvin1vi 
, 

1101 fil5iMp1111111Y1OVDIJ4-)011.110011150 -11111,11Tflfl'IThillE1111114 (Weighted Deviation Model: WDM) 

iiiininnutp69151f1151440n9J4152.11i11LLIJISINVOIlillilldf115frplillIUMMIlti911411-4 2 P1111 

419 1410'n fl1St1T11fp 011195519i0VIDIJG111 atifrii test overlap rate-ordered item pooling ciltilunisti-nntu 

69isini51114anu4-15nrilluvummauk-dtlfili'qTWUD140VIDIJirtn1519Ii -mriuniolufiA.191/OrlD1.1 

IflOih15Z1.1191011flrffl11,101561f115 Y1 ff1011'ilViilln1,191016610V011ThcirProvit9-iann419M441,14-1111 

lrilllfUlvi1U1116fltllStilllltlall,11115iiMlflf1151440V101.4151-11i11111.11FV1V1?1.011ti911411.1 2 Pli1.19101 

llfl'1t19101 2 ILIJ1.11/W1V011Thl filA11.1015V11111,111111WV011tit141111f1'6140"0"01111,0t1,713J1111fillPth1 

91011/f1 tilflM111,1015ifif11519flV0111f1111.191'111i."119iclinhOrr5a; 'AD 6o5-1TIVUO14-11-1)14EGTD1 

1111111,1flff01.1vi0411,M1f1S191'0fl'01.1 41111.4fIbi.114 0.10 (60+600), 0.15 (90+600), 0.20 (120+600) 11,flt,' 

11,10911f115741 W01111111Y19M011 411114f164 1) 01501t1-10111V(091f1AlfilJf1A'19110VIDIJ (balanced content 

specification) 11M.,'2) 1115i'fl111011111frf00f401 fillf1140V1011 (unbalanced content specification) 97')111.15 

4111) 00 1.15:,'ErviiniveuDlni 5 iMpir111111flr(01147t1111H10015d -alllivnTnfriallii011111,1 00 

1) II1J1.11991 r10113140 t11111,191c1191 51tiillflat cYil-1; 61111A2)111J1111qVOq9114114111flfril 1 PiTuijflillV3J1171 

?1111.1i9111F1 (psychometric properties) 3) 69151f115191610V011,1711a0 UM 4) 0151MM1910161519.101 
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9TDVD1Jf1 (item exposure rate) 'J1971Li11,1f115iir_119Ifli'148VD1.171t11151fItlicolillnli'il;i1,f171t4 

fiT11111)71100f110191DrfalI9111J13MMf11591DIJr114D4DVIDIJit1111 3 11-111171WIDil")&1115LIf1511BILOG-MG 

4111"314 600 91'D 1.15:;f1DIJAEJ 4 1 4 I-11 	1 - 4 ;ID 152, 127, 147 UM,' 174 9109111.1d1611 fil41111 

411114111D. 1El filf1111101f11,4E1 LiMfilf115t911i11h rlD 0.965, 0.127 1,1fla; 0.178 

fil5rftillifftOlflADVID11/1Vp1 fsid 5.,.'AitrinirriLincuDIPPoli e = 1 clltlaiitilwiS'Aanisilivana; 

fil101V1011inifflThrf11,111fM‘4111.111,1flfflle1172.411fiD1411TINM1154fllil VIIViliWIVILL111J1191VD1A-Th 
, 

110IdflStY)1131111-Tflfr)11.11118111.111 (Weighted Deviation Model: WDM) TlflflA:99110VOIRIM15tIfnlIti/J 

69151f1151461i0VIDIAlAtnnlillIMIJINV01.1ti911111,1111{Mil 1 miullivIntivulttalnnatmi 

69151iTIV11D14114TWATD1LLIMMVIDINi04-111-11-fflA"l'finli ttfld ni5imdD9111115S-191D111111.11WIDU 

bItlitINM115ii'VflflilvV11115 fallIENNani5146915ini5144Drraucil'imthmli-iilinnyviqvaunla 

iii111141uni5impinfirn9murgilot:ItimuirkuDifniumuanimnyi-NP0u 

vuntii 3 D1111111.1Illf111IR 

TISAVItl t`tafq (2552, 1111)1 1-6) 	R tillAI11511f1511V?1119,11.ANIOMV1911plfinitrib.1 

h9ll'"11,1M,'14141^r5 	 R ilfallJr113J15f111,1111541Inflitint' 

imaS,nrann6innt-iiniaajalu 

VAIVilf)151,711V4,104DVIOMVIla:f115T1flf)511A1 	 f11111 

ill9
3/ 

V1THT11R Ii.1141f1t01310111OLMAiT14,1111‘110111Thil S 140M1fl1d R 6451f11114111111f11511N1111 

52Y1.1119101I1JSUf153A11,19111 S-PLUS 'ctflii.JuI1J5unnii4onisiinntlarmE;iiliiirnon-rninit9i31 

R IRIJf1151/N11,11Dtil9i0VdDligtiVIIii1 0 R Development Core Teamllnlc10111/ii 

14111http://www.r-project.org. 140 -.111011,1.11 (mirror) 11-411nTlilfrvilll 1.1V,I.T1,111,11J5n1/1 f11110ritiiill.`Wl 

cilealf115LV11D1INYJIIII-MO R 	http://morror.kapook.comcran/ R t1 nirorwiptill iordal 

11111DDf11111h1.111f11 6 Lk141,11D191f13111fldelFa.J144111")143J111106014V116414d111 allii'Llf11519151,114 

11A)7i41J-114-ri1J 

1,10f11flti,1 715911 Dif111.1114af):d (2559, TIM 7) fld17'316'111i1Jf115141114 R 61114 R console 

1114Pil141/11 command line cilliflitif1110101:14141110 111f1401f117141111 R ildfllitliailTJY119119D9i111 

115-illitifimaint-itiernii'unisittiNispi-449i119 	 yra1latin491-HtiJ591119 m3.115t1 

F1919T1 R Studiolfalthl 
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3.1 thainrilopu niu R 

215911 D5i113J11.41t:fp (2559, 1113' 
1 7-8) fld17214D3041,1.1111`111,411,1R 	vector 4111.11149%303714 

1;1El1 FAD1,09T-31;10"1111 011fllf19T7i111411.7iWAIJ object 1J5,;.,1111,11`i41-315'11 object 11111.1 atomic '71014114R 

1411111 character, numeric, integer, complex number,lln' logical (true/false) vector IlfWf1153J0161I'D,11111 
31A.1411 11114 c(1,3,4) 1-,'9i1.11flc(3,4,1)151rf11115t111D1,14030161111IM1915111111 vector 11,1 RI41141f11ti1d c 

11M3113,14-3E1'111AIJI.Y011g191i.J4D3cp (c eiD11191f1 concatenate !fit-11116411114 R11)11111911D3),M3J1910111119j1,1 

vector) 4'030i:40y:1V vector ii/O11111440V1111111?1Entill 19114 11 l,19)%1W111f1113.141YP1D6f11.1541113J41 1911.1 

>x=c(10,5,23,18) IfIldf115'f111-7f1I,A05'171; r1fil 4 fi191111g11.1i1D 10,5,23,18 11.11111111119T-R1115 X151 

VII3J15t1A'llitlfil119iM.:91%1,1-1 vector IM.161161g141J11 19111 x[2] TtAlfillfil-d 5 IllfleljD1f11511DIA1141111 

1111;161.10i'9111114414,1 scan() If:101914141 x=scan011A1-1171111141711911,41111 20 4-JIM1111,1-155f11131WW91 
11,9invi-1111D1155Y1'09iD1111f11,' enter flT1t,'Ilf„pli'116111D11fl 11A510111,1ili191)0V 61111411V vector 1719t14D'il 

x 20 9T-3 

> x=scan( ) 

1: 1 3 2 3 3 3 4 2 1 2 2 1 1 4 3 3 2 1 2 3 

21: 

Read 20 items 

minlimpfilliniilfhpfiaja9i-mJ5a3nlificu Lit1 1.11,19T-Jiw111aniam111 wannthifi141o014 

Y11 1 listl1M,'61614aajaLivonniiiiinilii4D1111514 

> 1 <- 	 'single', 67.8) 

>1[3] 

[[ 1 ]] 

[1] "single" 

c( )111DVf11 vector 1'V list 

F11111.111f115191111,1: 404711115 	c(1,2) 

T11641.4 scan() )1N1f115Tud-ptiav 

I111,11JUt115141114 : iSaihmh <- scan( ) V,ahlf*ThitiliTY111)1561111611 

141 6/9711 edit( ) tilcumulfilviljok 

FdLI9J111115141111 : alS1Ovi'311,1.15<-edit(hill111i5) W.,'1.151q911119i1193109.1n9Y017T-HI,1111,T11 

41V11115illilt1151,111191fill4 

1"716(97'14 plot() )11411115 plot f15114111J1JW1 

V.11111111115191111.1 : plot(x,y) 1011 xlii‘ 14d19111.11TW)l-MTILat y a..1 d19111.1111,1") x 
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1^11fleill lines( ) LIIJI4f115flif41414'03191 

11111111.1f1151911114 lines(x,y) lfl0 x y 	 x 

barplot() )15.1.114f115 plot 1151141,11J1J11511AILLYil 

I1,11,11111f111197111,1: barplot (x,y) '108 x 11ltif1N111,11111114D111tn'a: y 111w119111Jd11f x 

A'lfiiu pie() )111111115 plot f151141.11JIJ pirchart 

ri1111111115191,9111 : pie (x,y) 1910 x INfil91-13.1LIIITWOLILLflt' y IThltilV11kILL1-1-) x 

11169% cbind( ) l'illif115111f10A111:6J1513J171,1 

31.1111.1111115141114 : cbind(tW1T11.15) 

1111414 morm( ) 

p11t9Juni5141114 : morm(R) t51V1111Ulfill11,1fleULIN110111Fillbidluilitll 

141641,1data.entry( ) tiltlf115151111Atill111111Vfflltill-M1511IflOk131f11561111Mil9l014')Lt1.1541,1 

FLIM11.1f1151911111 : data.entry(40iNA15) %11.15111V1151114111d140340(11,13J1193(171111,1flfil 

4ovnt-moDifilaa,' list VltillplimpluuriMen villehrilnfitoonairmiJurilmal9iakin 

mul,14 114 n5tilil,fivilL5ilfluni54-nnaterti;ii19T-Hrd5mmu4"-3 liakpw,',416'filifIR,',T1J1,171151119161/1 

4M,p11Aattl'OthillitY11,1k3l61.1511,9iM,'9-7-31491)03M)M -10i171diff11403,pitl11J matrix 1110 data frame VfLfill 

matrix fivliDigIclfWT-311.1911511401111,1 object 1,11.19Jalf1-)fild ir111 data frame Vi.11,1911511f11430*-11 

W06).111IN G110k,IMill95`41061,114 f1713Jvi1l'UO1 matrix UM' data frame V1LVIVel-M13.19i1,15nl'illnflt910i'  

fT1J list Li1F.11tIlfil matrix 1.111t data frame 

3.2 flVfltIALAGii-de11011111A.1141111414911411-1114 R 

111517hP1,49641-4111 R rifiqmzucii"fla InifillEitlRffF (2552, 11111 10-20) 

1. 11111161fititi4'-n311111vitlitinrihrwoA 11 11h4 A I1 1 a 1.11-d'at-116'filit311114.1f191-11fild 	A 11M: a 

lithil-3111J5ill ilD'5111-1'  A um,' a Lilldi")11,1.15 2 4)1111S1flvillfill 

2. f1-319JEJ1-3409101i'AfplIDT")11115311413i4ififl I.Mt:V111115ili1111,1f119MElpl (.) 

3. 141 f1/611'1-1 4111111J 5 1' fl 1J 4') El 1711A1T11 (expression) 111D filSfilliW1 (assignment) t11111 llYll 

11111i1V.1141i1 	AEJ R W.'1171 fIl5411.ntlILIM','NflAiNi'lhlflfli14 111111TIDIM164141Tii It ti 	ffiA11111.1 

11:1 ff11115fa61111101-11f16'imilflAn . 11,1m56-rvnamil9 
11-AtilANfl6viaill19iNti15-vtiDT9-19CilsitiivrwolINaffiA10114TallithinoymilI1T0119i13J15Dri tlfl  
flhuit.wilonhuilGisluni5filu-gultviTiaoulvAmmaii1114 

iministiimiciia9N1.1.151-fla-M11=111-1 enter 
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i75fIll11111 R 6.10B111EJ 

>2+3 hlf111111f-IMYM6U01 2 lln 3 NflA'rli''n,lillfl.01.11.1111-Yldll R console 1143:1 

[1] 5 r111.115tlatMf1611111111514 

> x <- 2+3 401f115111NMY111611D1 2 11M', 3 UntillIMS'Ilni11,1951-31.11J540 x 

> Nalhiql.J1VIIII19111 R console 

> x 91aln15ti,pmA'vlilliflul-ri11 x lywilly; x Nfl4'16101.151q1J14111I19111 R console 

[1] 5 
_, _. 	. . 

4. 1 f1151.411VM 	1MA-1'011115 	111.4115 YN 	Lid 4D1 414 4-dti 	D111111E1 ";" I lflJ 

> mean (x); var (x) 

5. 1416'414t1DeJL191M41Sqfv1,1V113J15t15-33AW11111I1J5LLf111114,16'9714 141MJVISID3J4W1V74161111t111/114 

M1191n1ff415 =,,.'h1.15D1J4')E1 {} 

tTest <-function (x, mu=0) 

{ 

n <- length (x) 

t <- sqrt (n)* (mean (x) — mu)/sd(x) 

p.val <- pt(abs(t), n-1, lower.tail=F) 

ttest <- c(t, p.val) 

return(ttest) 

1 

6. n 11.115tainfila11101,AfID11167111J141111119111 R console tftiEllitVi1V14144144'30 # 11 s1aVlle~~lJ1tJ41e7J 

1911,1 /111J161fltilitY111th 

7. 11411519311411q14111111 ell 'IliV11.1 15t1A611113(1.1f11811„1111111J55-4 R ttILVAlLADT113J10"+" cta44 

VTTIAlf8111,111jItYlld ">" c111.10 n141/111Ji11416'41-11TISellitfflrf11145fili f1141v5n15oonT4-141-ivifa1J "+" 

14m-12;m% Esc 

8. 11171-114Nzlfll,419J11411.1i11511,1151Jklfill11141 directory 11n1J51,111511 R 141i111411Elflil "working 
o'cu 	Lr 	GI 9i 9., directory" (wd) 111 f111,1V1D Ir 1) td L9M1f115 611 directory getwd( ) 131.1'0'10 E111191 e111 argument 91'14 

working directory IITT,111,1 setwd( "dir") flItlialIT working directory 11114 dir 
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3.3 111111R 

tillin'fl-d111111J16114111 R 

3.3.1 51c1 

RZ•11.'11119..h6f1")11.141111111-1117-13.191D3gilint151VfilliffiE11J5nilYILIM:iiE1f141911D1fliDli101114 

111115-3115U4DViiiilf151vf-minlimmenfir-ii Toul 

3.3.2 1.11I'LDWUNSNiu R 

1) nntoa 

Df1191DAM11.1113J1E1Y111fItialfflr1711 fled 113111talij6111.41flitfla,iiffY1111,Willi R W,11111E1r11.41171114 

6111J Efikl,arittlfil910*NIIJ5119.tlii") L-If1171DV11,1 R 1J 5 1)5,1111111 19111fi V155111', (logical) ilintIAJ 

(integer) 411111A1 (real) i11,171,1167514 D11 (complex) LIMI'VT-)6f1115 (character 115D string) Ill.Jil3DrOJTiffl 

filq55.nninaTili!lufru-rwt 'Aumlarifff,inloit3I11,9-i9YommothllflothlmilA 

tiu pittuD19T-)odil 	 4-nnimminlunnLoof figD111,119191011"MISIDif  

17af111 1.3 Illiquillfluni5vfilnnimilu R 	e( ) 	sqr( ) 

11111i11-111-1 R tilauld 

> x <- c(1, 5, 10, 2, 8, -3, 0, 7) Vi'lliTIL9Thil0 x VIJIMJ1Eiffl 7 i'') iht,TID9.19N1 

>x  1, 5, 10, 2, 8, -3, 0, 7 

[1] 1.0 5.0 	10.2 	8.0 -3.0 0.0 7.0 

> y <- seq (2, 12, by=2) ?if-Mt7f1I.91Di 4D y friiM'itlitig-',LN61441iiiiliTtd 
> y 1133,11TilfTIJ 2 

[1] 2 4 6 8 	10 12 

2) 11JY15f191 

Llnlif191611101511111f11,91Di()JAM41146fThillefifini1191i1F1 (dimension) 

V1AMS- 1,1111 R filaMU 

> y <- seq (2, 12, by=2) vfisinntuf 4'a y 17137.1&11iinrfitatIAJ:VlilifTtd 
> y IAD ailfill 2 

[1] 2 4 6 8 	10 12 

> z <- matrix (y, nrow = 2) rilllnalifIg z111,1191 2 x3 IFIt1191M1-lifl'UO1 y 

>z 

1,11 	[,2] 	1.,3.1 

[1,] 	2 	6 	10 
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yulitlau R filaBinti 

[2,] 4 8 	12 

3) 7101115 

51Ufl15 (list) Lily-Mt-Amscnimiliilauvruvailiav lfloiNjajuo-NvOtipitainntAa 

adincif lag tfu'iivl-mfl5ff11115D1-11.11')11-1'0191149f11061,1114-70614 

ITA71,1134 R filaBuiti 

> xyz.list <-(x=x, y=y, z=z, sex=sex) xyz.listaWS1011&1451EM1511Dt5')11513.1 

x, y, z 41 ii fl ilMIJI.ii9i 1 I 61.1 1 gi El fill 

> xyz.list 8"t111t11:,'Golni5thiofgiivilulitirmiA 

$x GlID xyz.list 

[1] 	1.0 5.0 	10.2 	8.0 -3.0 0.0 7.0 

$y 

[1] 2 	4 	6 	8 	10 	12 

$z 

[,1] 	[,2] 	[,3] 

[1,] 2 	6 	10 

[2,] 4 	8 	12 

$sex 

[1] "male" "female" "female" "male" "female" "male" "female" 

4) ill 

IJD1f1154-1111f11 	R cifil11119111Mq1,11,1ill file NULL 

W4641'014 R filamu 

> null 

Error: Object "null" not found 

> null <-NULL 

> null 

NULL 

>null.15 <-c(null, 15) 

ij error L 11 D 4 	I fill; P71 '5'919 Gil  D null ltd 

V1171.1111,11411114 (work directory) 

null iijitInfaVIDi'illamlfriffILMJ 
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> null.15 

[1]15 

nu11.15 191141-1f1107 	V11.11 615f1111 f.11‘11'-3 

40 15 

  

5) 11Y1f11,91Vi 

114 R irrIntoDi ;ID nrwmiliiilroniintiiwilainiunilimnovt-ranitilig 	lun-n 

4411'1.1wialuitannolifulvtihniwt 

vilnuMiut-n54-nnalhonrinlfluni5iittunthtinnviiit'll 

14111A1111 R f111Sillif.1 

> sex <- c("male", "female", "female", "male", Sex 1111.,InflIMiiiiiiVIJTiffltill1i)611111 

"female", "male", "female" 

> fsex <- factor(sex) Il)th11,117f119105 	sex 	LigliatiAlf1d91a1114NarnficW 

unniiiiIi1144D sex 

> fsex 11E111 fsex diDtlrilli`iffITTN91111q 

[1] male female female male female ii114917YUD11111tilV3J1Gifflicht5fl'UN 	fsex iillil 

[5] male female male 

Levels: female male iii119T-dffilla11111I-il fsex VIP1dLLY1fliVIDilY18J 2 5:,'1.1 

ft 	female Int male 

6) tl5DIIIIDIp 

fl5D1J4OV flD `1191611109g111 R115D11611'WOU'flIitl,ffdle1VMD11101J1Vin01-dil'11910403g ')5‘1W,;1411J 

11111111,i -M1-31114111.46fIllt11.1,1111/1ifli"  flIDIJITD1pr111111011J5nowi-m nfl19105 111D11141111.71Dffirl 

