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Sudaratana Hualmukda. (2007). Efficiency of a-Stratified Computerized Adaptive Testing
under Different Conditions Using Simulative Data. Dissertation, Ed.D. (Testing and
Measurement) Bangkok : Graduate School, Srinakharinwirot University. Advisor
Committee : Assoc. Prof. Dr. Boonchird Pinyoanuntopong, Assoc. Prof. Dr. Somsan

Wongyounoi, Assist. Prof. Dr. Ongart Naiyapatana.

The purpose of this research was to investigate the estimative efficiency and item
utilizable efficiency of a-stratified computerized adaptive testing with different number of
items in the item pool, item pool sizes, test lengths, and item exposure control. It was done
by the use of simulative data of true abilities of 5,000 samples selected by normal curve
distribution random sampling. The data were then tested according to the procedures of a-
stratified computerized adaptive testing developed by the researcher under four conditions
of independent variables. 1) The number of items in the item pool was different in four
ratios: 1.1 the ratio of item number in every stratum was equal (1:1:1:1), 1.2 the ratio of
item number in first stratum was more than other strata (2:0.5:0.5:1), 1.3 the ratio of item
number in last stratum was more than other strata (1:0.5:0.5:2), 1.4 the ratio of item number
in first and last strata was more than other strata (1.5:0.5:0.5:1.5). 2) The item pool was in
four different sizes of 200, 400, 600 and 800 items. 3) The test length was in three different
levels of 20, 32 and 44 items. 4) The item exposure was controlled and uncontrolled. The
estimative efficiency and item utilizable efficiency were examined by using mean square
error and average bias, item overlap rate, overexposed items, underutilized items, and item
exposure rate distribution.

The findings of research were as follows.

The increased number of items in item pool stratum, especially the use of
increased items in the stratum with high discrimination, and the increased item pool could
help reduce the mean square error and average bias, the item overlap rate, and
overexposed items. They however increased the underutilized items. The arrangement of
equal number of items in item pool stratum could provide the balance of item exposure rate
distribution better than other methods. The increased item length could reduce the mean
square error and average bias, and underutilized items. It increased item overlap rate and
overexposed items. The item exposure control could reduce mean square error and
average bias, and underutilized items. It increased item overlap rate, and overexposed

items. At the same time, it provided the balance of item exposure rate distribution.
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Tisunsy sUuy wMstlsznam Aaun
BICAL 1 PL Unconditional Wright; & etal (1979 ) ;
( replaced by BIG- Maximum Likelihood Wright; & et al ( 1989 )
SCALE )
MICROSCALE 1 PL Unconditional Mediax Interactive
Multicategory Maximum Likelihood Technologies ( 1986 )
PML 1 PL Conditional Gustafsson ( 1980a )
Maximum Likelihood
RASCAL 1 PL Unconditional Assessment Systems Corp.
Maximum Likelihood (1988)
RIDA 1 PL Conditional or Marginal ~ Glas ( 1990 )
Maximum Likelihood
ANCILLES 3 PL Heuristic Urry (1974, 1978 )
ASCAL 1 PL,2PL,3PL Modified Bayesian Assessment Systems Corp.
(1988)
LOGIST 1PL,2PL,3PL Unconditional Wingersky ( 1983 )
Maximum Likelihood Wingersky; & et al.( 1982)
BILOG 1PL,2PL,3PL Marginal Mislevy; & Bock (1984 )
Maximum Likelihood
NOHARM 1PL,2PL,3PL Least Squares Fraser; & McDonald
(1988)
MULTILOG Multicategory Thissen ( 1986 )
MIRTE 1PL,2PL,3PL Unconditional Carlson ( 1987)

Maximum Likelihood

31: Hambleton Ronald K.; Swaminathan H.; & Rogers H. Jane. (1991). Ability and Item Parameter

Estimation. in Fundamentals of Item Response Theory. p. 48-50.
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2. ManaaeunuuUSuvaNg ( Adaptive testing )
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N Vispoel, Waiter P. (1999). Creating Computerized Adaptive Tests of Music Aptitude :

Problems, Solutions, and Future Directions. in Innovations in Computerized Assessment.

p. 151-176.
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3.5 Mstaenteaey ( Item Selection )
52@NTNMNVBIVUNAFBVLUUVUTVIHVIZWIITAUIN LVUNAFUUDVUT UHZN

0 9

IR aumaneInuauamnsovesddoumniga laolddodousuautios (Lunz; Bergstrom;

o 1 Y

. v & A Yy Y R oA o v

& Wright. 1992) @i mstaenlddedeundazdevaianudidgysonsnaden Jodeuszln
asaumsgagailoliainuen (b) Indifssmnnuamnsovesdaoumniga msnesuun
J -4 A o 1 o ' o
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a 4 ]
AT UazADIA ( Davis; & Dodd, 2003 citing Parshall; & et al. 1998 ) a;ﬂﬁmywmami
A 9 1 d' Y ] o 1 9 ~ [
endoaaud o lianuuiudlumsdssmnamanuansoveddeuuiniga 1INy
Y
anuilasadvuestoasy uazinuaugailoMuUNAToUNS oUNUAIY
as A 9 1 an Y LY 1 [ 9 1
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A 9 Y [ A 9 . A ax
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( Eggen. 2001 : Online )
= Y a Jo . . Qddy
MsaenToael IaeN1Ta1NHINFUAITAUNA ( Information Function ) JBUEINITO
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. . A v an N . . A Yo =
Information Item Selection ) N1ADNVOADUITIULLYY ( Bayesian Item Selection ) UANINITANY
(% dyd
fail Ao
3.5.1 ﬂﬁlﬁﬁ]ﬂ%@ﬁﬂﬂ%%ﬁﬁﬁumﬁq\‘lqﬂ ( Maximum Information Item Selection )
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Anvamsnazanas Mldanlszunuanuawnsadilndmanuaninswesddouninige

msidendedoumsaumagaga lumsnageuuuvlSummelianuuiudriien ldanumsnageu

a 1 o 1 A~ 4 1 A,
l¥nszapuazauaoualdiuiudoaeuilosnii 60 wosidud nssususzninIsasauma

A,

o =1 1 A 9 1 as ] A 9 99y [ d < 4
AFANUITNITFNADNUDADY WU a‘ﬁmiqmaanmaaaﬂwaaeumnmw 20 1osisua ag