(115 411171111th fin1D11116frlitlit,'GUaltaniin4)nrilfiu Imat7Allmficualnl71Jt1m,11)1,14a 

d-nattrm-Arriud-wiiiifiruallio3),,flufinztani'm 

6-mim 

ill flif1111-4 R filal_110 

> examp.dat <- data.frame (x,fsex) 

> examp.dat 

x 	fsex 

fl5D114D1VGIID examp.dat 'Cif 11T1flnflISID141D x 

Lal', fsex ILM','It11111114 R IMillf141,1 data.frame( ) 
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W411911414 R fillA1.11E1 

1 	1.0 	male 

2 	5.0 	female 

3 	10.2 	female 

4 	8.0 	male 

5 	-3.0 	female 

6 	0.0 	male 

7 	7.0 	female 

il error 611Afill'effilf15-01143p 1f101 	1f1 z 11J14 
> xz.dat <- data.frame(x, sex, fsex,z) o 

ILT13119ffiiiillnUttiflailfill 2 i-111 x, sex !Ant' 
Error in data. frame (x, sex, fsex, z) : arguments 

imply differing number of row: 7, 2 
fsex 8111141flailfili 7 

7) 6f111tla1.151;41 

2919114 R1111117Z:11111Wil6fIlifidn.112;41 (attribute) DE11111'0E1119517-411.11A&31,1tht',f1DIJDO,  

Imth-nnistnauwlintilubliluS11148'imtua-5-mnimAavol-nnlsz.-,nouilla ifitqa 

191911-nerouffi1 atz,thzi-vuolivit-1 AO attribute( ) 

al A ihn 14 R filaulo 

> attributes (examp.dat) examp.dat 1.15,',11D1.1?1)T1 

$names  2, 
-1,TILVIDS TO x LI,flt,' fsex 

[1] "x" 	"fsex" 

$row.names -row, name '40 1, 2, ..., 7 

[1] "1 ,, "2,, "35, c<4,, "5, "6, "7, 

$class - flI1161101 exam.dat il40 115611403p 

[1] "data.frame" 

> examp.dat$x -401f11580f114 x114 examp.dat 

[1] 1.0 5.0 10.2 8.0 -3.0 0.0 7.0 

> examp.dat$fsex -el)D1f11511EM19I fsex 114 examp.dat 

[1] male female female male female male female 

Levels: female male 

> attributes (xyz.list) xyz.list list frouhiivitris'a x, y, z ilW,f.sex 
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itlf1971111,1R filOBIllU 

$names 

[1] "x" "y" "z" "sex" 

d 

wurrolug 	R 

WI A iitt fileknu ii-Jatill 

e( ) vfilnntooif x<- c(15, 25, 8, 6 12) 

1'Jf1191Dif  x til4 FIV11151f111114 15, 25, 8, 6 In°,;:12 

seq( ) VfillifUllDilfinfAIV1117111111,161,11.1 y<-seq(2, 14, 2) 

1.2flIKOf y Clili ffllif119114 2, 4,..., 14 

sum( ) tilInflINMJX19.1D151q11,1 0 sum(x) 

Nfl AililliflUld fill 15+25+8+6+12 VID 66 

sqrt( ) 514VD191D1Irlff3J1ifl'UD1S1011() sqrt(x) 

abs() filAi..11,15ill'UD111111V111`151191B4S411d ( ) abs(x) 

median( ) fi'llTM),111,1cUDITV19114 ( ) median(x) 

range( ) dItiUE191D4S101.4 ( ) range(x) 

mean( ) finntlifillanD1'J7allu ( ) mean(x) 

15+25+8+6+12 
Nn ."11i111131D1,161J 

5 
var( ) giu-Nonnan15115-nnvISitflu 0 var(x) 

sd( ) fillnalfiltr1E111,111,11119151114 61101S19114( ) sd(x) 

log( ) sinilrfaltalipmfriscrualioqlu 0 log(x) 

exp( ) SinilvosrualvginraninTo4Suflu ( ) > exp(x) 

apXIMIt1111Dt',D11411i11411151,114fltiThfllaT14 

iltp,A'filltil 610i1.11U 610ti14 

-
di 

tf1101111.11EAIJ -2 111O 7 — 3 14f^lflAiAlitID 4 

+
el 

1111D1111J1Elinfl +2 AD 7 + 3 111'F•Mii1iii1D 10 

*
21 

If15011-11.118t1t11 7 * 3 111Nfl &i OD 21 

/
di 

lf15011)111101115 9/3 GITTP,M1Nii10 3 

A 
f115Unf11A'4 32 111Na 1111i1D 9 

! 111.V1 > x <-c (2,3, 6, 4) 
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iinja'fatel fi-mBinu v1loti14 

> (x!=3) 

[1] TRUE FALSE TRUE FALSE 

> Linn-11 

< 1,Yout-r-ii 

>= Intin-i-mlaiviitiii 

<= Ilami-nilawlf-Tu 

t(x) XT  63niiniiv1161JA01-PUD1 X 

t(x)%*%X XTX 

3.4 6-411111111A1111,1.11.111c1ffOIJKIT9A19A 2 

Diao & van der Linden (2011) 1,114 ,t3,11115D3JIT1011Df.;111115193I11504151.1 R 	1p_solve 

version 5.5 diD1TIM115i'ql911,11JUTIfffOU 3 Mill ?VD 1) fll5iflrlt6ll1lvima1Jlnnt-r-l1 1 

illfi41,1V-15 V1-1111ff9151fi91f11alfl`?f916f11,1V1,ItYlitU81139.111TIVIVD11911111111111.110 2) f115i'flrti11111(191r1011 

LADfillYIOVIDIILLIJIATIJWIIM,' 11dt 3)1115frip1161.111M1V1011111f1fl'i1 1 91.1.191011 illii1141Alf111411.1f115 

flip111,11111110nIlfj111411-1 2l'iirifliiiTil'alfl'iT1,M15M11T1f1915,9fillfillilfiildffiLIVIT11111111011,1111.11NrIM1 

W1T11111111111U io 

R Code for Assembly of Two Parallel Test Forms 

library(lpSolveAPI) 

S= read.csv("C:/BIB/single  test/Scienee9data.csv,"header=T) 

ID = S$Item 

A = S$a 

B = S$b 

C = S$e 

Content = S$Content 

I = nrow(S) 

F = 2 

J = 3 

N = 55 

Ve = list() 

for(k in 1:6){ 
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Vc[[k]] = c(1:0[Content= =k] 

1 

theta = c(-1.5,0,1.5) 

J = length(theta) 

Info = array(0,c(I,J)) 

for(j in 1:J){ 

P = C+(1-C)/(1+exp(-1.7)*A*(thetaW-B))) 

Q = 1-P 

Info[j] = (1.7^2)*(A.A2)*((P-C)/(1-C))^2*Q/P 

M = I*F+1 

# Create the model 

Iprec=make.lp(0,M) 

# Set control parameters: minimization problem; integer tolerance is set to 0.1; 

# absolute MIP gap is set to 0.1; relative MIP gap is set to 0.05 

1p.control(lprec,sense="min,"epsint = 0.1, mip.gap=c(0.1,0.05)); 

# Constraints (8) and (9) 

set.type(lprec,columns=c(1:(2*I)),type="binary") 

set.type(lprec,columns=M,type="real") 

set.boundsOprec,lower=rep(0,M),upper=rep(1,M)) 

# Constraint (5) 

for (k in 1:I){ 

add.constraint(lprec,rep(1,2),"<=",1,indices=c(k,I+k)) 

# Constraint (6) 

Nc = c(9,9,7,9,9,11) 

# Form 1 

for(k in 1:6){ 

add.constraintaprec,rep(1,1ength(Vc[[k]])),">=",Nc[k],indices=Vc[[k]]) 

# Form 2 
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for(k in 1:6){ 

add.constraint(lprec,rep(1,1ength(Vc[pd])),">=",Nc[k],indices=I+VcffkB) 

# Constraint (7) 

add.constraint(lprec, rep(1,I), "=", N, indices = 1:I) 

add.constraint(lprec, rep(1,I), "=", N, indices = (I+1):(2*I)) 

# Constraints (3) and (4) 

d_theta=c(5.4, 10, 5.4) 

for(k in 1:3){ 

add.constraintOprec,c(Info[,k],-1),"<=",d_theta[k],indices=c(1:I,M)) 

add.constraintOprec,c(InfoLld,-1),"<=",d_theta[k],indices=c((I+1):(2*I),M)) 

add.constraintaprec,c(Info [k], 1), ">=",dtheta[k],indices=c(1 :I,M)) 

add.constraintOprec,c(Info[k],1),">=",d_theta[k],indices=c((I+1):(29),M)) 

1 

# Objective function 

set.objfn(lprec, l ,indices=M) 

# Solve the model 

res_flag = solve(lprec) 

# The integer value containing the status code, for example, 0: "optimal solution found" 

res flag 

# Retrieve the values of the decision variables 

x_opt = get.variables(lprec) 
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9101491 4 Nanilglunt;111EI fieflIdin:1111,6iibill(fitnfiliitiniltrfi4111111910V11111.161.11-111-allflflil 1 fli.TIJ 

marnqu4nilnowil'arrou 

innnisernIniDnvi5ntliu-lityiii7;EniTD1tiuninffilLnnyvwravtilniviainn-ii 
Yitn4f1119101PITEM11 k17it1141.1111Y9WD1111,1 3 91014 4a 91014c11  1 Lanhimr,ITA'finisTalliimntilth 
it 191 iilf111DO1111111Jf115rffillI1J1JTMV011 	 7101111 2 111,17FIOttDt'11A'flf1151115 

V15nO116911 11115 1466V 01.14h5 t116111.L111.11109JUM,111,1ifElillrlf1-3(61 I.MtglOtrii 3 f11519 

11_15111153J R 

1) 1115D0111/11111115rif 11111JIYVIV1VDIJAMY1f)114111541DIADVD11 Birnmaum (1970) Lf..114/Vfla 

4149101,111150011L11111f115-011111111119911'C011 3 ITU VIM-4 tio (1) 111111-W11111141E191D111151411,9J9lYiflrfO9J 
91 

111561771 /1111-110 	1115117N't1Prit111 fl1519Sh1 b19J1J1191VCOUt1;911.41143J1flfIll 1 DITIJ 1f1149% (2) 1115 

119td11111,13J1t16011115Vff 1111111JY1 flrr011114d114,11111,1r11501,1111M113J11,11111191n111117111111111.11E1 UM,' (3) 

f1154Tflr1111111191f(DIR10f1A:14?I'D11 g19fi59fl1Oilfiff115D0f11/11111115c1"51111119JYMVIDINIMILIV7ti'1W101 

Birnmaum ?ID 111 c111151,V14 DIVW:,111fliNn1411151.1'41.71DEill97911114 "7141.111-"Sw1 6110 1 van der Linden 

(2005) 141V 9.40661D111115'0D11111J1J11156f51111111firl9ff011 3 41491014 Flo (i) u.amtuA'fllitli`L'IP`1411:1,UD1 

fl150-0 f1 1,111111115f110.11UTNIV01119;14 fi11^11511191Dif'UD14DVIV11 i11n149711f11111qT1141411,111,11111,KM011 

LLMATV11105til'11611W1611 D1111519gOVD1417111i1111119.17W1f1011 (2) AM1151141111,1MAI6'1111i1g,'9101 

1111111191 VIDIAii11,1111W•1111 111D1111115 -NL=5Z,"6/inuttiin5Lni5Cityul ILM," (3) 9i01141f16'14avo9J 

cdTzl-,t-i007u (3.1) 0151Au1kva1J flVAVD11f1TILIVillIrC111'11B1,111111i11617 (3.2) 05NDllt-l'IlIJA51A13J 

13110111 (3.3) T1411701149I0V011 (3.4) ilf151 a,'Ilfg11111^140 "011t1M,'fiM80fl9i0VD1Aijf), t111111A1 (3.5) 

itf151V41-11kra0M1A1‘11 D1R01115ffD1J61113J1W0111511f1512.11 (3.6) 4.11tiltlfl15;MNIL1111_11,1qVIDIJ 

Rilii'uluni5ii'EnillthrlitJ411111401saormuu015'n'filituumIninnuttv-Amivl van der 

Linden fld-niT0316161D1-4115'00111,111111115e111,1111_11/Wa011 3 41491011 6'0 (1) n'IMildS'IllitlffIWNI1V1101 

1115'0DALV11111115rffil1111111W011 9_15,t101JG1'10 521),fillA1151111VIDfTalqiavpu fillA716414V115M111/FPUDI 

1111UMM811 fillfifq1,1f),illi'1111t1IVH111111.1MIVDIA1D1111111(1flVDINII'116111,11E1 11M,'6111149169151f115 
19Y4DV01.415t91-i11119J11Y1flV1011 (2) Vf110115111-11111191t:IflIAflIA11,111011111111/q?(DIJINV1111,13J1E1V1 

41111.1f19111.1131Milf115151tY1951 MER 2003 11flg',51'1'111110f1551Jfl1511014 ILM,' (3) lArg1-11tT6'140011 

111,1;f10114170 (3.1) 111512'U'Ell-PITOVIDIJ (3.2) 915"nrMIJW5111111:11:',V111 61101/111.11`11191 V15-nV1011f1711191519111J 

11.18111 (3.3) 10ThD1117etiDn11 (3.4) itf171,11iffplillY140 r DIJ11, M.,'t-NI, S01140V1'01Jc131tItlifIVIN (3.5) 

ilt15 ltIlf1-311.M0flaDVUNNflf115 "D1.11-1'111.3J 1 C11115 51?-151:11A11.1111f)114111591DIPITDff81.1 (3.6) 

4111114015v1iliruummoutiGtanu 
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2) fT15611pLIIJIJMIffn V13J151161111514 4 S'filitla AI D 

2.1) 111541PITOVDMIND1413JTOIVIttill11191VDIJ (random sampling of tests) 919, 
 D 0-1fl9191D11VW 

AD fiD149illkW1118D1M111.11J”,;111tUltnitillYINVDUcit-jni'mfaiQufllitladWY111171101114D11115 

fiDufwenn 

2.2) 111541JI, LIJIA191n1JILIMAlit'iPthi (sequential sampling) -31VSIV1114filillifialfffOIJ1140 

14114M5INTOU111111611flarvie diDiqfn1115OUPUNIMJ 

2.3) 111549101,1119J1/ 91ffOIJ14915,161.1fp,Z111i112APItMci;1491 (optimal test assembly) 1,11h1 

11154C1111.1W1910.YD?falJAEYTi combination 11M,'1451f1151Lfillit11111/11f16191filM114-M111511051.1 

filAali (heuristic methods) LADVIAlllial9M011V1915191-allfliA'nrn1,1nWlri171clryl 

2.4) 1115 iM, LIJIYV191ffallifiDf1157N1V101.101J1111iiJIMM 

R1115111115iif1f1i11dli'f115iMplit9JINIqVIDULA01113J1V1i'111.11J9JMIn14111111,11J111f7l 1 

4'3 ElTif115 iMpLLIJIMIVDIJ149151fillt.lt116"1111t11,1,WIAllA31IiV1 (optimal test assembly) V9l1-g115iq 

911J")91113PITOMA 1 flfifl161110 VD1J4-3tYlb combination Ltflf.111'51f11511,fillip -1T1 11 Mid 

11J51,M79J RIA101111411,111111 DIFiltfjf11 6fIllildn1"3114Wti9.11.411M11.11/1 q1:14f1159101140ffDlittin 3 

11151311116'  

3) 6151f1-1514firlD1415nli1111.111.1Y1flVDIJ Chang & Zhang 141Z1,1DV15n15411ntULLM,'d1 

ilq4itiqlliiiinlillf115146fiff011415:,'Ili111,111111/91VDIJ f1111-gumvo5 r = (k = n) LfiD k 

Mi9Jel17 110111111I119M011 n111110691 411,n119Y1JVDIJ11.1f16'191arra9J Iflai9i0onNnialviu 	EfiffDIJ 

401 fl 41.111111143J VI 1.11p fll (completely randomized item selection) 1.19i9I'D 91 fl'n 1111019111H111-‘11"3 _ 

flf1.6OliIJLIIITV11111`11.1 9i8111 Chen, Ackermann & Spray 14111111501111191D47 tJ11151?14101.11.17 

cnilnilvonTd1991itm,11(91Viiflilltitillallanfilizmnismufpni5144DVIBIA15VIIi1111111Y11191V01114 

r= (k 	Vill'ilf156IT91c1115°,;r11491D1f115619pliLIJUIWIDIRlflf16140VIDIAlcaltilliliVIJ117i 

411A9191FI (psychometric properties) 91.01119.J9JTI9IVO9J 911tillnill6q51111519140ff011415111-1ll 

111111T1916fO1Jfflfl (k n) 	 II 	Lin '11?)1,111401, V111DLL141'114111514til 

E(BTOR)Illat115W311fpJ69151fM149i0r1DIJ 415,11,6111,1,1111Y191r101.1111D1T111116'1115411nflI1101d14'9511 

E(BTOR) lki-valtilfrynAwimmwolviiaminivi'fltAuni5vrnriauf,i,tuniwuDliniummDuku 

f17111915N1DLUDY11 (content validity) V11911191D1fil E(BTOR) fID 1.1.114f115Pial4fM100M1M.d0141,11J11 

1.152;f1151119:915TD1 Chen 11.a2.;f1t1,ff 
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iiliTunisi;tmisnitriful4trintioni5ii- wlar6'915-millMV0119115alli110,11111/91VD1191111 

11,141f1WUD4 9JV4 Chen, Ankenmann and Spray (2003, p.129) ill'ilf115f1-111f,13J69111f115iliViallal'il'OVD11 

i171915t1M1f1 2 3717-1 'go 1) fIllfnUfp5:41111IDn11 f1069151611DADMJT-1 (item exposure rate: ri) 

2) 1115MIlf11.151:1'1J1,11111Y1flaD11 4D69151f11514AVID1415:11-111111111M1VD11 (item overlap rate) 

Tinpmni5i'lLfivivfLonvi5iLan-rwiitiilitley39iD.nt,1111414i-ini5rffilinium-mautitu-nain 

fl AVID 	u warn wri ni5 u 	Ullvt! fn 4111161f1T111915 U11111,10 111 flT1111c1U1111f1151J5.11.11t14f11 

t12111V13J15D61altiVfa11 Lia,ltilfllitlitMV‘11:,U011r1111119MDUtiel11411-HAD113MiLnruviqrrecutituvw 

antin-il 1 mil] fryairilutivw-rtnDluinymmmnilcwinurhfirlDlitIJUMVOUi'qNflelutivifyrkini5 

tifl°„'vnuintictiouliiusiNflniwrauotilleAt55uunnirim-nutp9ialtalutl-Clun151J5nniudi 

flyiLv1Li5t111D11-Iflaf1111 



fiulionilik-Thilliszn 	A'finiurrfilti 111J 11fl 	ti 11 U114 	 fll 4111 

f1211llii611.1.Mf1711.191I1V113M1114fl1791DilliOnli AV 1) riliorffilithunsunil 

kiS0 f14DVD119111f16,140 VMULADVi11119J1JY191VD1.1till1111,19/1LijltlifFlIN4111f1-111J6i1E11 (reliability) idfld 

ffl11.19151 (validity) 911111/1f111411119101140f(01.1 2) 140917"Mf011f1-119.1f14011.101ithilf153J1111611ADfl 

4DVD1.141141t1s4fIlltl.V.t3WV11:',11D1f1'311J11.11.1fill1,111.1 (parallelism specification) TD1111.11.11/1qV01191-11J410:111,11 

fl'illiffllilli111D14VD11611011,11J1tVNITOUPIN414Z1 	3)1,11D9151r181.1f1T19J9,flkIVOIII.J5111171J11-15 

tiOLVDfl 4DVIDIJ 4111 f117144DVDIJ9111:ill'illirilIJY1flV101Jti`1111114 (test overlap) 9111.19111.1411011-il 

fl'3111V11.115D11016)VTUGUDILI11111/WaDiPillT114-114 04M14-uillinisiitmlon'filtiA:visPorrouvnwrigN4 

f1159IOUGn-ouitipabvianuriAtall11J1V11111.1J111191nUtill1-111,11J111flil 1 Oil Iqt111511"v1-191D1,1fl153ib 4:91.1 

41M D1411 1 rnsvf1411, M.1911`nrrallflilifilITUD11,111111/9MVI1PITIJ41161 

1.1 fl1SflS1S os-arrallatnivi ILM'fNiNan4DVDIPUD1ILUINIOralillN4-11Z19-yuniqp4 
ts; .rs 

msliorrmiummItou 

1.2 11-15917"Mf011flt1,11111/11D,I4DffDIAP,111.111156111DflIMILLUIJMIVDIJPITIJ411Z19111.111f11-14 

fl15001140VI0IJ 

lild001-111 2 1115-0111f16'14D0119111.1fp1VM171611D1LLIJWYWIVIDIPPIAJD11D191-Mt11541nD11101,1,D 

fll5aDIJAUlthldf1111WINGEN 

2.1 fiT111-1fliqd11.111D1f1A161iDVD119111A1-11fllSii1V111.111,11111191n1101.41161 

2.2 f11541M14DVMSVD1411-MIthilf1511 WINGEN 

2.3 filIVIVAVDIlLift'4ChfliOnlidiAiD111509.1f16'lliarrallitiltlinTIAM1111/1q1411591D1.111%ff011 

9i'lVItMV:600 
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4'1491014114  1 fillffisittnnil-rorroufltunivilioltruirnocromairaiasi 

1.1 mut 11 clITOVIOufltuniri unniolSoniu'oerouvolituummaminiuSuB49113.171t1114 

1111119M01111.1.1119i113ill 

11,1F1JY1fIffD1114171114196111D1f1151itlfilld fiD1111111191V0 1151051S1 MER 2003 fiT11.1 1,1.11D141-1 

iintiliAnynanniuminnlifultru OitAlAitiluni5iitflujuommilrffilun2ATa9vmmtusinnevel 

1.111111191VDIJ516951 MER 2003 4111-1 

1.1.1 V1114911511411-11.MSfIlitIMMAIlt;611D111,111JY1ffIDU (table of specification) IlEll9f1 MER 2003 

LA0141iin-15AU1140V(01.1fillITI.M1STfliLM','1.15nill.lr0 

IfltifM:3JO-N1SifelM01411tYlifl MER 2003 4111214 3 YilltillAiln'f11911111611111ff,lt116'1111i1M' 

9.1041111111/10VMJ ilD1) 5D1filV(91111511 	FI5f11111,11,1 2) cli'Mff1V9151915f1 	hilsa,q-nimt 

3) Flintlftlf111511511" 	ntrsfit-pnrni 4114115 11 3.1 

411111 3.1 fl1561111.191fIlitlinill112M011.1111.11/W1VDIJ (table of specification) 51U-1111 MER 2003 f1-313.01, 

9.0 d 	a 	•=a 

1,11D191111fl0"111=19111,M,'W.11111fMrifitil riAivlilvf115L;U'0149ioruurTntivimi5-1"flitat',115nrntrin 

IThltallfla011 

4 
li 

A 
mom 411111-1 

410ff01.1 

1 fl1541,m -HrinifilMTif11511141110151f171i 9 

2 thal,f1Y1V0111155itlirillirsIfillinV9Ii"  11 

3 f117611111Mha. A1111t1p111= 5'91q1.171'rf1411-1fl15iitl 11151111191 )11 -35111111553J 9 

4 "a1.11S1 -111f117iit111,flt 9i'll1,11711411151i0 25 

5 fl17D'Of1111.11111171it1 11 

6 1f15D41
4
101f11171115'd114DLIDILMfllSn'11111,111119NV1011illilt-mos-nrimmainivi 

a 
It1

A
1041.10 

10 

7 fil5fi9.1917Dd1s9 f11519W1F111,1f1151i0 19 

8 f1111;11t1IIITOLVIIDIf151fllliiillMnlf11111f115iiii 6 

IllJ 100 
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1.1.2 ViillITOV01.11_151-Tt1111JULSDflADIJ 411n1,1 4 ii'llhf19111191171141111,1011itlini1711:1,1105151 

(table of specification) 411d1u 100 40 

1.1.31111.111111,19MDAVf1141.111_1915-arfDllf,l,f11111114114f1-)11191517111.111-11M11 (content validity) 1f1t1 

f1151M-10fiql:lif17951f1) 411,171.1 5 vi-uMoviin-i7fiwi5tuitilfilumootih4110440VIDIJfiiii919thaVAW 

fll7i'91V111.15Z,'AfnlIlfilfl:'..fISZ,1131,1111511141^111'illt11,t1,11 1fluclgoTrift,siltuva.n.171 	rimmt4o-virigl 

v14kun-i5vou n-15-51ou1nint3J14pm ii4-itriivilyi145951f1151,1M,W111411115Y1fl17 
!L i  

f1151501JFITin-nli'01111f115011111 91JU11 5 1.111 11 

1.1.4 111Nflf115 i6115 ill11.IJ 411.17 A115i7,1f1")11JVD flAiN5 	4Dn'DIJ 	-3'91 1J z,'n 	ni5S-1 

(Index of Item-Objective Congruence: IOC) 47 EJ V151101 Hambleton (as cited in Turner & Carlson, 2003, p. 

167) intlicArh9M4f115611.8'0f1IIDVD1.1 	4DVC01111114D 401 	IOC 1.11111171 0.50 

(N — 1) ER.,, Xiik N Ef1=1  Xiik — Ef1=1  Xiik 
Iik 

2(N — 1)n 
IUD 	I k 	'HUM& 	klfils t1111.1r1O0f1hISMillehfilt113J (k) fillS191hZ:M41141115i'q (i) 

(Index of Item-Objective Congruence) 

111110i121 	iltrild9NliU;r1,146111M5S1 (i = 1, 2, ..., 

111116b94 	illn11414frd9J1R1y31111.11&111 (j = 1, 2, ..., 

X Jk 	MUM& 	51,411f1a11111,1T11111151.15tlillalfglit17111t11,61101610filf1111 (k) 

-Tvitpistvlfilurmio (i) 	 ilfilk9119i 1, o, (-1) 

lotrii 1 	111J1E1f1J 	'fifilt1111111-MDMAlfiuiqiin,rrlfiluni5V1Intivq,1 

lulu& 

	

	liDtilt-11141-1VaflflAialtiuSitpinrofiluni5Saient 

(-1) 113.1101 6h4lt-113.19111VDqflhlfilliqtha,-alfnuni51'01115t 

13.1nM1h1 

1.1.5 Y7111154MhflliDVOirklfil IOC 1.11flf171 0.50 i911i111111.111Y1flVDIJ011e1161 11111-115Af.1T114d 

Tilli14DVDIJ51f.11951 MER 2003 ilfi1 IOC 3J11-1fli1 0.50 4114'M 100 ITO fldr1i1Orifil IOC 001'11-ill 0.80 t1J 1.00 

1.1.6 1.1140VD114illif115418Dfli9ifillYilciN1111111,191n11 

1.1.7 1,11119)111,191VD11111INVIDIJfi1111flilf1111f6Y1n11E11451E15151MER 2003 411n11 2,800 fliA 

1.1.8 411111,11-11591VAVD111=61160119t111111^111D14DVD1111=111111111WaD119111.11r1q114f1151,1q1VD11 
c,, 

111_11Jfl41011 `1111i140Valliitilf1-113JEllfl (p) Dd52.11711  0.20-0.80 IMad14-11,M41111111111i5tliltlail 
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11111111Jiiit0 (Biserial Correlation) 6151161 0.20 41111104111'M 64 611'0 ltfl ,t', iifilf11111610,14'10-Thf1171J51,111ill 

ti1ll111.1 KR-20 LY11f19J 0.841 614911511 3.2 

911111 3.2 VI11411111-14DffDlifirf511GUMIM,linliflt11111410,1,1f19111111-.1011111,1f115-5"0 

ii mom o'-rtrawrioffou 

uNiliTru pimmuni 

1 nilkuvrin-inifum7inivvrilirtnfrirmie. 9 5 

2 11InflY111D1f1155i0Tlislilf11.1t11r191f 11 9 

3 f115finnaiJ5:,414119Tnum-TotiLlvAAfilufinifti 11151/MTh 

'155i11f1711.1 

9 5 

4Vf111.1F12111fllI5i0LIMIll.11111fliliftl 25 21 

5 1115DDf111111.11117i9tl 11 7 

6 tfilDli1D1A111'11.15-niGkip=ni5fill11111M/191M11011.1 
el 	4 

11 "1”1719VDIJItIlI11111f1ID41.1D 

10 4 

7 f115414-1Dd11 fl11197r1FIFIllifl175i0 19 10 

8 ni51;6011111OLVI4D1f171f1155itl lin51E1111.1fl1l7itl 6 3 

1.11.1 100 64 

1.2 11150119ff01.19,t1M11111014affaufirlluni1401301111a1/11111110rfaMilifilkil'OlounuM 

i1541ou91Dff011 

Oir1111191'0VDIJilkilif1111911Lalf1114fl -1511ff("01.101111A's1(911.1 4111114 64 191)011111.i711-IflSVISn 

VC011f1,i1111111%014DVD110:MALIJIMM01.191)-10Y1f11141115ADIJ4Dn'011111111 3 111511J141ea5 9111.111"1-M01141i1 

1.2.1 n1I911-raff011iponflliflosnitrualTifiv4n-miaufivrocu 

1) 11-17915-19Cr01.161NL1IJIJW1VIDIJ (unidimensionality) 

ffl1111111,ILDflr.IFvUO1L1111111flff01111J1.1fl1517m5i11-1614D01.111-101.1111/1flr1-01141 T91 

titlIA'1111t11119i111;107 (single dominant factor) 114 finlitHILdfitin; 

VOILL11111,10 r(D114')Ufl1711f151:;)10141.11 flD1WilrhS'ActlDlirtltill.01f11191flfllSitt151:.'110141.15flD1111.111 

11Saf141M1111-11qr(D11 eigen value test cif ,n5C-111,1111fl171A1917t1111fltil eigen YI 1 gi -MlflitltlIS'01.11flq llcaa 

ill eigen 1,11 i3011161,19Z.,';91'iliV11111W1VC01.11flal'11111111-11:011i1F11-10f191flii Gorsuch (as cited 
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in Slocum. 2005, p.33)14LVIUD'ilt1169111i71150,1d1 eigen Y1 1 	eigen ci 2 1.11flfli1 3 tiOilLL11111,1f1VDIJ 

141.111f1'1111.6110f11171 '61-111TUNflf111T191aDIJILM41'1A1511 3.3 umn-rvu 3.1 

PIMA 3.3 fillatfl149.1D4 10 DlthinfIDULL11111011,11J1J1,19M'OIMEJI951MER 2003 f1-1-111fielD41,1171;tniTIJiiiiii 

a46.11.zno1J fillatnu 

Total % of Variance Cumulative % 

1 6.164 9.631 9.631 

2 1.969 3.076 12.708 

3 1.830 2.859 15.567 

4 1.611 2.518 18.084 

5 1.485 2.320 20.404 

6 1.408 2.199 22.603 

7 1.385 2.164 24.768 

8 1.366 2.135 26.903 

9 1.307 2.042 28.945 

10 1.298 2.028 30.973 

Scr•• Plot 

.40  

  

o- 

.1 5 7 9 11 13 15 	9 21 2.3 25 27 29 ;1 33 35 37 39:11 43 175 47 49 51 53 r.r, 57 59 r.1 C3 

Component Number 

MIN 3.1 	 UU9151€11J1 MER 2003 6111Th 64 410 
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'int-1911114 3.3 11=111141 3.1 	 eigen Y1 1 f114ificil11lMJ1fli 	eigen 

A'f111f11,tilli101,19 1111 1'39Ji16911111.,111,11'illtil eigen Yl 1 1191111 eigen C41 2 ailfilJ 3.131 41 69111.611,14,1fldl-S1 

fi19J111fl'il 3 91f14034093111kUltM15l11L111121111.111111flrfDIJ MER 2003 i114-311 64 40 ToltIM'fllialtt9i111,;itn 

(single dominant factor) ,7fIt91119111.1111t1Ilic91 Dl Gorsuch ( as cited in Slocum, 2005, p. 33) `1,14 1V(1,10 "I 111 fl 

6915-111-1611D4fil eigen YI 1 111101 eigen YI 2 3.1111fl'il 3.000 h'ilL1111J1,191VDIJ1-4111f111911111:611i71 

2) 0119i1 raffIt111f11IVIDMI'DaD1.1 (local independence)11111t.li19 410fliV111-1fl159101.19i0M11 

14t1fleiD11.11.AVIS`nlflfill 	f1159101J11'00116tia1,04011iiltlfrIllOr4'q%1,19,TJNMiD11159101140611-11 um' 

Hambleton and Swaminathan (1996. pp.22-23) 

11-1f1-159I0114DVDIAWSllilliii,1 

3) 91519r1Dliti)13JV'071f1h111D1'111DapfTIJILLOfl (model data fit assessment) 

rnsillttil'IlfiTI3J111Intrru11011311,00f11591D1J11'rr0v1A'0197114n151J52,'Intiltil 

fiT11151a191D5'611014DVDMInt11111.11/WV01111,1fll5iitiflild1411A/m11511D1f1151J5nlillfillI15"131MDM1014 

viS'111115f1-313J11.11111114Z4V1 (maximum likelihood) tl l -2 log likelihood `11DADk.1cfl 41,LnlltilVw41.1 

111100 f 1 -2 log likelihood cli,W1f-l9i115:11i14i1J10ffiTinfAUffiiiiINVI'D1.1 x2  1AM.15n9J11'i1f1151Ji9l9lI1 

illtflfliii9J4D1-141atiltlf11111111111Dfl -311.11,11aJ1:;?1111,1V1111fit11191 111'0 df 	 tiDiTITYLI 

11 -151:1191DAlf.11141111'0111.01fliiill4t11141.4 Nflf115915"AVIDutniurvofihvtrol'iloagfivilnq 119121 

f1151J1 ,1JltlifilAtJILItnr1151101.191/Drr01.1111JIJ 2 111519J1.910ii• 91fil -2 log likelihood 041611 171,870.5842 &YU 

i9ltflfl11111.1 3 11171i1111Dffil -2 log likelihood 11111111 171,273,6639 ;illi'llNfl11151,1rit.11J1iltliff11111t1-11.1-12,-MJ 

5. 1.11 -i1,113.110 2 1"11519J1910if  61.1 3 1^11 5131191DfaiD19711,1fl -151.15nntlitillAnTliiMPUDI4Or(DIJUMIA111% 

V115V11111/11111D11,111111N1VIDIJ MER 2003 4114114 64 40 ?ID 	= 171,870.5842- 171,273.6639 LYilfiv 

596.9203 11flni1 x
2 `715,'"I'IJITtl(1fTt11,1(111rfilFICC = 0.01 ( X0.01,64)) 11111191  95.6260 91f1GJcofl15Y1G1Vt01J 

ll'Oltif11:1111VigiflS.41.1 0.01 LfkiD1.11nillifl'319.1tfllaJn'Dflflh411D1INI01311115ifliffil.111.1Mffil5W011 

liDVI0115:11-111 2 1A11519J1,91D4fl'9J 3 1A1151i..11910i'LLVM1114/1111,1'illin9lnfliS9101.111'0V(DIAL111.1 3 1"1151r.11A0f 

ff 0 G1f1A16114"0111,11illhtifIlluintyillathiyaniw01J4tYcf.01.1111.11) 2 W15 -1f11110 1 411,11,1GJIit1411411.11qa 

f11591D14aVID1114.111.1 3 11-171i11,71D1114f1179J52.,1.11tIld111151r.010191019TDMLILIMALUIFINVDIJP.I.Ty414.61 

9i011111M144911111 3.4 
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911111 3.4 f11 -2 log likelihood StilillI11191flf11591V114r1011111J1.1 2 	3 11151i71191D1 

13.11V1DD1100111ff110,140a0u 6 1 -2 log likelihood 2 
XII—III 

2 `11111131.910ii" 171,870.5842 
596.9203 ** 

3 141511191Dì   171,273.6639 

**1:,•91inTrAitity,ii 0.01 

1.2.2 11f151t1-161411111F11G104110A0.101.111DZI/1111110V101.141i111611.61 

NannItnitlffiirmilligoi'TD14ormuunniivilficiSiansnwivigtolumnwrcav MER 2003 

111.614Dffgaijd1411-1M1111111 &W1-111101n ILMt1lf11519114:111-1111t114 4114711 64'110 tiltlillo1ff111611,SDfl 

fillAl1513191"0ffiV011 111] 

1) 1) fillilillillADi'd111M111`Wfl (a)197111214111511,1Jflf1119J1,19J101J01 Baker (2001, p.34) fled 
s' 

0.01 — 0.34 	Sg',4'11t1
2 

 01.-1`1111911 	 0.35 — 0.64 	5.t9T1.19-71 

0.65 — 1.34 	 1.35 — 1.69 	5,',41v1JfiD1,1111142.11fl 

311f1fli] 1.70 	5,1',9i111.11fl 

2) f111117-1i111100T11101f1 (b)111191111117111011191111"OffOlAilfill1151ildqVi'f1711101fltldIniill 

(-3.00) ill 3.00 (Baker, 2001, p.22; De Ayala, 2009, p.101) 

3)1411115/911 (c) f175SJf11911fl i1 0.315 (Baker, 2001, p.28) 

Nflfl15915-nnlJqt-141117111D14DVIDIJ510'1911 MER 2003 4114714 64 liD1^111illifild-1111411111fl (a) 

DdSZIT1';;11 0.206 ill 3.272 tilf11111tilfl (b) 0d51,11-i11 (-2.088) i911 2.843 LIM'filf1151fll (c) 	0.001 

el 0.315 10,040r1OlicilvflrlitY111c1 2 ritilf1-3 -11.101f1LIAurorri91 	 vt 11711  6 ilfiT1110111At1701•011.11 

ill1111Dri'DIfiliSAVIITII;  8 ilI filf1-3111E11f1LIAW11491 4111T11f1161141410.1,1f1 (a) liAtlilifM191.41-7AlifiMilil 4 

ild eliDtTl01611.11941trliflqq'q 14111 01' 	1-3 	5-8 lifim-A0T016-llf- o4-milnlalTitil 

fill `Iv1911511 3.5 UM; 3.6 
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01111 3.5 filimq fi-vcovi 	umfiliiitild11119J1V152TUTD1d111151i1MD4 a, b 	c IMI4DrIDIJ 

MER 2003 411,11fl9111.11110111f111ifl 

ii 
el 

mom linniviia d 

S.D. 

173 

S.D. S.D. 