e =9}

galianugndeslumsisznamanuawnsovesdaoudosninnsasaumagege (EBggen; &
Straetmans. 2000 )
U v a, L [ a, 4 4 Q'
PagiumsidendeasuItarsaumagegalszgnd ldnumsidendedouiouq oy
dszansamlumadendeasy 1dun mudendeasulasldmasaumalagsiumas ( Kullback
-Leibler Information : KLI ) [ ( Chang; & Ying. 1996 ) ; ( Eggen. 1999 ; citing Cover; & Thomas.
A v Y aa JY A Y . L.
1991) ] mimﬁ]ﬂGUE]ﬁ’E]“lJﬂjﬂjﬁlﬂm“ﬂﬂliﬂlﬂﬁlﬂﬂaﬂﬁm ( Nearest-Neighbors Criterion ) ( Cheng;
. an Iy = YA IS an = 4 am
& Liou. 2003 ) Antnandnafeslnangailumssrudtasaumaggavesimsesiazisninim
9 . . Y Yyy o i = as A 9
eAYRFOUIMINZ Y ( Optimal Item Difficulty ) 1911 3d2eMy wenani msAnu1Isiaenyeasy
vinensaumandegaga 1h 1o uaaeanlszununnuansoszrinmsidondedon 1wy
¢ S v o . . L ¢ e
mmmmﬁaumﬁﬁmumuﬂmﬂﬂ ( General Weight Information Criterion ) NN TTUNABINYU
¢ S v & S .
( Interval Information Criterion ) @z namasaumeautimiindulyl1a ( Likelihood Weight
Information Criterion ) ( Veerkamp; & Berger. 1997 )
A Y ad N . .
3.5.2 MSRNUDADUITIULYYY ( Bayesian Item Selection )
Qddyd 9 Aq ¥ 1 9 9 =
FsHenveasun Inanuuilsiiuvesmsdssmnamnnuausovedddoutsenga
Ja A o o 9 A 9 9 Aw a
mydszgndisigeudmsuldlumsidendeasy wulaluauiseves nu e auau (van der
Linden. 1998 ) [ 1&un Maximum Expected ( Posterior Weighted ) Information ]
A Y 3 ad ag A Y ad |
MIABNTO Ao UNITATAUNAGIZALAZITNIDONTB AR UITILITIY A 1U1TDAAAIIY
A 0o w A vy o axg ¥ A9 ya o A
amaasuMaaeunaela 19 2 35 Winamsaenveasulndifesnuiionnueuuunagey
nniigane ManadeutuUlsumunzamsa 1t asaumageganaz susoulumsnadoy
Y
@y WuluRanuITeUDd 11U 19D a1AY (van der Linden. 1999 ) uen1nt msanylSey
MeuITmsdenveaeudianunsanyla luamIfea19e ( Thissen; & Mislevy. 1990 : 111-114) ;
( Schnipke; & Green. 1995 ) ; ( Chen; Ankenmann; & Chang. 2000 )
am A 9 Yo [} da' Y 1 ax o Y
Fmadenveaeu ldsuanuaulaliuiuuntd 1dun IFmsnaaeunvvilsumunzdie
a 4 o 3 ) o . =
ADUNAADITAINTTAVTUYBIAI8IUIIILUN ( a-Stratified Method : a-STR ) taue 1ag 19 Liag 84
A [ [ [~ z ) o 1
( Chang; & Ying. 1999 ) m3snaaauizuntlendedeasyoonduduaumsiuins uunuaziiia
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3.6 M3yszanamnuEINse (Ability Estimation )
msUfiamsnaaeunuvlsummzamgEmMIneudeaey wamsnoudoapULAz
A sy o o ' S o A o v A
windwesvodouazii ldwnummlsznaanuamnsaasdegameildlglunsiden
9 9 1 an 1 [~ ax A
Jodoudoas 11 Bmsilszinamanuaunsouiuiy 2 35 Ao
an 1 <3| Y . . . . -
3.6.1 MBdszmnmannmiuly1dgega (Maximum Likelihood Estimation : MLE )
an 1 < a 4 1 <
Wiszmumanuduldldgega aunsaldmstmesdeasunoudraiugl
A o 2 Y Y1 Y A !
aunfugduumumgugmsaevdedey waglnanlssnaanuansalndmesiinnuaunse
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1vvesdaeuuiniiga A5Uszuimarnnduldldgegaianuiinnazdsgd@nsam
( Hambleton; & Swaminathan. 1985 : 76-91 ) UAAIMITONUVEIINAVIYTEMT ( Meijer; &
' J v <3| i
Nering. 1999 ; citing Lord. 1983 ) laun goalasvesilenduninudluly’ld ( Likelihood ) vzl
<3| a 4 a’/‘ a c?/’ '
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1 U o | g’ o
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A f o 1A, 1 I = yd :
gaga A5 ldawddeniosniiUszanamanuiiulylldgege vazldisiidumadonnils
4 09.: 1 v A 1 S
weguyuazuuinliaunsaldldnuitdszanannnuiullIdgega ( Meijer; & Nering.

1999 ; citing Warm. 1989 )
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ad 1 d‘ . . .
3.6.2 5UszuIUA NI ( Bayesian Estimation )
ax 1 ~ ) ] 9 [ 9 a 4 9 1
WilsznaaudeudmsulFlumsnasevuuulSummnzatsnsuiuaes 1dun
1 @ % 4
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v Y
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A I 1 I
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3.7 Mm3tandteaoy (Item Exposure )
Y < v 9 A A Y o QY 1y Y YR ax A
msuaasdeaeuilumsiadoasuiidumsidonudrialiundaou 819180935 maden
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3.7.1 ﬂﬁhlll'ﬂ’mﬂuﬂﬁlm’ﬂ\‘lﬂal}ﬁlﬁﬂﬂ ( Uncontrolling Item Exposure )
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1 o 1 I Aa o
MIAsNdeUMIITedouautildlas Anvgduuumsseudeaeunazuuuiuglainy
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ANuNgIaTIuaNNd Ay lumslssiiuguaInuuunaaoy uuIAAUDIAIIY
A Y = ] 1 Y Y g
Means19190Ims g Mslvanurue uazmslslse Teminnazuuutuunadony Ay
~ I~ o { ]
MesassveansnaaeviIudunszuiumssrusiunangiuiveativayudoagdurnlszms
. . .. v ' Y ' o dy
( American Psychological Association. 1985 ) %mﬂuﬂqu‘lﬂ 3 NQU AU
1 a 4 3 A
1. ﬂ?”lmﬁﬂ\iﬂﬂwﬂlﬁﬂﬁﬂ Content-Related Evidence of Validity ) Wuduand
v W J 1 g o do .
YUIAANMNAUHUTIZH IV VIVAIT 01 IVBIUVUNATOUAUYALTZAIANIMUA (American
Psychological Association. 1985 ) M INUTUNVOIMTNAFOUUUVUTUIMINEG AMNEIATUTY
dy o @ v 9 A 9 I ¥ dy 9 A
iWeninszilasdanaaveaaunazmsiaenyeaould lAveuvailaIaA1NA0dns N15LA0N
D) 9 T £ "y , & Yy o A
doaovizans luldsunuanizmzasveauion uaszdodlianaaiion ldwiouniu e
9 ' Yo 9 I A o dy 1A o . .
ﬁ_jﬁammaxﬂu"lﬂsmaﬁam‘ﬂummumtmmammmuammmnsmﬂu ( Steinberg; Thissen &
Wainer. 1990 : 189 )
{ o 2 A
2. ANUNIATINNNUDN ( Criterion-Related Evidence of Validity ) Wuduang

v o J 1 @ d o . .
VYUIAANUAUWUTICHINASHUULVUNATDUAUDUNNIYIUA  ( American  Psychological



55
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Overlap = 8aTimanudeudoaon * ve x10°+1.99 x 10°  Ulitem = voaouiiimsuaasnmiuly

y ° ' 3 o
Oitem  =doaouniiimaldm 7 =mlagumsuasamsuenuassanmsudasdoden
a = Me1Iueuun
a-STRI = I5msnaaeuuuudiumingdlsneuiunesaussduduussnsinasumn

ﬁmuﬂé”m1dauﬂ°1mm’faﬁauwhﬁunﬂ§u

a-STR2 = I5Msnaaeuuuulfumumzdlsnouiimos museAuFuveIms s Lun
Smuasasdminaude eI AN LAY

a-STR3 = I3MINAaoUMUUUSUHMINZAI0ADNRINDI MNTLAUTUVDIMSINTUA
fmuasandnsnoudeaeudugaimonaniuy

a-STR4 = I5MINAdoUMUVUSUHMINZAIIADNRINDT MNTLAUTUVDIMSINT U

E Ed Ed .
fnuasandiusuteasusunsnuazFugaonnndudu
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QOWLLUﬂﬁlﬂilﬁjﬂﬂTiﬂ'J‘]JﬂiJﬂWﬁLlﬁﬂ\‘]‘fl}’ﬂﬁfl‘ﬂ ﬂluTﬂﬂéj\i‘lsl}’f)ﬁ'ﬂ‘U 800 "’lal)f] ANVYNLUUNATOU