1 nilfNinfranifufltTinilymilitywrmoil 5 0.478 0.564 0.047 

0.175 1.745 0.061 

2 115,111111101f-1115i0Y111firlfiliffinll 9 0.551 1.041 0.100 

0.237 1.299 0.078 

3 MS 611111919J52,1i11-1114.111111M;51f)115tV1 4 5 0.434 -0.059 0.019 

11.1f11516 f115Y111VITIn5Sillfl511J 0.226 1.198 0.037 

4 VILISrininsiitium,Tnullslunivliti 21 1.005 0.776 0.143 

0.798 0.878 0.126 

5 fl1T00111.11111f1115if.1 7 0.538 0.539 0.073 

0.288 1.397 0.115 

6 IfliD111D1r1J5')115 -31.JIYBVIM2,'015vi'll 4 0.600 0.901 0.128 

11,119JYRIVa1Ji11IJ 1115q7"MiDIJIt11,11111 0.206 1.374 0.149 

Iff4DIN 

7 f1541.19')Dfill f11516hilF111.4f1155i0 6 0.538 0.889 0.069 

0.215 1.234 0.075 

8 ni5L;hivriotvuoifilloiliiti IM:',51t11114 7 0.566 -0.399 0.059 

nisiiu 0.226 1.098 0.099 

I13.1 64 

ri-Miqo 0.206 0.001 

filulqo 3.272 2.843 0.315 

6-Hari 0.687 .595 0.095 

filLfiultuvuivngiu 0.533 1.205 0.107 
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911111 3.6 F11911 91 TD1finuisiiimvi' a, b liflv c 9UDI9JDvD11MER 2003 firill-11115tT9likfliltrWfl 

•
ll if10111 a b c 

filvilp filapp filviivi tiiusqm fiiviNo f11,q1q91 

1 f11541,1111ffl11.1gLial'Tif1151/11 

'11101ft1Vfli' 

0.309 0.929 -2.088 2.270 0.001 0.225 

2 1152,1,111111101f1151i0Y111 

'  ‘If11111-1VAif  

0.220 0.887 -1.840 2.843 0.001 0.223 

3 nntilmn11havnItp111U11 

i9191J5trflfillifl115i0 ni51111JY1714 

-317i1M111.1 

0.234 1.578 -1.705 1.567 0.001 0.266 

4 V1.19A211.-11-115ii01.1flnNIAJI 

lufm-lio 

0.206 3.272 -1.883 2.660 0.001 0.315 

5 fIlIDOMLIJIJMIiit.1 0.231 1.045 -1.218 2.276 0.001 0.183 

6 IfliDIODIAIJ511.15-31J4D3pLIM,' 

fIlIff111111J1IINVTIltilll 

f1159-15'Nvmmtun -rwifilvlilo 

0.333 0.975 -1.159 1.901 0.001 0.298 

7 fl174117i-Mtill f11519IVIFIFITWI115 

ii0 

0.217 1.445 -0.976 2.334 0.001 0.209 

8 11151;601,1406MADIfislnifiit) 

Inr,51tilTun15-lit) 

0.239 1.209 -1.340 2.104 0.001 0.231 

4) il,f1ST,',VifilcalfiihaflIffIlalfrUDILLIJI.17191VIJ 

f115111151niffAii11111DAILIJIJMIVOIJ9119JVItill4f1159101.140V1-09111,1J1J 3 11151:11910 

11.111.111N1M1191D111111"01111JUYID1.1111145109iDlunislJuantudit-niamaristmalqrmy 

lillf11119.1D11111111Nn'DIJIMU1SMITM14191flfITIMphilL111.16111111151.15,1.11ildfrd111M1111trD461011 

1M14495U-J111111i0flil ti - vIlfcif'14VIIIMILYIMM1LLUV011 [Test Information Function: TIF Re)] 

fallIflfl191LflflD11111915Z11.111D1f117115,111f1Ifil [SE(0)] ItLItilLii011.1J1411171511119.101fIlIMILINMAJ11192.: 

vilutalfinkr,antufrinm-unstliitaii9i1 (0) ti111.11-IfiliNld11,1r1f1PT1-161.1frJ11V4O111.3i1,16111D4M11 
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1J5:53.11V.Ifilf1-1111V11.117DA0fillilltiV1011V11.1111ff110411.111171AV011 9isilhtilfilflilrf1111f1I011,11.11.11/1W(DUii 

filvlivirme lohliity-nutmk111,11116-T4 lurmiJ72,1ntufilfrnammilimalcPaullnhl 8 1111q 10t1 

iifl'IllitialqlflADIIIJNIS1119.1D4A1I1J1:;111illti1911ri'llli'11fiAL11.11a:rfrell1ITIJITIStiMADfl4r1D11riatl'3511 

f11f1111Jfin1911f1A011111c617111.49.1D11117thtintlIfilllitfi11 0.50 (Hambleton and Swaminathan, 1991, p.103) 

LIDfl9111T-1* filf1-31111:17101`11D1111VdIniltlifilf1-113.1V19J1St1 (empirical reliability) 1111df11Y19JIUDflt14fni1J 

TilLilaiD91D1111111InittlIfilf1TIIM.11.115D 611D1rIVIDIJ (0) lfltifillntU14TIfl69171Vll,1€11DaIll.1111.11115-)14 

11101fl 2,q11,111M111V-11115tV111.15n1ltlifi1lATUNfl1.11101f1211111115115-31.111D1fin,11111M19.1V11,115ni111511.11tl1 

filleifil1M11.11a151.15T11611D1f1T13.1flfllfliflA011 LiflniltTalflfY311.16101EUD1fl151J52;11101fill110fltilalaD1 

1,1r,f,jilici-Mi'Dt111.-N-31`111-Allfillliillf0fli141J5g,'Fflilif)11161101f1-151.152,1.11illfilfl')13JM1115M10161r1B11 (De 

Ayala, 2009, p.108; Toit, 2003, p.34) Flflf115'11,f111t111^11Jil 111111Y1flT01.1 MER 2003 1JtilY14fili1015W141Y1F1 

11.01111.11JINff011Z4Vp1 Inif191 16.80 tld 9.111.1911:11f1-311M19J1SilkiVOIJ (0) 0.00 litliN11111.11WVC011111.11.11.1i11  

fnimailithlw-milstantuditrythrnimiruoleinilinfl119.1V11J11f111-172.,'4"111.1111flfl11 4111111 3.2 513JY11 

It1.11.JINVDIJIIIT11411:6131filf1-311.1A111Y01flildS:',9J1tlitilfrilliV111170 (empirical reliability) 114161.1 0.880 

urrol'il11111.11NIVDIMITu41161ihiu;FrniniviluninhnntufilmiamiamnTalCivailiimiurriuilillu 

n41.111-11,1flfl111"00D:,' 77.44 

2, 

•IS 

Suit Scat 

f1111 3.2 filWIDISIIVIIIM4111f11101111.11.111a0"011IVIER 2003 
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1114001.61'  2 1115i,1%'11f1KAff0119111.1fItIMNIJG-11.1a1111.11.1INIff011tIlialITNAL1111541D0,14wpfil5ffOlJeilt1 

hill/4153J 'VVINGEN 

van der Linden (2005, p.22-23) ndyri-miln'f lifIS'14OffD119119JY1q10115. 91D114DVID11171"111041111110 

Aoll -unrrfilinyuliflrfvutivw -ruwinnii 1 inruMilluty35314 -mnilroolniinn-iiiilDrvilfiu 

qioviD 1 Lin rviobrIALumwmoutivw-nainn-ii 1 'i_ilicilliifill,14fificLIVIlln1131511011L11111(1flaD119111 

IMI,lifYillIflflifliflt01111.1f1151J7niltlifilf1111M11115tPUDI4VD114AV„M kra 

Elmi-m1141-115V111f16'19TDVD11 

2.1 6111140&li-nrualnalliaffounivrtiamfin-Yolod4gintluirnovromailuglal 

fl1561111194fli")1,111 D1fiA'lliari'MJVI.11111.1V111.1911511111561111AA'fIlitUnPlAllt"UD11111119191V01.1 

(table of specification) V01111J1J1/191?1DUPITIJ611b'li'n16111fIt1.1,Vif111V1111411,1"314'111DVIDIJViL1111MV9J61.1 

f115Vi'llfiAArrouo-uniqu4f11591DIJITDVOU 	fiS'ADrrouluLtoimmfaiiim54-rinuliDvvuatillirOU 

10 iliTUD1411-1-31,Aff'09.1171;11M1 A'1911511 3.7 

C11511 3.7 61ri11-111D1f16161%01M-11.1911511n1141111AA'fillinTf1111:11010.1)11TWIMPilli1J61104 

A 
TI 

el 
ild0911 4-mau4Off01.11101 

111.11.111M101141111.1h'HB4 

iiiumiliOr101.11104 

nas1410ff0119-minlinno441a3g 

1 nisfiumfunilum,:Thif1151/145V101fIlMli" 5 110 

2 ihttilliTolf1151irrYilli'lfilifilV711 9 178 

3 rnstiimmthAlnItyrnumiotitha'roff 

tunislio nismnryt.4375t1M771.1 

5 167 

4 ronApuni5ifounniainJ511,milliti 21 1,053 

5 11150'01111111.1f1155ib 7 199 

6 ifliDli101111J13111 -19J4DapitM,f115V1i111 

LLIJIBMVDIA111.1f115917-Nnilf,ItUf1111 

LfliDlli'D 

4 292 

7 fl1541.14"T0Eill ni5liirriiMufmiiii 6 167 

8 fl111;11UllGhtffliVit151f1177it1 um-, 

7101111f1151iU 

7 323 

TM 64 2,489 
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2.2 1111•61D04410ffOliehtlidlilf153J WINGEN 

11,111115irlfilliifilli111111141flDADVDIJAD1,112.11rfflltli'ADVD1.14101J7Itf113.1 WINGEN 

(Han, 2007) LAD111149h1611DIti1111Ilill91“1.310frali 	fl411M41.111,1f1 (a parameter) tilt-MIMI -Hi 

(b parameter) UM.' filt1151,01 (c parameter) VOfflhltii1li-10111fIlIi'q 8 LVITUD111119FVW1VOI.JPIT11614g1 

1M11191"1-191D11f11541D14DIMIA'Avrractm-aynt-MniwouliOVDIJ G1' 11 

2.2.1 M'IlliD61111191r7111T1.1f11541f101fl19iDaD11140111nAiVrIDIJ1131qtit'XfititlalDIAM'9111.11,11D111 

t115Tv19113.11,1111J1191VD1.111.111111104W1t115611111flfill11113701D1 a, b Uii c IJOIfIlEGVD1.1011,111-10111fllSifl 

Ifltirt91Villifill1151371191Dii  a, b ltflv c 91D1111MY191VIDIJDIN6141 611911511 3.8 

911111 3.8 fil91-royi filVq9111V,Ifil74151i1L91Di a, b Lt11 c GUD1f1 ,991)0VDIJA1A1111fll5i9111D110.11.111flVDIJ 

Pir1J61101 

ii tf-10111 a b c 

min max min Max min max 

1 1115411111fY119J511,M!.511115 

1111511tIlffln 'ql 

0.309 0.929 -2.088 2.270 0.001 0.225 

2 1_15V.1111111"0111175i0W11 

VTIflIbIlVffi 

0.220 0.887 -1.840 2.843 0.001 0.223 

3 fY17111111-1911JU41-11141111 

11,m261t11h=44114n155iu 

f1151111111T14-35Stlifl551.1 

0.234 1.578 -1.705 1.567 0.001 0.266 

4 ff111191I11-1fl151i01Mni') 

uctillunlliiti 

0.206 3.272 -1.883 2.660 0.001 0.415 

5 finD0110.1.11J1115'14"0 0.231 1.045 -1.218 2.276 0.001 0.183 

6 if11-011101111J57115'31J401p 

unfl1Sr1111111111TW1VDIJ 

tillif1159,15-nnillildf1TVI 

1115
d 
 0400 

0.333 0.975 -1.159 1.901 0.001 0.298 

7 f11141J9120611 f115197digi 

011n1570t1 

0.217 1.445 -0.976 2.334 0.001 0.209 
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A d
11 1140111 a b c 

min max min Max min max 

8 fillirb.114gli0LV1110 

If151n15lib 11M:1101114 

rmiiii 

0.239 1.209 -1.340 2.104 0.000 0.231 

2.2.2 4100111101,0f115V01Ji1V.101001.111111J 0 E1M; 1 01114D 61111-101`6101113J1V11106'140rrDIJAR1 

111511053) WINGEN 4111211 2,489 1J3 a ".1114114 -.11.1G:19:0'01.1 3,500 01,11.41115149h1%0101T1151r.1100Mr1011 

fiD 01611-M411114f) (a parameter) 010 11110111 (b parameter) 1101; 01011101 (c parameter) `111  WOO fl 	fill 

1140111015W 8 1140111611011.1111100V0V111.111411'641 

2.3 allol-parraimargoitSairliarratidiainlilwartiaffaifiiiiflainivimmitpirin-lloairlaffau 

2.3.1 915"Art0110111151r1100ì   a, b iui c `11010S140V01J019J1110111 1001001110111151r1100i"  a, b 

11m; c11011111111110V01.M11111Z1 

2.3.2 KOIADADVDIFVf1119J911,1101.11111.11J5511140140V101.11f1f1A'140i1011410011T111110 2,489 91% 

1V 11 Jl 4114'11,1f1191)DVOirill iif11Y11511J191Df a, b, c V000 A'01 61.1111.1111(10 V01JUI71.1411Z1 i.14111T11111V111 

2,089 9TD 41411-2tif1iA0VD1.1i114141(1'1 8 Lvniii-rum4DffeU11111fl'il 10 LYilc11014avau '111916'1 

011911111 3.9 

01111 3.9 fl'1111V1000A15 ,11i110111111r1111a110101c1i0V01.161J/11111110V1011PITIJ41161 

ii main riiimiiima4 /1-1111 

V100/1N01 

iiiitm 

f16441affa1i iiiiugisiZsi fiMovrau 

1 fl154141110-3111 911,=Tifl111/111 
o 

lrlf11111V105'  

a min = 0.309 

max = 0.929 

min = 0.545 

max = 0.929 

/ 60 

b min = -2.088 

max = 2.270 

min = -2.011 

max =2.267 

/ 

c min = 0.001 

max = 0.225 

min = 0.092 

max = 0.225 

1( 

2 1.15:,'IMITOlf1155i011111 

i'lf11.1111VI91 

a min = 0.220 

max = 0.887 

min = 0.426 

max = 0.887 

V 128 
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4 
Y1

A  
mom f11ymi8hoo4 f1111.1 iiium 

nA'srlioffau iniug-IABA nA'Allieff011 VIDonSol 

b min = -1.840 

max = 2.843 

min = -1.625 

max = 2.630 

V 

c min = 0.001 

max = 0.223 

min = 0.099 

max = 0.223 

V 

3 fl15611,111911J5141.111q,11111M,' 

5-19115znawn-nliti f1151111Y1-31-1 

25ni11f1551J 

a min = 0.234 

max = 1.578 

min = 0.358 

max = 1.578 

V 117 

b min = -1.705 

max = 1.567 

min = -1.705 

max = 1.333 

V 

c min = 0.001 

max = 0.266 

min = 0.073 

max =0.266 

V 

4 V9nAVI1f1151if1LLM,'912111J511.1 

fl155i't1 

a min = 0.206 

max = 3.272 

min = 0.232 

max = 1.903 

V 1,003 

b min = -1.883 

max = 2.660 

min = -1.883 

max =2.660 

V 

c min = 0.001 

max = 0.415 

min = 0.095 

max = 0.415 

-V 

5 f1150DfILLIJI.H1155It1 a min = 0.231 

max = 1.045 

min = 0.779 

max = 1.045 

V 149 

b min = -1.218 

max = 2.276 

min = -1.242 

max = 2.201 

V 

c min = 0.001 

max = 0.183 

min = 0.072 

max = 0.183 

V 

6 lf15DADIA111-31.17'31.111'011011M;f117 

VfilL111111119-1V011f111.1 

a min = 0.333 

max = 0.975 

min = 0.239 

max = 0.975 

V 242 

41 
f115911M1Vilt),t1,1flYILf17

A 
 DAIJO b min = -1.159 

max = 1.901 

min = -1.159 

max = 0.232 

V 
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tii 
Z 

1140111 dill-1'51/11004 f1111J ,Snnu 

na'4.110f101.1 419i116111B4 nX441orra11 VIOG1f1Sol 

6 IfliNihtilus-rullanivkinlrOr,f117 
v 

V5-11111J11MMD11t1111 

41 
f115917'HiffD11qt11,111711f17

A 
 D111D 

c min = 0.001 

max = 0.298 

min = 0.232 

max = 0.298 

V 

7 f11541.19T'IDE111 f115191fING114t115 

iiu 

a min = 0.217 

max = 1.445 

min = 0.471 

max = 1.445 

V 117 

b min = -0.976 

max = 2.334 

min = -1.407 

max = 2.334 

V 

c min = 0.001 

max = 0.209 

min = 0.095 

max = 0.209 

1.7 

8 111INErW4DITUDIf154f11159i1 LIM' 

710,111-1fliSift1 

a min = 0.239 

max = 1.209 

min = 1.209 

max = 1.209 

V 273 

8 fl51:1101-14"01.VVIDIf171f1175it11.1M,' 
Ad 

5-mm- nilifti 

b min = -1.340 

max = 2.104 

min = -1.340 

max =2.104 

V 

c min = 0.000 

max = 0.231 

min = 0.163 

max = 0.231 

V 

23.3 VII -AnI.Jf1-Jila_1111."0fliiii6UDIf4,14Dn'DliciFsillif1156'9118'0fl lAillilliOnl1Tit1111fil 2,089 'nil 

fM11.1111111011Nlifltrk1SallTlfltil eigcn ill  1 	 U`:',d1eigen 

5-J1.41"6111&11.15r,Wi14f11 eigen YI 1 fllJfll eigen i 21141f% 16.45 '195,169151&311i',111d -l'Afil9J11111-51 3.00 infl 

li"01g6111114111,1ff91111t1111iltlAsl'AVITLIfir411If115&18D11 411-1-114 2,089 40 '5'q 	v'f-111 	tY) (single 

dominant factor) 6'1V115-11 3.10 LIMISITIAI 3.3 



79 

01111 3.10 	10 D141.15r,f1DIJIlltlIJD1f1A'140'aDIJili c411-1015fi'MADfl 2,089 J11 

0419Jun011 fillatnu 

Total % of Variance Cumulative '3/0 

1 169.953 8.136 8.136 

2 10.328 0.494 8.630 

3 2.594 0.124 8.754 

4 2.581 0.124 8.878 

5 2.571 0.123 9.001 

6 2.568 0.123 9.124 

7 2.556 0.122 9.246 

8 2.551 0.122 9.368 

9 2.546 0.122 9.490 

10 2.537 0.121 9.611 

Scree Plot 

A 	 gS 1 _L _I. 1 1 1 1 .1 
	  2 8 88O8S888g 

Component Number 

rn'vl 3.3 f11la1intlia5n.9410ff01.1411141115KG1130f1 
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iitamtilu 3 fro9J -1'1:171 

1. fl155111719;91fp1191111TD14DO'DIALM11111.1MO'D119111.1Y1q114fl1511qVD1J111J1Jkl1;11.1 

1.1 51,f111tJlifihcifl'ilIJO'Dflf4D111,11i1140V101161.1iilird7r.O.141111111S1 (Index of Item-

Objective Congruence: IOC) k2UVI5TD1 Hambleton (as cited in Turner & Carlson, 2003, p.167) 

1.2 59f171nIfilf1-919JUlf1T014DO'DIJ191fi161d-91111-1f11511D114vrianwiar,40t2f1 

1.3 11f1712,4611119410,11flTD14DVDIJA0filfillill.ralli'LLIJIJII.Jciii0O (Biserial Correlation) 

1.4 If171Zilfili3J1.17,1,'RIlifY113J1.110.1111f1111.1ritifflA11119110-951115TD1 Kuder Richardson 

Formula 20 

2. f115-111151:,'I'ffill1111i1191Di'T014DVD1J1=11J111/NMDIJ7111J11q114fl-1591D114DO'01.1 

2.1 05-19VDIM -111.11'111,11DflilF111.11.41,11;11 0')T01911.111110O'DIJA0111551,fi51Z:4D14117tnoil 

1354-11-] (Exploratory Factor Analysis) 

2.2 1.11nill4 f1 "319.11119J1ZIOIJTD1I1JMOO1511D1JVIIDI4DVID1.41.14.okInviS1111,f1114-901115 

1.179,'/J1illfil -2 likelihood LIO9,11flViDlifIT11.11111J1VIJTD1I9J1,91O4-90 X2  - test 

2.2 itf171::91fiTIA1151iliVIDITD191)Dff01.111M',11,111JVWWIDIN113J11t114111910114DVDIJIMJ 

3 11115- 1O5
) 

3. 0111.15:,1911,1fltlIO'fllit119,1111^119:9D1f1'311AWfT11114 (Test Parallelism) 91flf115ChlSall Mean 

Square Deviation of Test Information Function 1', 111-i1111,1.91J1'19MDIJtiT1.911969.11111111NO.D111111'111161 
el 

fillTD0f1i1111D1.1ilfill 0.05 91D1 Luecht (1998) um Chen , P.-H., Chang, H-H. & Wu, H. (2012) 

4. f11511f1119;91691110151974DffDIJ9111nlii11911.19JVNIVIDIJI40 (Test Overlap rate) 11D1 Chen, 

Ankenmann & Spray (2003) 



MA 4 

wan-111a 

ni5540fiTlililiotrhzv1414nri4orri'lltiumilorroufjtmiu9-infi6"19iorratirilif,itimicH4-ru 
4 

finutvultm -fiTum151milivitilibiloDuliarrau 	 flD al 1) A amllithiLn7lini5 

6.161 0f140VM1Alflfl ,94Ba'alAarfi'lltill11111flV(01.1Y1911I111ifi9Jf1t1.1f11114)11-1f1219Jri1t11 (reliability) 