32 10

WaNINAToU

Soulumsnads MSE A.Bias Overlap U.item O.item )(Z
a=0.5 1.253 -.684 579 193 7
a-STR1 a=1.0 466 -344 519 198 2
34371
1:1:1:1 a=1.5 250 -236 559 200 0
N a=2.0 153 -.146 .539 200 0
o
2 a=0.5 1.254 -.670 .009 396 4
@
T a-STR2 a=1.0 489 -320 840 91 9
i 56.412
S 2:0.5:0.5:1 a=1.5 267 -232 820 100 0
=3
< a=2.0 154 -150 489 200 0
@
2 a=0.5 1.225 -.661 .569 197 3
(=)
2 a-STR3 a=1.0 497 -370 800 97 3
T 72.142
RS 1:0.5:0.5:2 a=1.5 278 -252 770 98 2
F
ge a=20 147 159 019 400 0
&
é a=0.5 1.260 -.661 339 296 4
a-STR4 a=1.0 453 -293 840 93 7
61.972
1.5:0.5:0.5:1.5  a=1.5 283 -.246 810 97 3
a=2.0 156 -.167 289 300 0
MSE — AuAAIANADUR IS e UREY ABias =anududounie

Overlap = 8asIMssTudoudoden * miie <10°+1.99x 10 Uitem = Yomevuiiimsuaaunmin’ly
Oitem = foaoudifingldi 7 =alagumsugainisuenuesdasimsudastoaoy
a  =a181uduun

a-STR1 = I5MsnadeusuvlsumnzalenouiimesmuseAUTuveInIs 1199 U
ﬁmuﬂé”m1dauﬂ°1mm’faﬁauwhﬁunﬂ§u

a-STR2 = I5MInaao iUl UMz Aeaouime s MuTzAUF VIS 1LUA
Smuasad i naude eI nuINn LAY

a-STR3 = 35MINAaoUMUUUSUHMINZAI8ADNRINDT MNTLAUTUVDIMSINTUA
fmuasandnsoudeaeudugaimonnnhiusy

a-STR4 = I3MINATo MUV UHMIIZAIIADNRINDI MNTLAUTUVDIMSINT U

E Ed Ed .
fnuasandiusuteasusunsnuazFugaionnnidudu
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$UUN VUIAAGITOAU 800 U0 ANUSLUUNATDY 44 0

NaNITNadaoU

Soulumsnads MSE A Bias Overlap U.item O.item )(2
a=0.5 1.189 -.666 661 196 4
a-STR1 a=1.0 427 -331 719 195 5
61.418
1:1:1:1 a=1.5 239 -.245 654 200 0
N a=2.0 144 -.166 712 200 0
<
3 a=0.5 1.293 -715 290 396 4
@
S a-STR2 a=1.0 458 -.364 850 83 17
i 75.060
S 2:0.5:0.5:1 a=1.5 259 -.249 850 91 9
=3
c a=2.0 146 -170 712 200 0
@
it a=0.5 1.270 -.690 719 195 5
(=)
2 a-STR3 a=1.0 457 -358 858 85 15
2 123.287
_;g 1:0.5:0.5:2 a=1.5 251 -.240 836 92 8
F
aé a=2.0 134 -.169 363 400 0
&
é a=0.5 1.293 -730 450 296 4
a-STR4 a=1.0 461 -374 829 91 9
92311
1.5:0.5:0.5:1.5  a=15 250 -.256 872 99 1
a=2.0 132 -.168 472 300 0
MSE = mmﬂmﬂmﬁauﬁﬁaﬁmmﬁﬂ A.Bias = ﬂ’JTiJﬁ”ILﬁENméEJ

Overlap = 8asIMsTuFoudodey * miie <10°+1.99x 10 Uitem = Jomeuiiimsuaaunmin’ly
Oitem = foaoudifingldi 7 =alagumsugainisuenuesdasimsudastoaoy
a  =a181uduun

a-STR1 = 35MsnadeusuulsumnzalenouiimesmuseAUTuveInIs 1199 U
ﬁmuﬂé”m1dauﬂ°1mm’faﬁauwhﬁunﬂ§u

a-STR2 = I5Msnaaeuuuulfumumzdlsnouiimos museAuFuveIms s Lun
Smuasasdminaude eI AN LAY

a-STR3 = I3MINAaoUMUUUSUHMINZAI0ADNRINDI MNTLAUTUVDIMSINTUA
fmuasandnsnoudeaeudugaimonaniuy

a-STR4 = I5MINAdoUMUVUSUHMINZAIIADNRINDT MNTLAUTUVDIMSINT U

E Ed Ed .
fnuasandiusuteasusunsnuazFugaonnndudu
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44 Vo

WaNINAToU

Soulumsnads MSE A.Bias Overlap U.item O.item )(Z
a=0.5 1.133 -.599 .683 193 7
a-STR1 a=1.0 472 -.391 .698 196 4
35.506
1:1:1:1 a=1.5 226 -228 676 200 0
ag a=2.0 134 -.130 712 200 0
<
; a=0.5 1.146 -.655 .290 395 5
@
g a-STR2 a=1.0 423 -.298 887 93 7
i 58.001
S 2:0.5:0.5:1 a=1.5 256 -210 .887 88 12
=
P a=2.0 145 -.157 .690 200 0
@
ag a=0.5 1.265 -.687 719 191 9
o
;o a-STR3 a=1.0 428 -.301 880 82 18
g 105.944
R 1:0.5:0.5:2 a=1.5 265 -.235 .850 91 9
F
ge a=20 133 147 319 400 0
=
é a=0.5 1.115 -619 450 295 5
a-STR4 a=1.0 436 -271 858 87 13
78.961
1.5:0.5:0.5:1.5  a=15 262 -.245 .858 95 5
a=2.0 137 -.159 501 300 0
MSE — AnunaIAnARUME @D UREY ABias =Anududeunan

Overlap = 8asIMssTudoudoden * miie <10°+1.99x 10 Uitem = Yomevuiiimsuaaunmin’ly
Oitem = foaoudifingldi 7 =alagumsugainisuenuesdasimsudastoaoy
a  =a181uduun

a-STR1 = I5MsnadeusuvlsumnzalenouiimesmuseAUTuveInIs 1199 U
ﬁmuﬂé”m1dauﬂ°1mm’faﬁauwhﬁunﬂ§u

a-STR2 = I5MInaao iUl UMz Aeaouime s MuTzAUF VIS 1LUA
Smuasad i naude eI nuINn LAY

a-STR3 = 35MINAaoUMUUUSUHMINZAI8ADNRINDT MNTLAUTUVDIMSINTUA
fmuasandnsoudeaeudugaimonnnhiusy

a-STR4 = I3MINATo MUV UHMIIZAIIADNRINDI MNTLAUTUVDIMSINT U

E Ed Ed .
fnuasandiusuteasusunsnuazFugaionnnidudu
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AT 47 ANVANIAIAADURIGIADUNTY ( Mean Square Error : MSE ) 1o @UgANITnaaouvoddsimue
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 212 212 211 - 206 - 210 -
200 32 234 - 195 - 173 - 197 -
44 .200 - 195 - 173 - 172 -
20 192 201 201 193 190 .186 195 197
400 32 176 170 172 - .166 .164 167 -
44 168 158 162 - .140 - .143 -
20 193 181 .186 .188 185 195 187 192
600 32 164 156 .168 167 154 158 154 159
44 152 155 .143 - 142 - 139 -
20 183 187 .189 192 182 185 186 .190
800 32 161 153 .163 154 155 147 157 156
44 144 134 146 145 134 133 132 137

-sH = limugumsudastoao

+SH = ﬂ’JUﬂqﬂJﬂﬁLLﬁﬂ\i%}ﬂﬁﬂ‘U
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M3 48 ANUSUDBUNDY ( Average Bias ) [H0AUTANITNATOUUBIITAINUA
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 -.173 -.176 -.184 - -.197 - -.185 -
200 32 -.226 - -.191 - -.156 - -.204 -
44 -.184 - -.155 - -.190 - -.193 -
20 -.146 -.161 -.185 -.152 -.170 -.158 -.175 -.165
400 32 -.168 -.168 -.175 - -.177 -.161 -.170 -
44 -.180 -.161 -.156 - -.163 - -.169 -
20 -.171 -.165 -.157 -.155 -.166 -.178 -.151 -.173
600 32 -.169 -.157 -.176 -.171 -.179 -.169 -.161 -.162
44 -.172 -.168 -.163 - -.161 - -.164 -
20 -.165 -.177 -.171 -.168 -.168 -.160 -.171 -.163
800 32 -.173 -.146 -.164 -.150 -.168 -.159 -.167 -.167
44 -.166 -.130 -.170 157 -.169 -.147 -.168 -.159

-sH = limugumsudastoao

+SH = ﬂ’J“]JﬂiJﬂ'lS!LﬁﬂQ“’?l’E]ﬁleJ
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M31949 Swmdeasuniimsuansninulyl ( Overexpose Item ) o @UgANINATOUYBIITAMUA
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 12 14 24 - 20 - 21 -
200 32 44 - 61 - 45 - 48 -
44 95 - 86 - 64 - 75 -
20 4 7 11 11 15 20 8 16
400 32 18 14 30 - 35 40 32 -
44 38 29 70 - 62 - 43 -
20 4 6 4 7 5 8 4 7
600 32 5 11 13 20 11 20 13 19
44 14 14 31 - 45 - 38 -
20 3 5 2 5 3 9 5 7
800 32 3 9 9 13 12 8 11 14
44 9 11 30 24 28 36 14 23

-sH = limugumsudastoao

+SH = ﬂ’J“]JﬂiJﬂ'lS!LﬁﬂQ“’?l’E]ﬁleJ

681
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M350 Tudeauiin1s19@1 ( Underutilized Item ) o@UgANINAF0UUYDIIBTMNHUA
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 188 186 176 - 180 - 179 -
200 32 156 - 139 - 155 - 152 -
44 105 - 114 - 136 - 125 -
20 396 393 389 389 385 380 392 384
400 32 382 386 370 - 365 360 368 -
44 362 371 330 - 338 - 357 -
20 596 594 596 593 595 592 596 593
600 32 595 589 587 580 589 580 587 581
44 586 586 569 - 555 - 562 -
20 797 795 798 795 797 791 795 793
800 32 797 791 791 787 788 792 789 786
44 791 789 770 776 772 764 786 777

-sH = limugumsuaasdeaoy +SH = arugumsuaaivoany

061
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 3.32 3.29 3.35 - 3.37 - 3.39 -
200 32 3.72 - 3.64 - 3.71 - 3.66 -
44 3.87 - 3.78 - 3.77 - 3.75 -
20 2.55 2.54 2.54 2.54 2.54 2.67 2.47 2.52
400 32 3.07 3.13 3.25 - 3.16 3.14 3.14 -
44 3.39 343 3.37 - 3.38 - 3.37 -
20 1.74 1.88 1.79 1.72 1.87 1.72 1.70 1.71
600 32 2.57 2.57 2.74 2.54 2.75 2.79 2.51 2.59
44 3.05 3.05 3.05 - 2.98 - 3.03 -
20 0.89 1.02 1.11 0.90 0.87 0.90 0.90 1.08
800 32 2.17 2.19 2.09 2.15 2.26 2.14 1.98 2.27
44 2.74 2.76 2.70 2.75 2.77 2.76 2.62 2.66

* mluaseguaie 10° vandae 1.99 < 10°

-sH = himugumsuaastodou

+SH = AUAUMs Ao a0

161
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3%/ manugu

) a-STR1 a-STR2 a-STR3 a-STR4
msuanideany
. -SH +SH -SH +SH -SH +SH -SH +SH
ynandedean /
AU NATBY
20 15.50 17.00 28.87 - 48.50 - 31.91 -
200 32 23.07 - 37.96 - 68.16 - 45.03 -
44 24.05 - 43.78 - 84.24 - 49.99 -
20 36.76 18.95 39.91 39.46 63.07 57.19 46.51 42.11
400 32 32.88 22.13 46.81 - 81.91 73.64 54.52 -
44 39.61 21.87 48.26 - 89.60 - 66.66 -
20 39.31 20.54 47.07 36.63 65.94 51.64 56.97 41.16
600 32 42.52 25.01 57.28 40.91 85.55 83.37 65.76 62.34
44 51.04 27.63 59.24 - 116.57 - 74.41 -
20 53.27 27.17 56.99 42.18 80.54 57.42 46.97 49.83
800 32 59.83 34.37 71.79 56.41 94.04 72.14 84.74 61.97
44 61.41 35.50 75.06 58.00 123.28 105.94 92.31 78.96

-sH = limugumsuaasdedoy  +SH=aiugumsuanidoaon

61
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(Y} a d U g’l ) o
ﬂ1Tnﬂﬁﬂ‘lJl!‘lJ‘lJﬂﬁU!ﬁﬁJ'lgﬁelj'Jﬂﬂi’)ﬁJW’J!ﬂﬂﬁﬂ1N§$ﬂﬂ‘ﬂumﬂﬂd1ﬂ1u1ﬂﬂ1!!‘”ﬂ

MHSVVIANGIVIEOU 400 VauaZ ANNLIIMUUNATIL 20 Vo

1000 CLS

1020 REM "ss1-72. dat" PREPARATION
1040 DIM ftheta(5000)

1060 OPEN "ss1.dat" FOR INPUT AS #1
1080d=1

1100 IF EOF(1) THEN 1180

1120 INPUT #1, ftheta(d)

1140d=d+1

1160 GOTO 1100

1180 CLOSE #1

1200 REM "sc1-72. dat" PREPARATION
1220 DIM theta(5000)

1240 OPEN "scl.dat" FOR INPUT AS #1
1260d=1

1280 IF EOF(1) THEN 1360

1300 INPUT #1, theta(d)

1320d=d+1

1340 GOTO 1280

1360 CLOSE #1

1380 REM "bs.dat" PREPARATION
1400 DIM b1(3000)

1420 OPEN "bs.dat" FOR INPUT AS #1
1440 e=1

1460 IF EOF(1) THEN 1540

1480 INPUT #1, bl(e)
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1500e=e+1

1520 GOTO 1460

1540 CLOSE #1

1560 REM ITEM PREPARATION

1580 DIM bb(4, 100)

1600 FORi=1TO 4

1620 IF i=1 THEN OPEN "bb1.dat" FOR INPUT AS #1
1640 IF i =2 THEN OPEN "bb2.dat" FOR INPUT AS #1
1660 IF i =3 THEN OPEN "bb3.dat" FOR INPUT AS #1
1680 IF i =4 THEN OPEN "bb4.dat" FOR INPUT AS #1
1700 g=1

1720 IF EOF(1) THEN 1800

1740 INPUT #1, bb(i, g)

1760 g=g+1

1780 GOTO 1720

1800 CLOSE #1

1820 NEXT i

1840 REM ADJUSTED FREQUENCY AS ZERO

1860 DIM ffb(4, 100)

1880 FOR i=1TO 4: REM LEVEL

1900 IF i = 1 THEN gg =100

1920 IF i = 2 THEN gg = 100

1940 IF i=3 THEN gg =100

1960 IF i=4 THEN gg =100

1980 FOR g=1TO gg

2000 ffb(i, g) =0

2020 NEXT g

2040 NEXT i

2060 FORi=1TO 4

2080 sdiff(i) = 0

2100 mdiff(i) = 0



2120 share(i) =0

2140 un(i) =0

2160 ov(i) =0

2180 NEXT i

2200 REM ENTRY POINT DETERMINATION
2220 FOR d=1 TO 5000

2240 a=1

2260 c=.2

2280 big=.5

2300 snu=0

2320 sud=0

2340 the = theta(d)