(validity) 9119Jrnfili6n15oamiavau 2) iiivo5-)aaufn-ait-pA'altrelitlitn5Lniwiotton 

11)001J4-11qt1,41-111i11:',M111 -1,1181f1119J1illItillt-111-1 (parallelism specification) TD1111J1J1Nrtallgl 11.1 

c411111111fnliffliuisnsualrIvaucoluulmqrrauutili61"61 	3) tilam-nrracufr-nlitin9Tavual 

Ithltfl 5 Ilfl 15. 6940f14DD11411-1f11 5 1440Vfalli15,`;',Will1i1J11110ffallti911-11 1-1 (test overlap) 013.1 

411011111'VMM 11.115MlaleiVtDIFUNL111111/1qVfMN1r1J6lb%1 rzilinmilirrvaNfin15-1tfiin-gaija 

91D11Y1 4.1 IthLtf17111115r1111111111111flVD1V(1:111-111-1 11d1.,'Nflfr1741k114Dri011T111flA'19YDVDIJAEI 

Ill5lifl5111,i6r(n11,1,1111Y191MJUti111-111,1NEILIY11411-1f111111:1101 (reliability) 11Zin1111.1?17 1 (validity) 013J 

f115 910119itlVau 

4.2 Han15915-3vaufriaaphlTulith- tin5pn-n- Kotlan.tioaau4intQatSnufunum-n; 

Talf1T11.11.1119::111-1111 (parallelism specification) 11-01111.111101a01J9111.1i11114 111fl")11M111-15t191D16a81J 

91B111111MVMPRIT1141,151 

4 
0011111 4.3 Nff17-1VDI_IfITI9Jt 	0,9 If19191Dlithlif15 3JfIl 711010D1191

9,  
aV0114)11111-15 1 1140VrOLIcifl 

StWilli1111.11/1flrfBLIti'111-1111 (test overlap) 01119-111,11,1111fl'illialL115 t-191D1601JTD111111_11/1grft.)1Miril 

6,1'61 1."151tiab'tb'091 
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G101-111 4.1 1115111151111111.1111JUMM0116T14111 IIM,I4Din1601SanaliovrauDlim6vriaffoueleau 

1115 U f1111 fIlIFTAtSairliaffautilaerNttIJUY1c1 aati 	2411tH 	11140101 

(reliability) um-411111011 (validity) mumili4frnflaiptioaou 

4.1.1 11J5111151.1f115fflILL1111Y1Or10116111-1-11-1 

II151,1f151J1115e1191)flnlifj‘1111110ifilAJ5tQflile lf1r4-1?1:1 Ip_Solve Version 5.5 111Th5LifISIJ 
v v 

RStudio1P8fTqlSDIVITaVrDvunfiA'sviiaa'aLIT1V15 1,911-1 1111 11-1')9Jf15114 lil£PU
y  

DVrflln1N -11-1 

fl l5 f1 	 llfilliNELliumin. puticuuivarinn-il 1 PITIJC1Liltlf1,-MIJUliiitlfrillalt! 

qt-uf1151i112,',LWIAlltAalf1-111a_111f):1111111 (test parallelism) ?1)11.If1")1144.11 Ita`Z.flillf1-3111@"15191 -airriamii 

1,nAtilvfla9151t-TuLicuummauwacti6116nyiniuN •-nivilialifirmrroutiliunafinn-il 1 011/16915 1 

n 17144a fl'01.19115:--1121111,1111110 

d11n112.-,nai9lall1l511nur11If1c11larr91aaou 00 

ill-6i 1 friItiniumlqtri-i-ugh 1.15:-,•n0uei1u 

l.1 ni56-niu9w)turutunmAr1,ualiruuviqvcautisutt - uvraltuS"nutiff.myrinJaltruingqvau 

uth161101 	 if15lvsl31wavriluni5iwun31lmyvigI1au im-ruitumwaaufjculnuyi 

eialn17vr111 fl -d11101TUaltilitlYIVD1.1 

1.2 f1154114 110f111 lfi9f 14V117a1-11.11KIJD1LLIJUT10a81.1ti111111,1011.1f1Valfi'211,M15M-11:1/11V1Ja3 

ttuumniporu6-11.61 tU v'humilfiluvr-un5tiTalcrraufil,971:un-nlium41 

D'111Y1 2 11G1f11 ,911011114Plat-lifilIDL- Nal-I111111111.1 115f,f101.1j1'-iti 

2.1 TofTiv71n15vigauluifltSan,AanuTinfiS'IliarrauLlIa?flili&tuullovraufjvilluirrittvrollu 

11litT1,41'.-)trth1p.iii ➢41isLIU1M1ILIJUIr(51-1114 00 

1 	 i 9,n6iatjivinnidau t 
xit  

{0 ulwiiorrouTt; i Ilicjniflatjltimnivrou t 

2.2 910418''ILIOubni'lfil_ptialpf71i'l 1pSolveAPI 

il1jd1111filictin5 '1-li ctlff'UD11.11111110"a0119113J7110,111:11W311.1n11115(l'UOI4VIDIJ (Test Information 

Function: TIF) Villfilln0101111- eilfrinaton9i-mlazArNnfili7htli"uvinrrunifvuNituummatiou 

9i-uuniwywrnin5trualrziamAalituuvaumiii6 

2.3 rifi-41iiattlni:Ifiiin1541Al'affauiltilliTini5liVanu4'15vf.WillDITIJ 
3.) 

2.4 1.1,0f1Th'snluselevnn1541.4orrourvianisnirtuniummautiqnnultinn-j1 i i1Ur11S119.1 

ifl1W53)-onlayin-15 -N 

2.5 9pwrverl'ulmattTimsumNan-istimAanavraullq-ilituum5-11 
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qlliiIJI1111,1153J111711,gaflITOVDIJI,ViOrill‘ILLIJIIVIflicifllfil.11111.4101151,1J159J R Studio "a11115t11n 41-1 

4111111 4.1 

kit 

1,4444,444•44.4 ,VICCr4 

• V, 	1.0.ar, • 	 Vet., - 

Data 
`44, ft, 	:• 	 t. 

valves 
: 	 , 

G 
r r 5'r 

(-X-4.4 -1. • 5 4.::rte.-: 
rt'a.• 

1 : 	• 
• 

• 1,01 

C—.- 

. 147 

no•-;!, 
A..444' 

,4,17 

47. - 

,. .—'44441.4.  Of 

I 	 1.‘11.e 	• 
"I 

'*. !4. , ::451 	 .. 
!a, it: 	.."'r.€4. 4:4 ?. 4re 

:•t,"1 	a Ft st 	.! 

Fire P.  tarvqe4 trer, 

0 

11111 4.1 II)11,1,f151.11-1151,80114aDuraaallQUilLIVNMalitl:111-111,1eliT.JILISLifl5J,1 R Studio 

f15111 fl510M;(6EN1 

f11511'11114011Dali114111 111:.-mou4-3u 

1.1 fmtiiinaf)tu6'nlitunmii:',talituuirion'autivuluoilmtunlitul,qwwittaliniuliqvau 

IfislfilidamilutemicpuolLiumigirou qiuluttumin'autiTtcrtA 

f11111£11-)1101L1111_11ThViaU 

1.1.1 If15,M51ltalninv11n15-9o,ualttuuvioaa1)m11JA'1161 01) 8 tilai4in-15-1 

91nmi1ln11.11:101141f115i'0 ;ID 5, 9, 5, 21, 7, 4, 10 1,1.W.1", 3 ITO 0111614"1J 

1.1.2 4-m-mttuirnorrautit 	 01)1 64 5 ITU 

1.1.3 frillJ£11-3110111,1J1.111fta61.1 fla 64 Rio 

1.2 111561141.1q1d1111(1'411V115r1111.11i1101sUallILI11V1ftrralifil11-111.01Th11,1J1J11WerDIJD.1.711J41161 to 

C4. 1L1111,11trfara11.111t111ellrlatliPUOlittlirliMi11111P111.1411,16,1 LL,111171.11,4 3 t15til 



84 

1) f111llf1i1-1?(15n,ItY1141101111.111Y1Aa01191711411`61 2 11104111 

RTIFe i =0.0 0 	Wilt-ill 16.80 

1.2) RTIF02 =1.50 	114 -Itill 10.00 

2) fi-11416"97"11V-15V1-1111f111011.1111J1WV(01.1P1J-114116̀1 3 9i1W111.il 

2.1) RTIF01 .- Lso IA11f111 10.50 

2.2) RTIF 02 =0.0 0 
	 16.80 

2.3) RTIFe., =1.S0 	1141611 10.00 

3) f111islfq1.1151-111/111110114111111A0'01.1P111.14-11`61 4 

3.1) RTIFe i ,-1.5 0 1.11-1.1 10.50 

3.2) RTIF0,_o.00 	tvilfiv 16.08 

3.3) RTIFe, -=1.so 	tVlifiv 10.00 

3.4) RT1F 04 -=2.5 0 	tYilfiv 5.00 

a , ., 
"ffilal 2 Inniaunttat,t1

A 
 O141

1g 
 1.1111f111 

2.1 4104-ii(linsoNRuluNiSanliaa'auTinfiA'lliarrauL4vfillMILIUMWMalltind1111-SILIZE1111 

f11.4ilff,v'lll1J541J1-11/1f1151,1MN11.11111Y151111.1fio 

1 
= 1 Li,in4arroui'l i triflatjluttuumi t xit  

0 1.1104001111 1 1141061DEjluituurrau t 

2.2 rlfili11101111.1tilf1-11T01110411 1pSolveAPI iThi'llf-Mf1qt6'0114b0"01191flf1"Xlqi0V101J11A 

1/1111154-11-1 -)tUd11116(971-1V(15aIllirlflilD140011 (Item Information Function: IIF)141inirttfilintia 

-11.11101d1 IIF iifjflf1-911,011ttllarG15fi5t11i5fiitIV(15V11-111101.10111,1111V1q01J (Test Infonnation 

Function: TIF) 	TIF ‘ual k VTiiiill-ilfrniM1L15flTD1G1aU (0k) dip k= I,...,K 

Afaumiqvaufjvw- uictUfiiiilfichirnsurnolioltrflummouoiwiltnnilfimaiansfvtm10:VIDU 

(Test Information Function: TIF) 

1101LLI.111`11flaDIJV1111k11,1141-ilf1111JMIJ150'11014VIDIJs11011.11J1J11flrf01J111_16'1101 (Referenced Test 

Information Function: RTIF) 

# Set control parameters: minimization problem; integer tolerance is set to 0.1; 

'14, absolute MIP gap is set to 0.1 -, relative MIP gap is set to 0.05 

1p.control(lprec,sense= "min",epsint = 0.1, mip.gap=c(0.1,0.05)); 

2.3 9fGifiVIt4a11111115f111111541.14DVIDI11'h1i149111151440"a011415tWil4WI1II 

for (k in 1:1)1 
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add.constraintOprec,rep(1,2), "<=" ,1,indices=c(k,I+k)) 
, y 

2.4 Itql fllaAll'1191Dintfinff:1,14r(D111.110V114L 1111,111111f1VOI_Ifj9J141111J1f1fl'il 1 Ulli19111.11f151V(711 

Nc = c(5,9,5,21,7,4,10,3) 

# Form 1 

for(k in 1:8)1 

add.constraintOprec,rep(1,1ength(VcRkth),">=",Nc[k],indices=Vc[[k]]) 

# Form 2 to 30 (value 1) 

for (fin 1 :Fnew-1) 

for(k in 1:8)1 

add.constraint(lprec,rep(1,1ength(Vc[[k]])),">=",Nc[k],indices=a*-04-Vc[[k]]) 

add.constraint(lprec, rep° ,I), "=", N, indices = 1:I) 

# Form 2 to 30 (0) 

for(f in 1 :Fnew-1) { 

add.constraint(lprec, rep(1,I), "=", N, indices = ((I*0+1):((f+1)*I)) 

1 

dtheta=c(1 8.5718, 5.782) 

for(k in 1:2) 

{ 

add.constraintOprec,c(InfoLk1,-1),"<=",d_theta[k],indices=c(1:I,M)) 

add.constraint(lprec,c(Info[k],- I ),"<=",d_theta[k],indices=c((I+ 1 ):(2*I),M)) 

add.constraint(Ipree,e(InfoLid,1),">=",d_theta[Idindices=c(I :I,M)) 

add.constraint(Iprec,c(Info[,k],1),">=",d_theta[k],indices=c((I+ I ):(2*I),M)) 

for(f in 2:Fnew-I ) 

for(k in 1:2) 

I 
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#add.constraintaprec,c(InfoLld,(f-1)),"<=",d_theta[k],indices=ca(I*(f-1))+1):(I*0,M)) 

add.constraintaprec,c(Info[,c],(f-1)),"<=",d_theta[k],indices=c((a*0+1):(((f+1)*I)),M)) 

#add.constraintOprec,c(InfoLldf),">=",d_theta[k],indices=c(((I*(f-1))+1):(I*f),M)) 

add.constraintOprec,c(Info[,k],f),">=",d_theta[k],indices=c((a*0+1):(((f+1)*I)),M)) 

# Objective function 

set.objfn(lprec,1 ,indices=M) 

# Solve the model 

res_flag = solve(lprec) 

# The integer value containing the status code, for example, 0: "optimal solution found" 

res_flag 

# Retrieve the values of the decision variables 

x_opt = get.variables(lprec) 

2.5 vnivattomMni5urffilemnisfifiLkn4avoulup_Ittuuoilil 

write.csv(x_opt,file="c://2560_suwimon/Folder  2T3F/N2089_opt_2T3F.csv") 

#theta <- seq(-4.00, 4.00, by=0.25) 

write.csv(Info,file="c://2560_suwimon/Folder2T3F/N2089_opt_2T3F_ATA.csv") 

# Sum V1 V2 V3 3.175, 5.864, 18,837 

x_opt_New = array(0,c(I,Fnew)) 

i_opt --- 0 

for(j in 1:Fnew){ 

for(i in 1:01 

i_opt <- i_opt+1 

x_opt_New[i,j] = x_opt[i_opt] 

} 

write.csv(x_opt_New,file="c://2560_suwimon/Folder2T3F/N2089_opt2T3F_Select.csv") 

#TIF.theta <- seq(1, 33, by=1) 

TIF.theta = array(0,c(1,J)) 

for(i in 1:J) { 
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TIF.theta[,i] = sum(Info[A, na.rni = FALSE) 

plot(TIF.thetaL1:1,1ty=2,1wd=2,col="red") 

TIF.thetal = array(0,c(F,J)) 

for(f in 1 :Fnew) 

Info_Theta = array(0,c(I,J)) 

for(i in 1:I) 

if(x_opt_New[i,f1=--1) 

Info_Thetari,11 = Infob,11 

Info_Theta[i,2] = Info[i,2] 

#Info_Theta[i,3]= Info[i,3] 

#Info_Theta[i,4]= Info[i,4] 

} 

} 

for(j in 1:J){ 

TIF.thetal [f,j] = sum(Info_Theta[j], na.rm = FALSE) 

} 

write.csv(TIF.thetal,file="c://2560suwimon/Folder2T3F/N2089_opt_2T3F_Theta.csv") 

3 waa1ii'110166-1001-11illE1r,.481-111J114;11.1 

ihniauciio 

3.1 fiDhi'filltTALSOnEtiarmuilinfil4arrauiviDvi'lltiJutanniArrautivolannn-ii 1111111 

IA0Clif11itZfq4 	0 VantitiliiitiliarmullicinfifliSanwinfla-Iliarfauvraniatilviilfili 

1,14161J 1 141J1d191INGV01.1:elf‘lilKfILS01191f1f16'440V81.19113J1.10141,9.41411 IL11*11/11114 4.2 



aid 

'• 	•••• 

-1*  0 

3 

6 
3 

9 

13 
13 
13 
14 
1/ 
16 
17 
Le 

72 

4,44i at 

11111 4.2 Na6riiit- nirOofIliDDIRlflf1619I'DVI0111.11DVII111,'LlIALLIJI111fldDlitiVIAllalflfril 1 WITT.] 

3.2 r-Idlti191D11,1111J11flVOliti'UllltlitilfilliTlfiiIIMSV114111f19JOIL11.11JMYOJIM19A'10,111iA 

f1-311.1a11115trUO14V1011 (Test Information Function: TIF) n 	 -111 

fililt1111,M1501-1111f1101LitIUMIVIOU9111J91110"11.-11f1")11M11.115M1014a01.1910111111J110VCOUPIT1141161 

(Referenced Test Information Function: RTIF) LLV(91•NT1.11111 4.3 

CC 	• 

0,  33 
11 

0,111212 9361764 
2 0.064409 9.932479 

0.94&42 +3.61181 
4 0.00015 0.0037 

C::;24 0.0:0344 
6 4.92'425 030116:1 
7 0197451 9.111249 
3 0 706964 9.292421 
9 0,016112 3 1130146 

10 0 013917 6.0376/ 
11 OWN: 0.161079 
17 0.997.119 0.313/6 
13 1061097 7103246 
:4 0/03436 93.19.6 
13 3.114642 013X3? 
It 211100 3.10664: 

(37:291: 0 e$7564 
6!73113 0001415 

ti 0.1,Xe 017137: 
0066491 007761; 

31 3.  11331 	093463 
444016 333122; 

23 0.1332,96 330/11 
.4 00,60,x 

tt.G*1 	1T.e. 

f1111 4.3 Fidaili'tOlfillilfi'illrfl5=111:11Dlitt1111Wil011011.Jcill.1111.ilf1713J13J-150`11•0140'81J 

88 

- ft 
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4.1.2 F40111IfiClISaniiaffamoinn'Maerauehulthitt-iluriiipailttuirrioffacutivw-ruiiii 

fltunTrai-rufrimuiritia (reliability) um-,f13134011 (validity) n19JYitit44nilowy91affou 

Ithitn5Ln15n1iltnnimmoutiTu- uiunis5itifIlli:C14htiluni5znIumnioeraui/319tuinvi 

"il`l-lf1"/19Jliitillla`.',t1113JV1519111.11/1fIllh' f111V1a1111)D'aall 4'181115 61141101,1D111.9.11T1tiell 2 l5D11191 

?la (1) 4114'71111.111J1/1 c1Vf011iiklfl -15Vflilewi-liw; 1 inru fl3 5 Ptill unz (2) dirilfi'illr115Vr1111f1ID1 

LLIJ111WVOI_Mtralll 111Je151t91 2 , 3 'AWL' 4 411114111f1TILIVIIIMi1 G1a1111029U9J71d1m1170c11fli5 

4At:dan,Anininfilstiovau 

1) rannKollatviiarrauei-mitliiinutAaasi'lltrumwerouiiiifiin-inniinuruniquhl 

tilloougliaaau 

gilliliNanilfNISDn4Dn.uukmIthun5LritiarrilltJuumimmauciiifilfrimrilo.nimmiv4 
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ikIJUIThr(01.101J611161 itM114"191-15 -14 4.2 ilfltf1111 4.5 -4.6 

01511 4.2 illtIlfillIla15MILTIff 6W011,11111110VIDIRLafilil'IlliflMqlf1A11143J105111-1'1101Alithnflillfil 
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2) wani5iintSonGffaueilold5ItnnitAavANuunvinaouiiiifiin-yu,in5lnialyiflE4 

t-moalytlaffou 

rhuwan1StifliflatiliaVD1J1f1f1A'lliaVrD114101151L1153ADVi'l5ti9JIYVIOVI'D11t11111111111919ili511111 