2345 REM FIND THE NEAREST VALUE FOR THETA-BB
2350k=1

2355 min = ABS(the - b1(k))

2360 FOR e =1 TO 3000

2365 diff0 = ABS(the - bl(e))

2370 IF min < diff0 THEN GOTO 2385

2375 IF min >= diff0 THEN k=¢

2380 IF min >= diff0 THEN min = diff0
2382ee=¢

2385 NEXT e

2400 devl = a * (the - bl(ee))

2420 phatl = 1!/ (1! + EXP(-dev1))

2440 ptl =c + (1! - ¢) * phatl

2460 REM PROTECT AGAINST DIVIDE BY ZERO
2480 IF (pt1 <.00001) THEN ptl =.00001

2500 IF (ptl >.99999) THEN ptl =.99999

2520 RANDOMIZE TIMER: rnuml = RND(1#)
2540 IF rnum1 >= pt]l THEN uijl =1

2560 IF rnum1 < ptl THEN uijl =0

195



2580 IF uijl = 1 THEN b2 =bl(ee) + 2

2600 IF uijl =0 THEN b2 =bl(ee) - 2

2620 IF b2 >3 THEN b2 =3

2640 IF b2 <-3 THEN b2 =-3

2660 dev2 = a * (the - b2)

2680 phat2 = 1! / (1! + EXP(-dev2))

2700 pt2 =c + (1! - ¢) * phat2

2720 REM PROTECT AGAINST DIVIDE BY ZERO
2740 IF (pt2 < .00001) THEN pt2 = .00001

2760 IF (pt2 >.99999) THEN pt2 =.99999

2780 RANDOMIZE TIMER: rnum2 = RND(1#)

2800 IF rnum?2 >=pt2 THEN uij2 = 1

2820 IF rnum?2 < pt2 THEN uij2 =0

2840 IF uij2=1 THEN b3 =b2 + 2

2860 IF uij2=0 THEN b3 =b2 -2

2880 IF b3 >3 THEN b3 =3

2900 IF b3 <-3 THEN b3 =-3

2920 dev3 = a * (the - b3)

2940 phat3 = 1! / (1! + EXP(-dev3))

2960 pt3 =c + (1! - ¢) * phat3

2980 REM PROTECT AGAINST DIVIDE BY ZERO
3000 IF (pt3 <.00001) THEN pt3 =.00001

3020 IF (pt3 >.99999) THEN pt3 =.99999

3040 RANDOMIZE TIMER: rnum3 = RND(1#)

3060 IF rnum3 >= pt3 THEN uij3 =1

3080 IF rnum3 < pt3 THEN uij3 =0

3100 IF (uijl = 0) AND (uij2 = 0) AND (uij3 = 0) THEN GOTO 2300
3120 IF (uij1 = 1) AND (uij2 = 1) AND (uij3 = 1) THEN GOTO 2300
3140 zz=0

3160 dev = a * (the - bl(ee))

3180 phat=1!/ (1! + EXP(-dev))
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3200 pt =c¢ + (1! - ¢) * phat

3220 REM PROTECT AGAINST DEVIDE BY ZERO
3240 IF (pt <.00001) THEN pt=.00001

3260 IF (pt >.99999) THEN pt =.99999

3280 wij = pt * (1 - pt)

3300 vij =uijl - pt

3320 psp = phat / pt

3340 snu=snu + a * vij * psp

3360 sud =sud + a2 * wij * psp * psp

3380 dev = a * (the - b2)

3400 phat= 1!/ (1! + EXP(-dev))

3420 pt=c + (1! - ¢) * phat

3460 REM PROTECT AGAINST DEVIDE BY ZERO
3480 IF (pt <.00001) THEN pt =.00001

3500 IF (pt >.99999) THEN pt =.99999

3520 wij = pt * (1 - pt)

3540 vij = uij2 - pt

3560 psp = phat / pt

3580 snu=snu +a * vij * psp

3600 sud =sud +a "2 * wij * psp * psp

3620 dev = a * (the - b3)

3640 phat = 1!/ (1! + EXP(-dev))

3660 pt=c + (1! - ¢) * phat

3680 REM PROTECT AGAINST DEVIDE BY ZERO
3700 IF (pt <.00001) THEN pt=.00001

3720 IF (pt >.99999) THEN pt =.99999

3740 wij = pt * (1 - pt)

3760 vij = uij3 - pt

3780 psp = phat / pt

3800 snu =snu +a * vij * psp

3820 sud=sud +a " 2 * wij * psp * psp

197
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3840 REM PROTECT AGAINST DEVIDE BY ZERO
3860 IF (sud <.00001) THEN sud =.00001
3880 delta = snu / sud
3900 IF ABS(delta < big) GOTO 3960
3920 REM PROTECT AGAINST BIG CHANGE IN THETA
3940 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF
3960 the = ftheta(d) + delta
3980 IF ABS(delta <.05) THEN GOTO 4100
4000 zz=2zz + 1
4020 IF zz=5 GOTO 4100
4040 snu=0
4060 sud =0
4080 GOTO 3160
4100 IF the > 3! THEN the = 3!
4120 IF the <-3! THEN the = -3!
4140 REM DATA PREPARATION
4160 DIM ever(4, 100)
4180 FORi=1TO 4
4200 FOR g =1 TO 100
4220 ever(i, g) =0
4240 NEXT g
4260 NEXT i
4280 ¢ =0!
4300 pl =400: REM ITEM POOL
4320 f=.5
4340 FORi=1TO 4: REM LEVEL

4360 IF i = 1 THEN gg = 100



4380 IF i = 2 THEN gg = 100
4400 IF i = 3 THEN gg = 100
4420 TF i = 4 THEN gg = 100
4440 a=f
4460 t1=5

4480 FOR 1=1 TO tl: REM TEST LENGTH

4500 REM FIND THE NEAREST VALUE FOR THETA-BB

4520k =1

4540 min = ABS(the - bb(i, k))

4560 FOR g=1TO gg

4580 IF ever(i, g) = 1 THEN GOTO 4700
4600 diffo = ABS(the - bb(i, g))

4620 IF min < diff0 THEN GOTO 4700
4640 IF min >= diff0 THEN k=g

4660 IF min >= diff0 THEN min = diff0
4680 gx =g

4700 NEXT g

4720 ever(i, gx) =1

4740 REM a-STR EXAMINATIOM
4760 dev = a * (the - bb(i, gx))

4780 phat = 1!/ (1! + EXP(-dev))

4800 pt=c + (1! - ¢) * phat

4820 REM PROTECT AGAINST DIVIDE BY ZERO
4840 IF (pt <.00001) THEN pt =.00001
4860 IF (pt >.99999) THEN pt =.99999
4880 RANDOMIZE TIMER: rnum = RND(1#)
4900 IF rnum >= pt THEN uij = 1

4920 IF rnum < pt THEN uij =0

4940 zx =0

4960 dev = a * (the - bb(i, gx))

4980 phat= 1!/ (1! + EXP(-dev))
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5000 pt =c¢ + (1! - ¢) * phat
5020 REM PROTECT AGAINST DIVIDE BY ZERO
5040 IF (pt <.00001) THEN pt=.00001
5060 IF (pt >.99999) THEN pt =.99999
5080 wij = pt * (1 - pt)
5100 vij = uij - pt
5120 psp = phat / pt
5140 snu =snu + a * vij * psp
5160 sud =sud + a2 * wij * psp * psp
5180 REM PROTECT AGAINST DIVIDE BY ZERO
5200 IF (sud <.00001) THEN sud =.00001
5220 delta =snu / sud
5240 IF ABS(delta < big) GOTO 5300
5260 REM PROTECT AGAINST BIG CHANGE IN THETA
5280 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF
5300 the = ftheta(d) + delta
5320 IF ABS(delta <.05) THEN GOTO 5440
5340 zx =zx + 1
5360 IF zx =5 GOTO 5440
5380 snu=0
5400 sud =0
5420 GOTO 4960
5440 IF the > 3! THEN the = 3!
5460 IF the <-3! THEN the = -3!
5480 REM CALCULATE FREQUENCY
5500 IF ever(i, gx) = 1 THEN ffb(i, gx) = ffb(i, gx) + 1

5520 g =gx
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5540 NEXT 1

5560 REM DEPENDENT VARIABLE VALUES

5580 REM BIAS CALCULATION

5600 sdiff(i) = sdiff(i) + (the - ftheta(d))

5620 IF d = 5000 THEN bias(i) = sdiff(i) / 5000

5640 IF d = 5000 THEN PRINT TAB(1); "level ="; i; TAB(15); "bias = "; bias(i); TAB(40);
"sdiff ="; sdiff(i)

5680 IF d = 5000 THEN LPRINT TAB(1); "level ="; 1i; TAB(15); "bias ="; bias(i); TAB(40);
"sdiff ="; sdiff(i)

5700 REM MSE CALCULATION

5720 mdiff(i) = mdiff(i) + ((the - ftheta(d)) " 2)

5740 IF d = 5000 THEN mse(i) = mdiff(i) / 5000

5760 IF d = 5000 THEN PRINT TAB(1); "level ="; i; TAB(15); "mse = "; mse(i); TAB(40);
"mdiff = "; mdiff(i)

5780 IF d = 5000 THEN LPRINT TAB(1); "level ="; i; TAB(15); "mse = "; mse(i); TAB(40);
"mdiff = "; mdiff(i)

5800 IF d <> 5000 THEN GOTO 6160

5820 REM ITEM EXPOSURE CALCULATION

5840 FOR g=1TO gg

5860 tg = (ffb(i, g) / 5000)

5880 IF tg <= .2 THEN un(i) = un(i) + 1

5900 IF tg > .2 THEN ov(i) = ov(i) + 1

5920 NEXT g

5940 PRINT TAB(1); "level = "; i; TAB(15); "underrate = "; un(i); TAB(40); "overrate = "; ov(i)

5960 LPRINT TAB(1); "level ="; i; TAB(15); "underrate = "; un(i); TAB(40); "overrate = "; ov(i)

5980 REM OVERLAP CALCULATION

6000 FOR g=1TO gg

6020 sv = FIX(ffb(i, g) / 2)

6040 share(i) = share(i) + sv

6060 NEXT g

6080 np(i)=(tl *d*(d-1)/2)
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6100 overlap(i) = share(i) / np(i)

6120 PRINT TAB(1); "level ="; i; TAB(15); "share = "; share(i); TAB(40); "np ="; np(i);
TAB(60); "overlap ="; overlap(i)

6140 LPRINT TAB(1); "level ="; i; TAB(15); "share = "; share(i); TAB(40); "np ="; np(i);
TAB(60); "overlap ="; overlap(i)

6160 f=f+.5

6180 NEXT i

6200 NEXT d

6220 REM CHI-SQUARE CALCULATION

6240 schi=0

6260 tr = ((tl * 4) / pl)

6280 FORi=1TO 4

6300 FOR g=1TO gg

6320 tg = (ffb(i, g) / 5000)

6340 wr = ((tg-tr) " 2) / tr

6360 schi = schi + wr

6380 NEXT g

6400 NEXT i

6420 PRINT TAB(1); "chi-square = "; schi

6440 LPRINT TAB(1); "chi-square ="; schi

6460 END
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1000 CLS

1020 REM "eel-36. dat" PREPARATION
1040 DIM ftheta(3000)

1060 OPEN "eel.dat" FOR INPUT AS #1
1080d=1

1100 IF EOF(1) THEN 1180

1120 INPUT #1, ftheta(d)

1140d=d+1

1160 GOTO 1100

1180 CLOSE #1

1200 REM "cc1-36. dat" PREPARATION
1220 DIM theta(3000)

1240 OPEN "ccl.dat" FOR INPUT AS #1
1260d=1

1280 IF EOF(1) THEN 1360

1300 INPUT #1, theta(d)

1320d=d+1

1340 GOTO 1280

1360 CLOSE #1

1380 REM "bs.dat" PREPARATION
1400 DIM b1(3000)

1420 OPEN "bs.dat" FOR INPUT AS #1
1440 OPEN "ep.dat" FOR OUTPUT AS #2
1460 e=1

1480 IF EOF(1) THEN 1560
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1500 INPUT #1, bl(e)

1520e=e+1

1540 GOTO 1480

1560 CLOSE #1

1580 REM ITEM PREPARATION

1600 DIM bb(4, 100)

1620 FORi=1TO 4

1640 IF i=1 THEN OPEN "bb1.dat" FOR INPUT AS #1
1660 IF i =2 THEN OPEN "bb2.dat" FOR INPUT AS #1
1680 IF i =3 THEN OPEN "bb3.dat" FOR INPUT AS #1
1700 IF i =4 THEN OPEN "bb4.dat" FOR INPUT AS #1
1720 g=1

1740 IF EOF(1) THEN 1820

1760 INPUT #1, bb(i, g)

1780 g=g+1

1800 GOTO 1740

1820 CLOSE #1

1840 NEXT i

1860 REM ADJUSTED FBB EP AS ZERO

1880 DIM fbb(4, 100)

1900 DIM ep(4, 100)

1920 FORi=1TO 4: REM LEVEL

1940 IF i=1 THEN gg =100

1960 IF i=2 THEN gg =100

1980 IF i=3 THEN gg =100

2000 IF i =4 THEN gg =100

2020 FOR g=1TO gg

2040 fbb(i, g) =0

2060 ep(i, g) =1

2080 NEXT g

2100 NEXT i



2120 REM ENTRY POINT DETERMINATION
2140 FOR d =1 TO 3000

2160 a=1

2180 c=.2

2200 big = .5

2220 snu=0

2240 sud =0

2260 the = theta(d)

2265 REM FIND THE NEAREST VALUE FOR THETA-BB
2270k =1

2275 min = ABS(the - b1(k))

2280 FOR e =1 TO 3000

2285 diff0 = ABS(the - bl(e))

2290 IF min < diff0 THEN GOTO 2310

2295 IF min >= diff0 THEN k = ¢

2300 IF min >= diff0 THEN min = diff0
2305ee=¢

2310 NEXT e

2320 devl = a * (the - bl(ee))

2340 phatl = 1!/ (1! + EXP(-dev1))

2360 ptl =c + (1 - ¢) * phatl

2380 REM PROTECT AGAINST DIVIDE BY ZERO
2400 IF (pt1 <.00001) THEN ptl =.00001

2420 IF (pt1 >.99999) THEN ptl =.99999

2440 RANDOMIZE TIMER: rnuml = RND(1#)
2460 IF rnum1 >= pt] THEN uijl =1

2480 IF rnum1 < ptl THEN uij1 =0

2500 IF uijl = 1 THEN b2 =bl(ee) + 2

2520 IF uijl = 0 THEN b2 =bl(ee) - 2

2540 TF b2 >3 THEN b2 =3

2560 IF b2 <-3 THEN b2 =-3
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2580 dev2 = a * (the - b2)

2600 phat2 = 1! / (1! + EXP(-dev2))

2620 pt2 =c + (1! - ¢) * phat2

2640 REM PROTECT AGAINST DIVIDE BY ZERO
2660 IF (pt2 < .00001) THEN pt2 =.00001

2680 IF (pt2 >.99999) THEN pt2 =.99999

2700 RANDOMIZE TIMER: rnum2 = RND(1#)

2720 IF rnum2 >= pt2 THEN uij2 = 1

2740 IF rnum?2 < pt2 THEN uij2 =0

2760 IF uij2=1 THEN b3 =b2 + 2

2780 IF uij2=0 THEN b3 =b2 -2

2800 IF b3 >3 THEN b3 =3

2820 IF b3 <-3 THEN b3 =-3

2840 dev3 = a * (the - b3)