'1'11„tfl -II9J915,90111a1D14 -1 (content validity) li.11-1f115.1lM118A0a'01JINflf1W0f1111-1Tql.110141tiat1915N11J 
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A 
P1151,1 4.3 IfIllrif1191011,1101,11fllliWUDIll111.1111flVf011UlliJd11541,lflnlIJIJM1ffDIJ 5 ir111119JDfillitlfl 

tlaulvdivilfilitm1Sa'1,11,M191011.11JUINVOU'UNLLIJITINVI'DiMiruMal 	411.1,11111 

f1-311.1fflIJ17M1010:01.1 2,3 	4 Pill111111 

niainnii5o -111-3144;effetitt-lltviazilioviini15011D1111111110frallalTh 

61,1BA 1 2 3 4 5 

1 5 5 5 5 5 5 

2 9 9 9 9 9 9 

3 5 5 5 5 5 5 

4 21 21 21 21 21 21 

5 7 7 7 7 7 7 

6 4 4 4 4 4 4 

7 10 10 10 10 10 10 

8 3 3 3 3 3 3 

flown 4.2 enni5n5-neraufrinifineialTa.11115immiii5KolGarriloaatieiluflatanuainmIr.,—uaA 

f1-11111i11-16111411-1 (parallelism specification) imsululfilOffaiffillA111111-11f1"113.1U13.111fl'UN 

ejaatrualtiuummauiluGia4 

V111PMf117iitl9lalli71 4.1 (4flf1155Lf1VIt',114111filf111111.`7101911111/1i114111SODIJGaiiiiihi5an 

winfiliurraofiAlTalfililfq1M15MILTIfIlD1LIIMINV(DllifiliAlainlihun5uni5fioiSun4vriou 

fiumnrnorraumrudialdwiJuniATmminfill416'i'llff15M-1111ffst18111111_1101aDU 

171713.10-11115i14VrOlifii8141lLlitill'ilfrit1411-41 lL9i McDonald (2009, p. 347-348) 111Tilf:ItafIllilff.LUI411:', 

1101flrilalltj'111-111.1 (test parallelism) f115k -15f11W1flif111"16/6i5-10-15MILY1f1910 ,1111J1111fla011 (Test 

Information Function: TIF) 141 fi 114,1 tql,i tu 	tli t,"U 1 ki 111111 	D1J (Test Characteristic Function: 
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41lL111-14 AO (-1.50), 0.00, 1.50 	2.50 G-111Jj"Willitanflfliclf1151htlill-Ilil-16111JW:',01111°,111alffl1111`fIll 

tjtum 	iN-IstIninfiliputinti-16.1mNfiitiiultuusuaffiliht-iii_irrisn'imifftalmiummati (mean 
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Square Deviation of Test Information Function: MSD of TIF) Y19Je11 TO 	0.05 (Luecht. 1998; Chen , 

P.-H., Chang, H-H. & Wu, H. 2012) 
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1J1J611'6.1 

11111J110ff011 

.aiiii I 

111J1111c0014 

011 2 

11111JY1c1fra1.1 

ffl1113 

1111111,101011 

011 4 

TItgt(0i) Tiobs(0i) 

0.00 16.80 16.85 16.80 17.00 17)03 

1.50 10.00 9.8 10.00 10.30 7.50 

MSD of TIF - 0.02 0.00 0.06 3.37 

qivaliun 

f1113.11.1114 

fj1114114 

- 1.1'  V tlaill1171 

fnunilu 

V1111114 

ilgtimini-ii 

fl'illAll 

e19111111 

1,1iNturruuli 

f1-111A11 

V:1111114 

13,iiiq0Inru7 

MTh& 

d'111111.1 
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2 f11Vilfiillrf1Sallalfill85111.1111'11IJ tid 410,14111fIT111V(11.115011014g01) 3 411.0-11,i1 

fly (-1.50), o.00 	1.50 

1,11011.15unnmi7fNiSt)t-i4DVMULitiDfialILLIllrffrn01.1611111914111711.11.111110VM`Avialnl 

V5111/1-1113Jfl 1111flU 5 all) LIM,IiT111„1911,1D11111sUDIfiTalf-iiun15V111110sUOILLIJIFIUMOLM11.111i)611'61 

iilltliti4f111JJV -13J1Stri101eirro311 3 91111111.!1 f1) (-1.50), 0.00 	1.50 61491flcslafil5fiA0f1 

V1fl2fe~11t1Nflc1S15t1~1itt1Jll116icfle~1JV19Jf11f1719Jt19FJl~fl~iflfJlfliJt~lJll~lle~4 111171 J1111J1J11011 2 

lillf111191)111f1T1111,ii 1 	 11411 

G11f11511 4.5 

9115 11 4.5 fillATIfiqf14V11501.1111fft011L1111Y101JWITIJ6-116̀1tMtLLIJIJM1V(DilfjT11111 2 11'1J tll 

f1711111115f1 3 410,14Ti4 IMtfilffl'Atit1116161Vialti-1111011,1111Valt-ililficililVi5Villtuff'1101 

LL111J1191n11 

ciltrill-ilf1-1111M1115trualejffau 
ti1111110 d01.MITLIA'116•1 Ituunnaou 

TL 	ti 1 

Milfrina-altQl111 

2 

Titgt(ei) Tiobs(ei) 

-1.50 10.50 6.00 6.00 

0.00 16.80 16.85 16.80 

1.50 10.00 12.80 13.20 

MSD of TIF - 9.36 10.16 

f1 111;9 

07m1i.h4tivvrm 

- 11.131ZUVail_171 

fl7l1.1L1J14f19U11111 

Iliiif)filrili1J71 

f1119Allti%11111 

n5til11 3 tilliTlf-i9TILVfl5rillalfiliD111111.11,11n1JUIT11611'61 tli ilL11.111f1 	091010:V(011 4 

giL)111.,i1 go (-1.50), 0.00, 1.50 1.1,flt 2.50 

A 
1110 tu51.11151.1f1154tS0114Drialli110111rTJ111111111/10•081J6-114140 11111.10,111_11/WiDIJiik01 f115 

M111911-DA 1111014 5 Wail itaflivillfloault%ald-nIsIt9s-i.mi5vfunffitaliartynorffniginiiita-1161 

tll vhavnilfl713.Irf11115t1`U04CI0011 4 i111111-il flfl (-1.50), 0.00, 1.50 ikat' 2.50 001minclan156q1I0n 

`ijali1J11q -efOU 1 D.111.1'111J 

Qi1J1111^1111f1-)12,11TIEll 11.41,111JLFID 

11,1J1111M)11•119I1J `kililf1,ilief31117.19fEllt116-"f11.1tIlni).111r110,9f17-13Allifj'illnl! 4'45(1511 4 6 
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A1511 4.6 fililAS'Ilill5V11,113/1f(9181111JUVW1VD1IVITIJ61161ttat,'1,11J1JTN1ffDllfil114111 1 9111H1111 

411,1111i1f1111.1V111.Mil  4 illtart-illMtfilAtleltlfilA:IdDlfiltfit11LIJI1'1101fintlfiillrf15M4iliff 

11D111,9ThifflaDIJ 

Vi1111llilf1113-1ff19,11101101e1"OU 111.111910VIOU011611B1 tt111111flff011'al711 1 

Titgt(0i) TIobs(ei) 

-1.50 10.50 6.00 

0.00 16.80 16.85 

1.50 10.00 12.20 

2.50 5.00 8.00 

MSD of TIF 8.37 

fltwanik-nuintivw- w - l9i319tumniFifi-119al11f1911d11d 

slam-14.3 PtacI5TDffallf1-111.19fleljalllallihttf151J1115K0130t141'Dffalleill4f11511gaff011911`itlfil,9 

Irl_IIIYIG1dal.J91:U1-1114 (test overlap) 9119.1611111tilf11111ff11115fl'lla4ff0111.101111.11JYIna011 

W1.71.1611'6) 

Na9-15 -Arralrfnunn4alliolithunslIfliSfiql,h114arrau41-iunis1.49iarrD1A151)Fill 

11:1111TIOVI'DtlfN11114 (test overlap) vruAlumisifilnirrun5trual4rfauTalainroAfl'ou96116-1151 

(Referenced Test Information Function: RTIF) 	4'111,14111f1 -3111V119J -15t1 2, 3 11.2,' 4 411,1141il 

A11518a:.,17)Em 

t1,1111 1 flTIVLICP1d 	-0 1141149711 -15Z11,11N1M101111 11139M 01JilITIPT 1161 ill 	11.1,111i4STJ 11.1V1 IJJ Ifl1110,1 

2 	 0.00 uat 1.50 Vill'i1Lt1J111/10V1'011 4 D,111.1c1; i1filfli19J1i1ElliflPitllfill11119J1,1qVI'DIJ 

W111161161 LIV19i1111111rliwro1J ivulu 1 wilim4- thiciiii6o5-ini514,houcbszli-illttinrnotraum.60 

(average test overlap rate: T) tlllfllJ 0.070 9511,1JUUR51111514Gef OIJM&111kifl'ilLflf11,11il 41111,10 gO 

0.250 `thigatilAnilqo'au 411.4-n1 1 DA:ViVii'll911l9inIthttn”.mi54[8flf14arro1J9JaoirnitaAn-1514 

	

t1114"0"(101_1111trilliflt11911'ill  6'1111d 	ii"1111111111Wil-01411i3"0 it 111"11,1 3 .1111w1Jil'elWjin iL9f'trei01,J9 1 

5c,..-,vrienttuirviqfloumntiqln-i-unamin-rmuo 1ftif1615-inis19sN'aaau9s°15ni-illuumwrfautau 

allITIJ 0.320, 0.369 Rat 0.411 011JA'lk11 

flStUYI 2 fillnIqfill11641-1d15Vrtialf161101t1111171GIZIOUDIrlA'1151t11 P11tt111-ilf1T11.10'19J1501.1D1 

GI'Vf011 3 iiiti111-15 r18 (-1.50), 0.00 ',LW:, 1.50 WIilt1111111c1ViDIJ 21JAilfilfl'113Jtilt_1111101'01f11J 

Ltuynfircalpirthi4-116̀1 tHiltUllYlqff81) i111-)1,1 1 inTurviijitnlii6o5-m1514A'artaujlsni-i- 
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111J111/91VD111,Uthl (average test overlap rate: T) 114161.1 0.070 ta.11.16053f-n1191911affOIJIAJfigi11171 

lflt119461141.10 	0.25 lilitia,11.11J1/10V1011 i111711 1 Ufilici111611a1111.1151,1,1151.1f115i1v0LSDfl4OVID1Jil 

'qVi11.111D1111514i-alfil-14'0VD1119,111141flillcliffit11111.10 --J1-111.111.11(10r11:111:61.11866n 1c)I 

4arrD11415,ni -il 11,11.11111AVIDIEPUtrlfl'ilLflt1144 4114 la L0 a 605 11115144a0u4i7t'vrill 

111111110VOthil0 1111f11J 0.430 

11561171 3 fill11-10fillllefi'll'al5rfllalffil011LIJI.11/10VIDIJPITtlf11161 tld illl1,11-11t1")11JM111509.1D1 

40"f_11.1 4 1L11,111-1l flfl (-1.50), 0.00, 1.50 LLWt,' 2.50 rill'illLIJUTWMOIJ 1 ,ITIJVIT.Ifilf1"311J1.11011A11101fTIJ 

111i11Y10VialJWITIJ61161 11.416051111519191/DrIT11415t1d111LIY1JV10DIJi1`1'AU (average test overlap rate: 

A d 	 crA 
T) 	0.070 c131111116917 lfml4Pliaffauldufri?iin -iitntucyrn6Tvta ;I'D 0.25 ITI-IgD1L1J111/1 0rfaU 1 

siTIJI1V1111`111110Ili5u1151J1115fi0lDflliadaurA'''0 "-31_111D 1 f115 14i")1.161-140 -0'01_111:1(F)IlL n 

111 11 1-1 0 

157x1 c1  

L1,11111/10VID11t1:9.11-1111 (test overlap) 011Ni111141,i1f1111JVfl9J15f11.1D10:VrtntIlD1L1111_11110M_111WIIJA)1161 

(Referenced Test Information Function: RTIF) G11v11511 4.7 

01514 4.7 filM&.11181605111'orrouT-3f1'11111.11J5t15'n11.10140D1.1i-31.1flt605-111151914Dalni15Z11-ill 

1,11.11J1/10VD11MdU 

01111 U4 

1'11131 

ff13.115t1 

1101 

e.):aaii 

411.111.1 

111J1J210d01.1 

ein-unanl 

.4 
11-11111,1101 

wiTh 

11 

fritatrual 

0051 

4a11'aii51 

MTh 

tailthiwuN 

60519104 

'll'agau -3 

60511115111 

4i0v10. 1928 

Ini-i-il 

illnlY10ffDIJ 

.4 
1001.1 

cliumani 

015̀1,41 

410ff0119i1 

2 4 I 0.050 0.001 0.070 Pi11-1 

2 0.250 0.020 0.320 liir,h11 

3 0.280 0.025 0.369 Ilirsi11-1 

4 0.330 0.027 0.411 llir,i114 

3 2 1 0.050 0.001 0.070 1:111-1 

2 0.350 0.030 0.430 tiPiTh 

4 1 1 0.050 0.001 0.070 011-1 
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91f1PM1115 -1404-119iununstialilwao5-)9douninphltalithunILinist-NiSarniarrau 

Iii'arri'lltflutonniqviautivu- jii9t-uniminttn-um5 fnikdiolouvlq114insoauGau ttaz: 

fniutjnklvalithunluni5fNISunaioau4-nAtuAnuaff,Lurrinialt-niut.Thttitum (parallelism 

specification) LLD:',4111-11115115114DVD1.1415t,'11 -i111t1111V1V1VID1.1t1:111-111-1 (test overlap) 911114111111-il 

f1119,1V111115 D 9J D1 4ff DIJ11011.1111J 	Vf 	,111) 6'1161 (Referenced Test Information Function: RTIF) 

7:19-1151.1 4.8 

V11511 4.8 vI1INam-79aolif1719io5 fl'Ilalf11.11D11,111111WVIDULta.‘:;fryaitgaaltalIIJIttn5Ln-n•  

tifltan.?!DVID114111-1QW6'111.1fM,'LM11.11D1f1-)11Ja_11,19:111-111-1 (parallelism specification) 

elll1f115144OVID1J415:117140,1111VIVIVID1Jt1911-1111 (test overlap) V1111v'illt141,11f111LIM3J150 

tal4o-oustialii9J9JVIDIJUIT1161161 (Referenced Test Information Function: RTIF) 

41 
NaulTentani.1 

f12l/Jtjfl?I'D4 

91D111.151Ifl511 

2 611.11/1i4 3 6111111-i5 4 v11tI1-III1 

f11131ff1111111 -11-111itillUT1WIDU 

Ail51171-4 rilutt-nwri D' 11141-d ei-minalcA A11411 d1l4Lntu91 

fill1.105.1 5 5 5 5 5 5 

.4 
D-1111111E11 5 4 5 2 5 1 

inladiutilium 5 2 5 - 5 - 

D1514410rfauciii 5 1 5 I 5 I 

111V11511 4.8 LIZV11141111,161q1.1P4D1115915 -AVDIJD'311JQflviD111D1I1J511115JJ1115viVO,AI Dfl 

liaaatal
L'  
lq1ufltunlituttri1:-J-1 -31341111-Ifj`uumimt4hun -15 1,119iarrouTimaJeTiLlvnjlfilrlslfciu 

t11lnItyIfY91o5tniuvmo'a1J1J1i61161 mriin5tilfi 1 fill41-191fillAT1f1410-15M-ItYlffIlDlttlJUMMDLIV111J 

vi11111111f1-319J111J15i19 014V1011 2 vilL114111 'AD 0.00 11.fli°:,' 1.50 111.6111151,11151.1f115DV11801140011 

r111115D5T1_15-)341110.1_11.11/1V1VIDIJi11i1V1 -)1119151011.1L110111 9114111 5 4l1i1J 5 -31J51111f.11.-1111J9J1Thn'DITifin 

f1711.11i)01 411171.1 4 DIN 5-)115-3114t-1111.11_11/1V1fr011iliigill'Kfllit1,1n1119Jrillitig11-111.4 411-1Tt1. 2 WLill itat 

571_151111111-1111411110rfairilci6Sin1514.tiarmu91151;11"i11111_111VIV1V(Dlitil012..-4 -7in -iitnunfift-iiina 

0.25 9111711 I Wfill 	'311115 i71 2 A11114V1d117116411D15V(IltlifflIaltill1)1191VI'D11019Jcilttlilil 

ti-nummotalrlati 3 cilLonil 	-1.50, 0.00 tiff : 1.50 13Iy7lIthunJinl5f11tAnnITner1]limi9JiSn 

5")1J511JiThittliliV1V1f1"DUIrifY311JVISIVIllit110111 4111111. 5 	5 -ym -nnflutkuuvwfauiiiiifnnititil 

4114 711 2 5,1111 Ithtlf153J11:1V119J1505-31.15114J1411.1.11JINV(011iiilf,p1flUill:.:f1111.41-1fit1-11111411flt% 
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5-nniintlumnivifirraiiiii615-mi5144auji5rwillumuviovvutu&aniughn-iitnarvii16-nitiq 

CID 0.25 4114'111 1 	9111 Lin:'.,f15ilif1 3 fillitIfIfill'IlfiC1711V115V11111M1D41,1119_11/10V101JVIllig11,11411,9 

f1-3111M/J15f111044VIDIJ 4 V111,1:14111 f1O -1.50, 0.00, 1.50 UZl 2.50 1111-illi1111f173Jf1151:61011`hrf011 

Vll15t15TLIS'DAULLIJWVlqrfDllilijfl'I13J9111?111JtdOVT1 411-1-3115 	51111'31.1r1.11-11L111171qVCDIJilt 

f12111t11£l4 3111111 1 R131.111151L1151.111iM15f15-3115'13A11111111M1?1DIfi11191i1lf114ill'ff1211liiilltiT14114 

Ulla°,;,5'3115 -)LitIllt[1.1111NMDUili41615111-15100D1415t11-i1111,11119/19MO111052,4114111'ilLflillca 

6111'01 	0.25 614'311 1 ITU 



.171Y1 5 

unviiplaniolan 

nisiitifif4ifiliAtilnnfilii'firri.orri'llummflrfouti,uu-nalonvI9TavouitfltunimAint 

fraiurnulimtwinm5191-anifyi4n1smoirtiorrou lotilicnrd5,trotitiou flea 

rciavnlithunnimfioiSengtiovoetninnAWarcomiiovfiltnruvlgrravtituiviiii 

Itumvoilwriani104 (reliability) 16na,'f1211.1A51 (validity) rilarvigN4n-isoolvil'avau 

LADVIS'nV011fl'311,19f1AITO111111,14111.1f1154INDf148VDIJ41111f11.XfIliflit,TillAMTD1fnlIJ 

ttl-If1911.411-1 (parallelism specification) GIJO,9111.11.1Y19OT117119JVIllaillifYillIrflIJ15t19M40.01.19181 

1,11.1111/qD1.1'flIT11411'61 

3) LINDVII -AVO1.1W31141j f14041JOITLISLU171.111154'91,SDADVDIJ411-1f11519740VDIJil5nl'ill 

LL1.11.1Y1qVfOUti6U1..1114 (test overlap) 9111.1M13JV19J15il'UNGIVOIJ91811,11.11.11/01r011141T1141161 

VD1.11110f115iihJ 

1. 11153iElfif lihilinisPnIsilouni54-mulliavn15rrovitilgiviwutnyu 0 661 1 11751f164 

A, 	_! 
ITDVDIJ Ifif1911DkInf115VD1.11(11)1flal'UlADq1.114111.1111.161101Nflf11511ffraIR111510•1951 MER 2003 frima 

LliD19-111461101filfefFiaittMlitlY1141115411111 4114-)1.44VD11 2,800 f11.1 
4 y 

2. f1119J0549111J114D111tHil1i1 

1) ill5iWV1191111161111-M6vfliiilaTfliln,'5105911 (table of specification) 

2) 41DI'll'Orf011ti1111111114LIAMTLID111 

3. fil1114fliliA11161J1.11NVIDIASIMILIJUISOfl91D11 4111T14 4 G12l1eDf1 

4. ilvT,11.1511.1f11515Th 

G1 S111~5efl?(5a 111v lthtinsurnItiAon4ovoctiiiiinisiiimiffiralficilimisvuawmal 

itywnwavyaiN4-11'640111411111111fiT111V11115f111010DIADIIIIJIMIVDIJUITu411.61 

1) f11i4f19fldr11551161,1111D46191111IOVDI1UI1I1411b'4 2 

1) RTIFei=o.00 	11I -1611 16.80 

2) RTIF92 =1.5 0 	ithriu 10.00 

2) filli4441.1V15V1.4111FPUDIU111.111AVD1.11117114114 3 ~1166YY114 fl e7 

2.1) RTIF01=—Lso 
	1141fill 10.50 

2.2) RTIF02 =0.00 
	16.80 

2.3) RTIF03=1.50 
	

10.00 
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3) fiTaltql-IV15g11111011•01111111111fl2(011DIT1.161161 4 iitivrtia YleD 