2860 phat3 = 1!/ (1! + EXP(-dev3))

2880 pt3 = ¢ + (1! - ¢) * phat3

2900 REM PROTECT AGAINST DIVIDE BY ZERO
2920 IF (pt3 <.00001) THEN pt3 =.00001

2940 IF (pt3 >.99999) THEN pt3 =.99999

2960 RANDOMIZE TIMER: rnum3 = RND(1#)

2980 IF rnum3 >= pt3 THEN uij3 = 1

3000 IF rnum3 < pt3 THEN uij3 = 0

3020 IF (uij1 = 0) AND (uij2 = 0) AND (uij3 = 0) THEN GOTO 2220
3040 IF (uij1 = 1) AND (uij2 = 1) AND (uij3 = 1) THEN GOTO 2220
3060zz=0

3080 dev = a * (the - bl(ee))

3100 phat=1!/ (1! + EXP(-dev))

3120 pt=c + (1! - ¢) * phat

3140 REM PROTECT AGAINST DEVIDE BY ZERO
3160 IF (pt <.00001) THEN pt =.00001

3180 IF (pt >.99999) THEN pt =.99999
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3200 wij = pt * (1 - pt)

3220 vij = uijl - pt

3240 psp = phat / pt

3260 snu=snu + a * vij * psp

3280 sud =sud +a” 2 * wij * psp * psp
3300 dev = a * (the - b2)

3320 phat=1!/ (1! + EXP(-dev))
3340 pt =c + (1! - ¢) * phat

3360 REM PROTECT AGAINST DEVIDE BY ZERO
3380 IF (pt <.00001) THEN pt =.00001
3400 IF (pt >.99999) THEN pt =.99999
3420 wij = pt * (1 - pt)

3440 vij = uij2 - pt

3460 psp = phat / pt

3480 snu =snu +a * vij * psp

3500 sud =sud +a " 2 * wij * psp * psp
3520 dev = a * (the - b3)

3540 phat= 1!/ (1! + EXP(-dev))

3560 pt=c + (1! - ¢) * phat

3580 REM PROTECT AGAINST DEVIDE BY ZERO
3600 IF (pt <.00001) THEN pt=.00001
3620 IF (pt >.99999) THEN pt =.99999
3640 wij = pt * (1 - pt)

3660 vij = uij3 - pt

3680 psp = phat / pt

3700 snu = snu + a * vij * psp

3720 sud =sud + a2 * wij * psp * psp
3740 REM PROTECT AGAINST DEVIDE BY ZERO
3760 IF (sud <.00001) THEN sud =.00001
3780 delta =snu / sud

3800 IF ABS(delta < big) GOTO 3860
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3820 REM PROTECT AGAINST BIG CHANGE IN THETA
3840 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF
3860 the = ftheta(d) + delta
3880 IF ABS(delta <.05) THEN GOTO 4000
3900 zz=zz + 1
3920 IF zz = 5 GOTO 4000
3940 snu=0
3960 sud =0
3980 GOTO 3080
4000 TF the > 3! THEN the = 3!
4020 TF the <-3! THEN the = -3!
4040 REM DATA PREPARATION
4060 DIM ever(4, 100)
4080 FORi=1TO 4
4100 FOR g=1TO 100
4120 ever(i, g) =0
4140 NEXT g
4160 NEXT i
4180 ¢ =0!
4200 f=.5
4220 FORi=1 TO 4: REM LEVEL
4240 TF i =1 THEN gg =100
4260 IF i =2 THEN gg =100
4280 IF i = 3 THEN gg =100
4300 IF i = 4 THEN gg =100
4320a="f
4340tl=35
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4360 FOR 1=1 TO tl: REM TEST LENGHT
4380 REM FIND THE NEAREST VALUE FOR THETAS-BB
4400 k=1

4420 min = ABS(the - bb(i, k))

4440 FOR g=1TO gg

4460 IF ever(i, g) = 1 THEN GOTO 4580
4480 diffo = ABS(the - bb(i, £))

4500 IF min < diff0 THEN GOTO 4580

4520 IF min >= diff0 THEN k = g

4540 IF min >= diff0 THEN min = diff0

4560 gx =g

4580 NEXT g

4600 ever(i, gx) = 1

4620 REM a-STR EXAMINATION

4640 dev = a * (the - bb(i, gx))

4660 phat = 1!/ (1! + EXP(-dev))

4680 pt=c + (1! - ¢) * phat

4700 REM PROTECT AGAINST DIVIDE BY ZERO
4720 IF (pt < .00001) THEN pt =.00001

4740 IF (pt >.99999) THEN pt = .99999

4760 RANDOMIZE TIMER: rnum = RND(1#)
4780 IF rnum >= pt THEN uij = 1

4800 IF rnum < pt THEN uij =0

4820zx =0

4840 dev = a * (the - bb(i, gx))

4860 phat = 1!/ (1! + EXP(-dev))

4880 pt=c + (1! - ¢) * phat

4900 REM PROTECT AGAINST DIVIDE BY ZERO
4920 IF (pt <.00001) THEN pt = .00001

4940 IF (pt >.99999) THEN pt =.99999

4960 wij =pt * (1 - pt)
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4980 vij =uij - pt
5000 psp = phat / pt
5020 snu =snu + a * vij * psp
5040 sud =sud +a " 2 * wij * psp * psp
5060 REM PROTECT AGAINST DIVIDE BY ZERO
5080 IF (sud <.00001) THEN sud = .00001
5100 delta = snu / sud
5120 IF ABS(delta < big) GOTO 5180
5140 REM PROTECT AGAINST BIG CHANGE IN THETA
5160 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF
5180 the = ftheta(d) + delta
5200 IF ABS(delta <.05) THEN GOTO 5320
5220 zx =zx + 1
5240 IF zx =5 GOTO 5320
5260 snu=0
5280 sud=0
5300 GOTO 4840
5320 IF the > 3! THEN the = 3!
5340 IF the <-3! THEN the = -3!
5360 REM CALCULATE FREQUENCY
5380 IF ever(i, gx) = 1 THEN fbb(i, gx) = fbb(i, gx) + 1
5400 eb = fbb(i, gx) / 3000
5420 IF eb <=.2 THEN ep(i, gx) = ep(i, gx) * 1.04
5440 IF ep(i, gx) > 1 THEN ep(i, gx) = 1
5460 IF eb > .2 THEN ep(i, gx) = ep(i, gx) * .95
5480 g = gx
5500 NEXT |
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5520 f=f+.5

5540 NEXT i

5560 NEXT d

5580 FOR i= 1 TO 4

5600 IF i = 1 THEN gg = 100
5620 IF i = 2 THEN gg = 100
5640 IF i = 3 THEN gg = 100
5660 IF i = 4 THEN gg = 100
5680 FOR g = 1 TO gg

5700 PRINT TAB(1); "i="; i; TAB(20); "g="; g; TAB(40); "ep="; ep(i, g)
5720 PRINT #2, ep(i, g)
5740 NEXT g

5760 NEXT i

5780 CLOSE #2

5800 END
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1000 CLS

1010 REM "ss1-72. dat" PREPARATION
1020 DIM ftheta(5000)

1030 OPEN "ss1.dat" FOR INPUT AS #1
1040d=1

1050 IF EOF(1) THEN 1090

1060 INPUT #1, ftheta(d)

1070d=d+1

1080 GOTO 1050

1090 CLOSE #1

1100 REM "sc1-72. dat" PREPARATION
1110 DIM theta(5000)

1120 OPEN "sc1.dat" FOR INPUT AS #1
1130d=1

1140 IF EOF(1) THEN 1180

1150 INPUT #1, theta(d)

1160d=d+1

1170 GOTO 1140

1180 CLOSE #1

1190 REM "bs.dat" PREPARATION
1200 DIM b1(3000)

1210 OPEN "bs.dat" FOR INPUT AS #1

1220e=1
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1230 IF EOF(1) THEN 1270