3.1) RTIF01=-1.so 
	L14-1611 10.50 

3.2) RTIF02.o.00 
	 16.08 

3.3) RTIF03,1.so 
	 10.00 

3.4) RTIF04=2.50 
	ti9J 5.00 

v17it1J54119J fig fl'illiciflkItalii15Linsun154"otSonG dou 4-unotiht 

1) f171119151011J11-10111 

2) fl'111,1611 01 

3) ff1141641-1V115M411/11411D111,1111M1V(DIJ 

4) f,,1 AnuarnmAivualfrinvilutistium 

5) 69-15 1f115 19T4DDIJ4-15n•rilltillIJINVOI1 

4-lioni5ionInfil4aljauflz:mi5trrusTin-ni,Glja ii%\iarrfilf414urauoimItiuni5oau 

.tio-aou ciliimilvalijalliaJvi'llumniormutilruitannn-ii 

tilmouii 1 ni5-al-mmn-n—n-eroufpurnruultniummumlu6-1161 

1.1 n15a111 9-15-)9r(auqau-nm Ltat6uSanliaautallniumirroupiTuNZ'lonnitA 

f115110VD11111111flliq1J 

1.2 111591519V(011g111f111/111118140V(01114f11-1111541N0f191011,1111_11UMDItil111J4116,19113J111q1=1 

015g1)1i9iarro1J 
.4 	5)  

111-19101111 2 1115V111flal‘11D'aM19113JfItlIVIJ1171€1109111.1111/1qr101JP1i1J61114-301115 4ThD,149p 

1115D11478I11511f1511WINGEN 

2.1 611/11-1q60d11-1'11D1f1A148VI'DIN11111i10141f1155q9119J11111J1/1qn1JilITIJ61161 

2.2 imilaaAelpfilSrf81_14TJIIIStif153J WINGEN 

2.3 i115o579flra1Jitm;fiotEan.tioa1Jnlo1J5 5 lunMiarrouiliiqtunmonnu-Anlwau 

.?I'artau 

vhalunl5q114 

1. vfqt1M11111011infl'auitantuvvionucnIngqi4n-mwmautruu9i1LFili 

1.1 'ILf15 -1:Aiifilq-rumoonAsnn-rilsnioriatit-iuTeaphtrrlfilu015-1'cl (Index of Item-

Objective Congruence: IOC) 9i/101'915'1101 Ilambleton (as cited in Turner & Carlson, 2003, p.167) 

1.2 If1511,',' ilfilfnimintal4aaul4dirNdluluni5ootiliamiR9ia'tiatjn 
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1.3 5Lf1512.1161111411.11411910148ff01.14-RIfilrilliha115t11J1J111d1f65n (Biserial Correlation) 

1.4 511151:Aili'llliSt Frat1113JAALL1.111f1111.12Mtlh111.141E111fl11%01 Kuder 

Richardson Formula 20 

2. n1511.fil-ffIffiT1111131111D91014oDULintlilnlINV0119111.111q11f111VIDIlliDn'011  

2.1 q5-1TeMllf111111.M.11,DfliVal.11111.61ifkITUalin1111ThffO114-18fl1551,f15 -1t.4•941.1U'AIDIJ 

t9f1 15111 (Exploratory Factor Analysis) 

2.2 tlItifillfl')111111/.1t'VIIND1I9Jiglflf1150DIJ40VM1fill.tiDVI,Tin15`.'-',if10101117115:',1J1ill 

fll -2 likelihood itazI*M"Dlif1119.J114111Z;VrIPIJNIIJIMflhtl X2  - test 

2.2 IM-ltlftill115-1i1L91D‘M111)Dfl'DIJI.LfltUlltalUrDIJ91-uivit-ilib' fl-150-61J91'0V1.01,11.1,1J9J 3 

3. f1-151J5flihifjildflIgalnWIAll'f'UOlf1T114.11.-1fil11-111-1 (Test Parallelism) O1flfl151Nr115t111 Mean 

Square Deviation of Test Information Function Sni-i-111.11J1JY1q2fOliti'111111161111,1J1J1/11VIOIJMT116'1161 

0.05 'UN Luecht (1998) flat Chen , P.-H., Chang, H-H. & Wu, H. (2012) 

4. 111551,f1512-,'1161Th115144DffO119115nlilliitlillilAVf8LILPLI (Test Overlap rate) 11D1 Chen, 

Ankenmann & Spray (2003) 

ffS1le,Mf1151ti 

1115Mf15,111?111J15111Naf1159i0iLli1A1 3 91D11 

Gleam] I Ills LISISIJfliSffi)110,1111TlqrfDliti%1111-1 ItatrornsficaDn4arrou9infi6191)avacuiwf 

v 
I1151.1,f151EriDV5-111,11_11.11/10V101Jfill1111-1319ilif11114-11-1fl -J13Jiii01 (reliability) 1,Lt.',f1-311.N151 (validity) 9111.1 

liltilif115001111'DVD11 

1.1 illitif153.11111A1ALLUUT1CMOUfj111-1114 

Ithun53Jn15vf 114ovocutl:twnirPiulk15t!,tglAmpfilii) 1p__Solve Version 5.5 1111thlif1511 

R Studio riAlatitSpn4a -aal_191flf16h1, n'auc'irri)-wfucnInt5itifilld icloGnUiIN- uniwT9i8anf 

9,m,1111.1filt'iluttiniviqrroutivuivarinn -ii PITuilliqturrini714)11-1f)13a1-11t146fllitlInPVM'%01 
g 

flillAllfj1.111111 (test parallelism) G11i1f1111JI1101 Lfflt',4-111f11-11J6151013J11-1.011111 tf1citnt.11115 051f151 

numum'auciTud-11543.1-milrp 513JVhil1 m141t1"auf1911111.arinfril j41 5 n 5 	aauji 
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&3141.151.-natruallilunIuni5tiollon.rfarrau 

1-115411114c111U81-111iii 1.15:,rna9Jehu 

1.1 nist-iim.at-ptSnuammlit,-uNttuirrmaauti.uuluoilltarilitunwif,Talituuviorrau 

114-1161 

	

	 incruillfialflZMUtill1.111111;  

fniutirruDltruirmIrrau 

Inswi'llcualtdmun15-NlialnumigrialipAh.14141 AD 8 k&111111151 blUiliT1111.1 

40ViDIN11111,10)411115"N fl7 5, 9, 5, 21, 7, 4, 10 	3 40 9113A-14'11 

1.1.2 4114-AILLIJUVIOVOliti111111.4171TO,If115V11,9 k 1 X11 5 q1_111J 

1.1.3 f1-3111UTT11011,L111_11/1AVD11 ;14 D 64 91'7 

1.2 111561141191fililfcil-a115Mialill1D1`11011,1,111JMMOLItl:911111.4911111.111111WIDIJMI114116,9  t1,1 

611,1:111-11M111Vflif1509.1a14V101J`Vie101f115 (RTIF) ittilV1111 3 f156,1 

1.2.1 filliTletiliV(15VfilklilfP11D11.1111_11WITOIJDAT)J4-141 2 4-1k1111,11 00 

1) RTIFei=o.00 	llilfill 16.80 

2) RTIF02=1.50 	11 11611 10.00 

1.2.2 filV111q1-10151-diliff'llaltit111110Vfallinitid1161 3 g710,11111 117 

RTIF01,—Lso 

2) RTIF02 =0.0 0 

3) RTIF03=1.so 

10.50 

16.80 

10.00 

1.2.3 fililfquff15'c11l11Ifft71L1111niorr711w1111d1101 4 97-ito11-11 117 

RTIFei=_ Lso  

RTIFe2 =0.0 0 

3) RTIF03=1.so 

4) RTIF04 =2.5 0 

10.50 

16.80 

10.00 

5.00 

1.2 	151-11111-191fillIlicihdalln-1111ffq18 111111.11/0 

trtrinormumru4-ob'l 411111111f ll1M-11115t1TD1r)*ailflunis-litifiilil 

T1111 2 Iffilif.vu0.1111-1G1D1-1gLianiD111611i1,9611 115`.`-'1101A1f1 

2.1 r141g10129-Nalfh41.8afi.il'OVIDIR1006.140VTIJI,110V1f111.1,11.1:1111110V011till11111:17.111,M11111 

flliill:,'Cl"]Ll115411ifir11115LIAflLNLIAJUll511111gt) 

1 11101%0'01Si i tr6latliuttuurrou t 
xit  

O1179177'711111 	hip6iadlulimmau t 
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2.2 `1,p14191.1O1,111111:Ii11:111041p141c75 IpSolveAPI rif118r11141111.1.1J1J11flVOUtil11111-191f1f1AADVIDIJ 

illIfill41641.,1V15n1VVISVUD11,11111TIOVfOlJ9111.1tiillrlitilf1-3111V119J15011014,1:VIDLI (Test Information 

Function: TIF) ciiifillnA)thlyriofininnion9illiTatritirpTinfilisiliiuff -17vuiviff ruaminnimfou 

l_litf_ill - IA13.19511,111111M11JV11.1-17t1T014V(01) (Referenced Test Infonnation Function: RTIF) 

. el 	 A 	sbrd 	 v 
2.3 15p-11V111D1119113:9411fl1141,14arfolnellbluni51440VDUT°15tArillPIT11 

. L e., 	 ..• 	9, 
2.4 9pW11Vfl'111-171Dll'af11549J4DDIJIINDMisILM-11,1,1111110119:‘111-111-19J1flfril 1 ilITIJ91111 

ifnwi'llalominisi L1a:5Y111 1f19f11znIrrumna11tmicnova1J11ti11Y11q 
. , 

12. 6,  01 

2.5 `110flM1V110"01,1-1511111,1,r191,9rslilf11541,SDflliaVfOlfil-Q9JUIJIJ911711 

"2dYl 3 essaKrii'lialihmaulguntilavilliffsliiii 

r-Ifl'IAli(11 ,01'tli.19.1D1-1TiLWZ-,141D1-11`Utilf11Jill Odicllp_101511115znaiditi 

3.1 GsMivi1115fiqlaafT6VfOLIT1f1f16'19YDVDIJIi4Dft11,a11,1119J1J cVlOVrD119:9111-111JJ1f1fl'il 1 WI% 

1,11lfi11 0 113.11t1t11 Viltl41orra1J9laiv4Lgan9int-199Ja?1"81191111L101.1119i1r1f19i 

1 Mu-Kull Lifil4avfO1lififrfNikfITIfIfIS'491DVDIJO11.111D111,911r1fi1J 

3.2 N''1Ari'llalli1JUlflOVIDLIf,1:111111-Icii9Jd11^T4fi4fvirr152r1111Ift`11011l1linlq?(DIJ91111t111111111 

frilLIV(19J15i11181GP011 (Test Information Function: TIF) iltd11116;18114161f1'311J1111f1Villl-TDAV1111 

filliltql1V15V1"1,111/1f1'1101111J1ITIV1VOUV111.16'1U141,i1f1T1IJM1StITOIrIVOU11011LIJI_MOVCOUPIT114-1161 

(Referenced Test Information Function: RTIF) 

1.2 Nanl5KoiSan'tiaffouAilE111151tnnitliaerNtiumicieroufillfiin -inficifilniumpg4 

f111001M140Aiiaaau 

ii-miursmni5611Son4Da•DuAdillsttn51ADeilltf̀itutumwapuill.ifimmtiriewimiiqud 

nisoauliarau 

v7Ifiaicum5vrurnorjlvl g 	Illillililfl'IJVIThiSiliiinATilullADV17,9tilifililftictifil5r114111FITO1 

iLUMN111.01MIT11611611,111-il 

	

05i1111l n 	 L 11114fll1D14 'UtTIVi
T 
 ltnilIVIISM-11111MIDILLIJIYINV(01JP111101101 ill 2 ilLL111:11f1"-313J 

V13.111 fl`1101P1?(Oli 

lijOIlliiLltrillf1154LSOf14DO"OLIll1OVffillifIlillfL111Wa011fillillq61-1-111111JUVICIVIDIJi140 ,11115 

V1.1141774113.11 1.141 fill 5 D.11)11 uaccfrimilailautIvuoldivIATurnsautvinaltiummnim -app,olii6161 

tll 2 cilimililfilma -umwualtIn'ou 	 ilu-n4 4 piluaildi4iiri 

filihtliun5aurnnvq91 	 iouci 

ILuuvigouiTuj-11611.1filillf-ii4rn5vrurvifvualLtuuviorrauglqo Ivilfiu 16.80 al 410141:11 
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friniv-anstielrfalh' 0.00 1lfilfl']19if1MfliflADIlll1915.111PUD1f117115°Z111tUtil 0.10 Itli4DiL11111/1 q011 

giviTuituuvifirmuiniiiii 1 TifilITIti`i'lffil5VrIlillfiTO1ILIJUVIqValiTIV1 L 11fl1J 16.85 old ~11i1111-1 

fliTh2111115fl'UDIO'D11i1 0.00 Vifilf1T111fW1M1AD111.1107211-1Talf1111.11tallillfil 0.10 IL111111WrallP111.1 

it; 2 ilfiT141641-1fiTM-11.11WU011,11J1JY191VIDItej140 Wilt-ill 16.80 t1-1 ..ilL11111,9f1T19Jr112.1501.1t4VIDIJC11 0.00 

91difIlllIfinThifliiall3J-19111111-1%01f1171_NinTlildfil 0.10 1,113111/1 0VIDIJV114 3 ilfiliviihon- a-urvigtal 

11.111.11/1Glati1.V171 1 Yl l fl 1J 17.00 	 0.00 9J f11 f1219J f1211 G11 (121011 

111915211.AD1n -n- ii5nritoil 0.10 11anillliMM811PITIA 4 ilfililflilidllallalflIaltt1111111qaDU 

trlqq Ill l fl tl 17.03 ill 411,1111-ilf1-111JOISJ15iP11010:VD1J cil 0.00 9if11f17111f1a1 G1Lf161'0119J105i1119.10-11115 

115t1iitufil 0.10 

A 	vi 
2 61111- MAMA VINITVIlfliflar17VflEV1STUD Ill111J11fterDIJWITIJ61161 fu 3 "1-11,1,9'11-il 

Vf11.115t11051 GI'VD 

LLI.JUM1Vi01141111191i11-17141111119r1 

1119 ltIli9J .111/ilfl..1 5 1.11.161141.H11,1D1119.19.101fililtiillal5V111171STUNLLIJITVIO irali91111WITIJ .611 .61 

to 3 41111,11i1friarrinmotrol4vuu NanishInvivil 1,1111.1110rreLl 411-1-311 2 P.irtliViTaai 

Vf152iLl1Ylfr214491 fu ilL1,1911,9fM11011.J15i1GUN 	aufi' 1 n 	 6,1 	CL,11111/1 fl rruii 1111 

4-1161ilfiliiSiurn5rifirvuirualitinim-mouvriq 1Y11fltl 16.80 to '1111141.11f1-)13JVillJ15i1TO1rItifia 

0.00 ilfiln -3 -aifialotflAallIJ1915111,111D1fl15117fallillfil 0.10 lillgaLLIMY191r(011Plitlinfl-31111,1,111-1£7111.1 

f115115t1f1tlif11f1'112.M11.117i1T0lr,i2r0ut f]f1-111JV13.J15019,nt,-hydninall '1rvi511111J1_111Orral.JUATlici 1 

ilfililfiqhM1M-IaliVUO111111YVIKMIJVq0 	16.85 to giliillti•IfIT19Jr113J -15fl'llO10:ViDIA 0.00 31 

fililT13.1f1V,ThLf1A01-19J105S110.101f115115t3J1illiii 0.121111IYMMIJI.T1Jil 2 9Jd1ral0if'cual5?f1ILV1g1101 

LLyinwrraurpriq ahriii 16.80 tu 	 0.00 rifilfrnufia-mLt-Aau 

ino5putalni5-1J5tintufil 0.12 

tri 	?f, 
1150111 3 	 i'llt11111111itta15'all11101.1D1L11J1J1191ViDIJW1T1J .6116,1 fu 4 4.10,141:11 

f fl 11..1a11.1150'1101rau 

LiiDillsunslini7fN1Sanshrfautilarrih,nflutiumweraufinvuoinnuataivwrauiMal 015 

ilfill11119J0 WilfTLI 5 MT11110f.f11ll11G1l50l1$111.101d1141641-1rf15.01.1111f1910111iJ1tliqViDI0111'1161101 

to 4 411.Llitilillurnamt-oialc.Ta"DIJ Glflfl15fifl1J111tl2l i7/ 10.11J11ClaDIJ 	1 	̀1_4111i -11.1ticirifil 

Vileiliffl5r111111fT1V i 1 tu i-utvrtm iliurnkmntalrvalic:1111KCAUlfM il_ITild-1161 IMJC/111,11111/1fldeli 

PIT1J 6'1161 lifill4liiiurn5rm FIT al umwrou 	 16.80 to 

eln'auf:i 0.00 ilfilf1-310fiammhmilq5.i-nrualni5th:antufii 0 10 li'auttumm-ereumlifilfifyith 



niudilunisillniitudifranirmmcnial6n.auciiin-rafa-amnluT,t',4in.hunml illiilJ1111111/191V1111.1 

W1ILlril 1 iifi-allfieilivrno-uivinalumrnorrauvlq iviliTu 16.85 t11 911111•1111f1211M11115t191D14(DIJ 

VI 0.00 lifilf1`1111fM1911f1A011111917i111110111171J7:',111t11f11 0.10 

1.3 f4D11116010n4l'adaunuldltinlutiiaerilltuullorrouiiiidin-iniollommiu' 

n -nnauffualiiaftau 

'ilic4aniafT9u.San‘iianuwInt-illiOffD1JAuithiin53.1tAaM'ilLtuuviorfaudvu-runfpif1111 

4111M111915191111111D111 (content validity)1.1.11,1fl1511g911614a011171t19191911A0f1111,12911110141(10E19119111J 

91151161111191A'fllItlinWVITh'51f.15911 (table of specification) 1,M11A11n11`11% VID1J1111,19111;111a11111155191`il 

91111111111119101N.I.T1J41161 1^111'111110 ti114119111D111AlfiTalKilarlSVSLY1111D1111J111191VtalJIT1J6111 tU 

2,3 11`,1,' 4 91111111-ilf1119Ja'11115t1'11014r1D11 Ith- 1111511f115fi911SD114OV(01.1M1115tM"i'11111J1J1,191n01J 

4111211 5 VliliciiiIi111')114arractiluLtdani101111115iq9151fil_111111111910'D111111116'1161 

glt11-111 2 Nan1545-arraufnutp4a1Talii.15- un5lit-mtifllknliaanuMu9w6nutunTynnalfrim 

1i111911111111 (parallelism specification) '11fl1L1111J1f191V1'D1J9113J911L1,14111f1'11JJVf19Jllt111016Vfa`Llt'01 

1111111191rfavuiTu414'61 

nNanis5itik11def1'll1nTria59111n1quf11591811‘hrf011 1711/315t1,111flt1T11.1r(D91f1A1`11Olfil 

1^111-Cilffil5n1111flIall,11_1111r191?(Olifill111.1111191V(01.1VITIJ6-1 .61ilutiJunisi3915ariunfiliv-iiu 

V15M111/111110111,1_11111191VOU 111 411,1141.11fl-mmilmtmalqvcaulilo14-annilk3io -mvillitiuc4 f1t1,1611itlff, 

li1111t,'`Ualf1'111A1191;`111-1111 (test parallelism) fli5i,1915t1,111flfilVtlfiii-lr(15V(11111131'110111.111J11191V011 

(Test Information Function: TIF) 1410 fl 1 VY 3 fl 9f 11 fl :11 fl IJ 1l! a 91133 ti 	11 91 V 11 (Test Characteristic 

Function: TCF) vai4itanilnywrillisotalr,frou 

t1-1111011115t191a14V101_11,111-1 3 Mill ga (15tilii 1 8'111111115091011,1V(D11 2 91-111111j1 1lfl 0.00 1,12;., 1.50 

n5arvi 2 fl")13JD'19J1501181(1V(D11 3 9'111111111 40  (-1.50), 0.00 Stew 1.50 (116111 3 f1-1111Vf13,115t19.1014?(V1.14 

411111114 ;1B (-1.50), 0.00, 1.501,1nZ,' 2.50 9111.119111 ISM,11141411151J7t11111t)t11111E1t11:-',M111.1101f1")1JA11 

11'l31-1111 

	

	139-15timinfilt4oundi8"IvfalfillT1011,111111D11-11141fq11V(15a11111fV110111111_111ami (Mean 

Square Deviation of Test Information Function: MSD of TIF) iltd-al'oun-il 0.05 N11f115litallJ2l 

11511111 1 111111.191filillfi11V15111111111011,1111J119101J 111 911111111191'11/1011117091F:4V11911 

9111114111 gO 0.00 	1.50 
5) 

1115111151111151i1118 arnTa-n11111,10 a5111_1111111111191Vralif11111191i1111-111111.1111191"a 011171401MS 

ill11111111191 t111fl1J 5 Mr1.1 

to 9111111111f1')1112f13J15t111014VC011 2 91111111:11 flit 0.00 11t1t' 1.50 '61-11I'',1111Nflf115t-N1S01140Vt-61111h 
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V11-111111111,111.11(1flV(01117iiifilf11131lilUllfAhlfillillii414glIril11111.1111/1flV1'01.1 4 01llitiilf),Will14111 

fi -)1111,fit11 	 111.61 iii tliJuinorrau 2 0111.1 

I0011h1111111VIV(811titl-11`11W1TIA 1 rifillutint-i16'1 

a0sItilliit111,11111101g-1141M1'11Vfl7V111,1/1111011.119JY100'011 1111011 0.02 11,t1L9.11_11NVIDlit):111-111101r11`1,1 2 

ilfilMA£10flfi-1610'01filli.41111111‘101filillfii101101.1,111011011,1,1111111qVc011 114"Hill 0.00 ?IllA1411 

111611 2 d'114,16414V1-15V(1-111/1i11101M.1111WV(011 Ad 411111111f11111V111J1StrIla140'811 3 4-11111111 

Aa (-1.50), o.00 	1.50 

11J0l1l511fl51J1115`°1Gllge) fl`it)rrauiAprri'lliiithuvirnflaauri 11111 4111'311 LL11111110 rrall:141 40,1n-is 

0'51111,1111.10 	5 01°11111m,'61911-1g110111111D5fiTa5f2f1015V111110'91t1111,9J1IV1GIB1A11JD1T1J41161 

fll ii111,111,11f1-119Jr(13J150%01 P:1' 01._1 3 9'110,11111 f10 (-1.50), 0.00 Lld,t, 1.50 .3flY15q1f1Ndfl1Wiqtg011 

40W0111V.10'011111111.1J1J1110V0IStrIfilf1T1111,17411111M£1111110111141161 1111-71 1l11,1111V100 )1,i 2 01TIJiiii 

qt110114111f1T11.1C1101 	 11:1J1 

LLIJUT191V101J1fliiiiQ0101.1117m01901611110,1n0111:.',1101f1111,11111,19:111.1111 

1110 3 fillilfiillr11501.111/10110,111,111.1V1fl0011 01 411,1111,110 -3111V131150'11014V1011 4 v7111141.-i5 

(-1.50), 0.00, 1.50 110 2.50 

iiiDithunnini5418Dfl40111111Drfi'lltillALLIJUM1V011611,11aill1-JULLIJIJMOIA'Aln15-  
„ 

V51,11T,11411fl 1Y1lf111 5 Mill 11,0niT1411fll10111%110,9d11/71A°111015"VIIILY11:11011,1,1111W10"011011101ill6l161 

illilllilf1111.1V(11115otalcIrrou 4 9.710.111,11 	(-1.50), 0.00, 1.50 11,0°,z,' 2.50 "6111U -Incon17tioLSan 

iluumwrfav 

Ituf111/4114filllii1U1 11,9411fliN17f111illf)018'nvtunD111:4- uniimiJutivunuflith 1N 1111t1JIJ 

ttuum-IrraumriiThirriilfplauir6tplt-plthmatnmAm-,cualfryndiutilmt- u 

001-111 3 plavlsirrDwynut-jrwiDltalil.17unnin1741SOfl'Uvarrau 'hunislIgafl'ainselltwill 

1,111111Wr(01.1ti111111-1 (test overlap) q11.1411,111lilf1-1111019J1501.1014V1'01.1`11010,111111Glif01_101r1J61161 

roos-)vraufi-nuyn4'avuolItlun5lin)7t-NISan4ao'nueilun)51440eralia tli-ill 

1,LIJIJY1OVI'011ti'll11111 (test overlap) 0111fill,TIfi`1410.17V111LIIM10,111,111.1V1G1V101.101711161161 tld 61111141!1 

f1-113JVI'll1l5t1 2, 3 11,0Z,'', 4 41[11111 1111-il 

115i1i1i 1 fil1ll1G1dlIT5i941e115M1111f1l01111.1111r1910'011 01 4111111ilflTAJVlIll7011040'01_1 2 

cill111111 00 0.00 110 1.50 1111Tiltll_11_111i10'011 4 01Ttliiiltilf1-111J610,911-1AriUlg111111111W0'0111_11141161 

Llii:ILL1J11119101.1 111-11-1 1 01TULl'ill-r1S1r16411111-111`M011ilSt'll-il,911111.1110 0'01.11,06£1 (average test 

overlap rate: T) 1111fl1J 0.070 tb'1l`1111091711115191400'01.11,0&l110lfrillf10151fig1111191 00 0.250 111100 
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LIMUT191V01.1 4111211 1 PATIJitiVf -atinniihunlmii5fNIdan.tioa-cruiiviwualn15197i -nifll 

iriutiuuvmvouiriniSa intiv 3 wiTliii6915-mi5 

tiumwmitiAurpn-i-antucviilti-niuo 

0.320, 0.369 u1': 0.411 W11.161A11 

f1161171 2 411,11.1c1fililtlilaf151,11TIF(11a111111.114flVal1 tlt 411,1111ilfl'1111V13J15f19.1D1 01011 3 

9i111111i1 11J -1.50, 0.00 	1.50 W1J -i111,1J1JIMVDIJ 2 lilltififitilf1")13At.11111A'LiitlliTIJ11111.11/1 0V1'01JPITIJ 

0)-110'1 11d11.111.111flrfDIJ 911-1111 1 WIT1111411111fri316915111171440D'D1.1415nl'ill11111111flrfOUM&I (average 

A 	 cr,4 

test overlap rate: T) 1VI11 11 0.070 9S111.111-00710-1519gDrfOliltrI71111'illf1t11711/1111111-1q 	0.25 thlga 

11111119q/fau 4-nral 1 DITuitiviliA.1a1 0I1J51105wmfiotgpn,i(Dv'nuilijodlivtialt-115 

fi -111111J111(1flOWiainiAan 1 .111111a-v15 10 15 1440 -eraii412will 

kructivwcfoumantrin-i-unui4fItinruq b18116o5ini5 

0.430 

n5t11vi 3 filluqd-ralf- ival5rrunnwuaimiumirrou ail i-itcvniln -yaimulswunlrIn'au 4 

g-111111,11 pin -1.50, 0.00, 1.50 	2.50 1111-i11.11.11.11/1qVfou 1 Mr1.11131filfflThii71011,4:4 0161_111111.111fl frail 

.=1 
DIT1J41161 Lia ..,116917111151914D'aDIJi15:,' 14i1411.1J111(1flfr01.11,PM (average test overlap rate: T) 1111011 

0.070 ciill: 41.-169151 fuslgarf 1_11,P I FYI1;41fl'ilifItliciricr1 fill1110 ga 0.25 1.11-1ii0111111MV(01_1 1111.1c1011,1 

qiumii1511115111115fiqlSon4vrauiirNirnru04015 1415-airTulion'0ubia111ntu9111fi1rn1Gl 

melflnil5itytillaurnirmvpieoiounim7-niclurroltilNam-Nrtaufn-wo51  frinnViul 

tia:',fr-nDpvialtalIiillinsunlIfioid̀on4arroua- tit- tu6'nututtwv.-,—ualfn ewillutiqiu - u 

(parallelism specification) 11.d.,'flillf115197611)0VfOlicIfiStll'i14111.11.11/149n"Dilti‘11,1111 (test overlap) Om 

ci-utwalfriumlimtvuoulvall'UNITIJIY119MOINITIJ61161 414011514 5.1 



114 

911514 5.1 ni.INa9-11-)vrallf1119J915 1 fininviolvaltniumrrou itan9Tnitin4NtalithunsLinis 

41g0f140Vaalllf,)illS'flliaRtlP111::1104f1T11411.49.111111 (parallelism specification) 1,1,flt,' 

Allf1151gar(D114-15:11i1,91111111/10VfelitiV11114 (test overlap) 91-11N1114111.ilf1-)13JV13J150 

,ualtIVOIJIMILLIJUTWIVOIN171411.64 

611191111 

triniff13.111f1 

fil -1119flEONI 

Ta411.11unl1J 

2 6111111-14 3 6111111-11 4 6111111-4l 

6111-31-11,111111,10ffOU 

ff'i'11514 r1-11,11f1f1,1,Y1 ff j111111 ff11-11f1a141 A11414 eimntia91 
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4. UnirfOUtIlliftiFIMM5115nritidi 

69. €tYackt!ill'fititimt-lialria9i'uiN 

1. ti-auctia:gpflinniann..,•Jrai 
	

2. 1T181,11fillAlhArellifilTi""Echl-11Wali- 

3. I441A-J1411,1Pcjilf-1 TalliAzialEffITI1J14)J10 4. Fmn15/1-54T-_,I,t111-fflf1MtOlilalji5ili14. 

70. 0151.119n211511JTa1JO "fiTI1J1111.115t1114fl15`Jlir011trel" 	X19 tilL9ilJl~flld~iflGl 

1. 1115cilffIC-1 	2. fi1fiDIJiT11.1 	3. f135111111J0! 	4. f1151Th(10liql:111 
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71. 11)D1FitliAlu n40,1LritlifTilqiiit1l5 -fi-nurnm5t-1114m5finniu- 

1. ifllAinni5m:',1.44'iti'A•4tli 
	

2. -Tql41f1f115iCIMPIL109151 

3. Lfildfiffiflf1119Jf  Fr fl 
	

4. Itillf115LLM1100flOtilliqt11-1 

72. 1115.1:11161JuvoylyinivillitrifirIAITIJol-Naau-i-rtiavrauluttinmoupll'udu-To 
2) 

11millni5vimt11nirafila 9Jo119111l41 

1. f11111`ifvfiffIl 	2. f1211JU1fl,i10 	3. 	 4. 411M1)1t61lfl 

73. Ir3i'6111clatTllini,f1AT1fl41.15n111-1 	3 fltlifichlIttlitilf1113JVIOMIS011.1D1f115 

1. fri19Jif181 	2. f1-311.14541i,n1 	3. f1711.11141.11:,'V9J 4. f1151-ilutinihh 

74. Yritillit111112J1 fit'Atuviril4intruimoutnufi-mirratillivrowlSaffimuiFifl553Jf115 

LE61,1040011415TOITfletriA iidiF11-ilfltalfitnliclf),filf111A1U1n110 

1. fillIJA51011.1,1111:t;thli-111114 
	

2. frillIg 51115 d r140141 

3. f11111M5ltill'ITL410 
	

4. f11111V15i-31.1Mitl 

4-1.61,1 iNc1101:,--nSalldallffi-SiOlifilf113J 75. - 76. 

1. V151.1011,1105rM 	 2. V.151101f15. 01-1111f1 

3. ti0591041141055T154Ifill 20 	 4. qvinamlleli- ton-ln 

75. ryillf11935114flinhantlifilf1111-ItilEMINLLUUM-CIOULIMAISITEliT1V1,If111 

76. ,:f151,q614/11.1fl15115.n.nttiflinilDifitiltalltinliMjfiSflnliAiAtin155041 

77. 41Ftt..Fini15-43JiliariThrinirbiB-atitniliiiTilnfill 

1. fla 	rTulTfl mg; iit4f1 ivw 

2. fla 1-91j0041till-If1151/1K101fililTflii trwiliverainUi 

3. 1f
d 

 

4. fiattalll'AV6111TIAULITIfli54- 01.4`11141011t1): flfl1,9. tMnn 



MER 2003 1,111)-1 12 

44\1 	194TiLgOilii011.11:1001.141trai 78. - 80. 

1. 111741JiLLIIJf1E1 (simple random sampling) 

2. f143.1 (cluster random sampling) 
g.: 

3. f11141.101.1111,L1111f11 (stratified random sampling) 

4. 111141.161,111a.fIllt,111.1 (systematic random sampling) 

78. Grli'tdij'as9111141.1$110E1111:iflibi-41119i 4 fltlailiffirMi?  41011151.71i11411.11i5nliM1415ALI 

0:-Ii'tJni141-1L111111f1 

79. irii'ti(?ia. 

	

	 is'2 41.1nti5. 61 

,p5j1E1,115- 43.11L11116k1 

80. rrrilil coTa 1 1 5' 41J 6'11 ri 1 1 1:(fl a El 11 	5 411.1"-cal 4 ITO a VIA 	n-Tfl 0111E9i ft,t ITO 

friareramocittmnsiltiu 

81. /1/010fliitr 	winfia4hlfrllgflVlfYIFIJFIMVT119iOfl1561f115etJUrGU016jtiflf1501 

fla4V1LN0151141IPT--3DdililLIpirvialirlAi-ru-rt4v7-yadilfritinn:,;rai 

1. rfinti'fini51.61-15-11i-ulali 	2. i1011-einni5ilualo14146'-)oth4CILflucTittyru 

3. fhilltiltql11.1,"lltn091Elliatillillvan,-eill 4. tiiilltilLWIM''nf115411k1140,1 

911giCSOnkliiii0aUflinni 82.- 84. 

1. n-15 -̀ Aninf,v-lo 
	

2. f1151M1M1f1T11/0 

3. f115iqii1LL111:111,1ritnaitil1 
	

4. fil5i00,111I1Illtil4d11-Iflall 

82. "i"i'll1p,1110'fri alciril-lf1151.155altrilffftt1414Lii=fililfilLt011V1-011'11111111-TOCAUllq 

83. ni51,1-RauD41,14-3tifilfooat; 

84. 401f1151:111V1-10i1141111:1flifilliltriffiMaUl57,11Tglit41614.thil-l'h (1:5 1E/fr3514/V6F1 

85. Narn5. 151V11111F17-Talluial4S'n,q9.r5volugnin voi-iirlednfrialr;Tulpftli 

115 	fn 1 1.1 FicIL111.15cTli 1.11fl IN).  ci:m Z.; 11 r.1 	1 t tinfk 

1. 1.1.1.11.1111jetal 	2. ILUIR11141U 	3. tt1.111Id11.11f1 	4. ttlitIMJ1.11fq5 
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86. lialflganTainalcufAaulunlvviorfauvanAptaill-oVi ttuuci 1 (a) 

1. 11151161ZI Ho  114q 	 2. 110/J61111-N1L!ilAfil 

3. n15qm-5 Ho  Olt:lflA,1 	 4. fii-InfloginlinTnovoll 

87. OIrJ9110111-15VNIVfallilfrYll41141115`.',14-ilTIMCiErljl t'lktlf11511i)419ilf11111,11111 A;11 

fr11f11514411rif19=l1L6IIIJ B GlaiDff3111F1.11111,111ail71 

1. Ho: P.A‹ 1_113 	 2. Ho: /IA < 	B 

H I . 11A /11B 
	

"1: [I A > 1-1 B 

3. H0: µ.A --= [tB 	 4. Ho: [LA > 

: [LA< [LB 	 H ] : [LA < P_B  

v  F11 1' atiValjatt-dn?T-dandll oliioauf'i'-iniu 88. - 90. 

1f11115r1-151Wintl-11-1f1-31111.1uplii-ruolvInCitl`1141-111. 2 i.7.111-)1-1 20 fill 

fina4liffliurrict-tejlii Will4f1 

2 8 

:3 1 

4 2 

5 3 

6 5 

8 1 

88. IVOMflaill-Iiit11111011it'lp14 

1.. 	2.00 	2. 	4.00 3. 5.00 4. 6.00 

89  '111F.JUF101.1n5:1W11Neliplgril 

1. 	3.50 	2. 	4.00 3. 4.50 4. 5.00 
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90. lialogafiimAanalginkiarru 

	

1. 3.50 	2. 4.00 	3. 4.25 	4. 4.50 

91. Tii'09TO1M511.1181.10:4811fiTatriht0:111118117in1.501-Plat 	2 52.14-iilfinvam:,'vfS'ulonal 

via Lu mni vu 

1. t - independent test 2. t - dependent test 3. F- test 	4. X2 - test 

416-'14 w.197vidaniltiivroilli)  on Wilt-111k 92. - 94. 

1. 	tcst 	 2. z- tcst 	3. F - test 	4. t - test 

92. rrii'tjalnisrifitnririou6i&mn-15 

93. rrifuhanisnlitnitilnyinizi-lo5. 2,14-iwaniintirmni5Citruil4-ntivitilliinil-

fillnt14 Ifl01115 111f1")111LULIS115111eU01115nflfl5 k1151:1):',t6On GIGhili'VI9M01.110 

94. rzritdalnlItiritnitcritnifrinittliA5TIVUOliinallilt%115 ,14'iillThetaiin't-TAMI 

4-MilD99;1661.1tIliffi,i1E1114-30i3DGUT1 rrA'ElTnEonchTgFiFilwmau 

f°11:111-114rfniuni5tif 	 emi'llf111910114101A 95.- 97. 

krii'aalt-n5rionntrimiAcivi'llV55ficuojnitp-Ttdionisiggrviru 

v 
ci-Jtaan 	1. qinfl -313J11 1) =,), 2) tjnoalma•olvofniu 

v 
2. 510f1111.11/1  1) Lta:.; 2) Nonwa44116f12131 

3. 110f1-111.111 1) V wnlEunflill1111 2) NO 

4. '15(0f1-J111111 1) f7f1 ill-i lDn'T11.111 2) cjn 

95. lin n 	) '61f115 61 9-! Ulri fiq 	 114cit'N't) 

bi 
ISIC-11t1,41-1f115 1.1111 1143-1C-1 flillItalllitr191 4 1114.1 

fr12111 2) 1.15:',ItYinfeuOliririfiqtia 	l'nuligiiiiii'flFT141.1.1-i1A-Aalfira-1.11) 

c c.4 
1111 YNC1150 [li 
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96.Of1119JI) €111-111@l4TO1f11549JA'')Otildifllilllif.141015n1114TEgit111-111-155it) 
L' 

409'11112) in5filourucTitilun15-Wriu!lunintmlltuoauEualfm- -Itt-i5inl 

fl -mAqvilim- 54‘wAinhliityitigun-mtwiaa1141119-m. 

97. '1910f1-)13.1 1) pujlvantyualn-i5orn15-ioron-15- 5i'ti g8tliDalfl'ill1Naf11511,f151fli?  

i;111Atnfilif11111i1OVI'lln5fidGuaAntlp-Tg-mn1514cilvnu 

6u'afi-119i 2) vi8;f1111SrGUEriAni5oilihiti 

amfwillinfrot-A 

1111,14T-igarAfinsucilAT dmi'llfn0fliffilf111191)11 98.- 100. 

A A oof 

1. 'Icak5057WJ 

3. --Yviqi1-3- tnli'n-151,,in 

2. 1_15ninitql4-1f115 -1i't) 

4. Vc113,1F1111411155i'ti 

98. 1115Piri1414-RFVfli 1 Cit11-11/11113(17(1)14f. 	 Ndtt41 fiV'11,1ii 100 	01.-1 -4trAitTh 

MI Mil] 4 MAT 4110f1-311.16:1f11-filllfilJKA0f11G1 

99. f) -1511.i'artnphtuuni5vraudAatiitaifrnlrrii'amillntrawmfol1011illtitil4 

100. 115Fj,'Rlli11111f115014.1101f111. 51a011.1TEOURnwicivaultli5lii0V.q.114:-WILn Eli 

Lt -eitT11-111itij '1)1DM13.1411fli-a41l,lf19J4Y--AtSafiln 

eeeeseeeee 
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