1240 INPUT #1, bl(e)

1250 e=e+ 1

1260 GOTO 1230

1270 CLOSE #1

1280 REM ITEM PREPARATION

1290 DIM bb(4, 100)

1300 FORi=1TO 4

1310 IF i=1 THEN OPEN "bb1.dat" FOR INPUT AS #1
1320 IF i =2 THEN OPEN "bb2.dat" FOR INPUT AS #1
1330 IF i =3 THEN OPEN "bb3.dat" FOR INPUT AS #1
1340 IF i =4 THEN OPEN "bb4.dat" FOR INPUT AS #1
1350g=1

1360 IF EOF(1) THEN 1400

1370 INPUT #1, bb(, g)

1380 g =g+ 1

1390 GOTO 1360

1400 CLOSE #1

1410 NEXT i

1420 REM "ep.dat" PREPARATION

1430 DIM ep(4, 100)

1440 OPEN "ep.dat" FOR INPUT AS #1

1450 FORi=1TO 4

1460 IF i = 1 THEN gg = 100

1470 IF i =2 THEN gg = 100

1480 IF i = 3 THEN gg = 100

1490 IF i = 4 THEN gg = 100

1500 g=1

1510 IF EOF(1) THEN 1580

1520 INPUT #1, ep(i, g)

1530 IF g = gg THEN GOTO 1570
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1540 g=g+1

1560 GOTO 1510

1570 NEXT i

1580 CLOSE #1

1590 REM ADJUSTED FREQUENCY AS ZERO
1600 DIM ffb(4, 100)

1610 FORi=1 TO 4: REM LEVEL
1620 IF i=1 THEN gg = 100

1630 IF i =2 THEN gg = 100

1640 IF i = 3 THEN gg = 100

1650 IF i = 4 THEN gg = 100

1660 FOR g=1TO gg

1670 ffb(i, g) =0

1680 NEXT g

1690 NEXT i

1700 REM ADJUSTED DV AS ZERO
1710 FORi=1TO 4

1720 sdiff(i) = 0

1730 mdiff(i) = 0

1740 share(i) =0

1750 un(i) =0

1760 ov(i) =0

1770 NEXT i

1780 REM ENTRY POINT DETERMINATION
1790 FOR d =1 TO 5000

1800a=1

1810c=.2

1820 big=.5

1830 snu=0

1840 sud =0

1850 the = theta(d)



1852 REM FIND THE NEAREST VALUE FOR THETA-BB
1854 k=1

1856 min = ABS(the - b1(k))

1858 FOR e =1 TO 3000

1860 diff0 = ABS(the - bl(e))

1862 IF min < diffd THEN GOTO 1875

1864 IF min >= diff0 THEN k = ¢

1866 IF min >= diff0 THEN min = diff0

1870 ee=¢

1875 NEXT e

1880 devl = a * (the - bl(ee))

1890 phatl = 1!/ (1! + EXP(-dev1))

1900 ptl =c + (1! - ¢) * phatl

1910 REM PROTECT AGAINST DIVIDE BY ZERO
1920 IF (pt1 <.00001) THEN ptl =.00001

1930 IF (ptl1 >.99999) THEN ptl =.99999

1940 RANDOMIZE TIMER: rnum1 = RND(1#)

1950 IF rnum1 >= pt1 THEN uijl =1

1960 IF rnuml < ptl THEN uijl = 0

1970 IF uijl = 1 THEN b2 =bl(ee) + 2

1980 IF uijl =0 THEN b2 =bl(ee) - 2

1990 IF b2 >3 THEN b2 =3

2000 IF b2 <-3 THEN b2 =-3

2010 dev2 = a * (the - b2)

2020 phat2 = 1! / (1! + EXP(-dev2))

2030 pt2 =c + (1! - ¢) * phat2

2040 REM PROTECT AGAINST DIVIDE BY ZERO
2050 IF (pt2 <.00001) THEN pt2 = .00001

2060 IF (pt2 >.99999) THEN pt2 =.99999

2070 RANDOMIZE TIMER: rnum2 = RND(1#)
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2080 IF rnum2 >= pt2 THEN uij2 = 1

2090 IF rnum?2 < pt2 THEN uij2 =0

2100 IF uij2 =1 THEN b3 =b2 + 2

2110 IF uij2 =0 THEN b3 =b2 - 2

2120 TF b3 >3 THEN b3 =3

2130 IF b3 <-3 THEN b3 =-3

2140 dev3 = a * (the - b3)

2150 phat3 = 1!/ (1! + EXP(-dev3))

2160 pt3 =c + (1! - ¢) * phat3

2170 REM PROTECT AGAINST DIVIDE BY ZERO
2180 IF (pt3 <.00001) THEN pt3 =.00001

2190 IF (pt3 >.99999) THEN pt3 =.99999

2200 RANDOMIZE TIMER: rnum3 = RND(1#)

2210 TF rnum3 >= pt3 THEN uij3 =1

2220 TF rnum3 < pt3 THEN uij3 =0

2230 IF (uij1 = 0) AND (uij2 = 0) AND (uij3 = 0) THEN GOTO 1830
2240 IF (uij1 = 1) AND (uij2 = 1) AND (uij3 = 1) THEN GOTO 1830
2250zz=0

2260 dev = a * (the - bl(ee))

2270 phat = 1!/ (1! + EXP(-dev))

2280 pt=c + (1! - ¢) * phat

2290 REM PROTECT AGAINST DEVIDE BY ZERO
2300 IF (pt <.00001) THEN pt =.00001

2310 IF (pt >.99999) THEN pt =.99999

2320 wij =pt * (1 - pt)

2330 vij =uijl - pt

2340 psp = phat / pt

2350 snu = snu + a * vij * psp

2360 sud =sud +a " 2 * wij * psp * psp

2370 dev = a * (the - b2)

2380 phat=1!/ (1! + EXP(-dev))
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2390 pt=c + (1! - ¢) * phat
2400 REM PROTECT AGAINST DEVIDE BY ZERO
2410 IF (pt <.00001) THEN pt =.00001
2420 TF (pt >.99999) THEN pt = .99999
2430 wij =pt * (1 - pt)
2440 vij =uij2 - pt
2450 psp = phat / pt
2460 snu = snu + a * vij * psp
2470 sud =sud +a " 2 * wij * psp * psp
2480 dev = a * (the - b3)
2490 phat= 1!/ (1! + EXP(-dev))
2500 pt=c + (1! - ¢) * phat
2510 REM PROTECT AGAINST DEVIDE BY ZERO
2520 IF (pt <.00001) THEN pt =.00001
2530 IF (pt >.99999) THEN pt =.99999
2540 wij =pt * (1 - pt)
2550 vij = uij3 - pt
2560 psp = phat / pt
2570 snu = snu + a * vij * psp
2580 sud =sud +a " 2 * wij * psp * psp
2590 REM PROTECT AGAINST DEVIDE BY ZERO
2600 IF (sud <.00001) THEN sud =.00001
2610 delta = snu / sud
2620 IF ABS(delta < big) GOTO 2650
2630 REM PROTECT AGAINST BIG CHANGE IN THETA
2640 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF

2650 the = ftheta(d) + delta
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2670 IF ABS(delta <.05) THEN GOTO 2730
2680 zz=2zz+ 1

2690 IF zz =5 GOTO 2730

2700 snu=0

2710 sud =0

2720 GOTO 2260

2730 IF the > 3! THEN the = 3!
2740 IF the <-3! THEN the = -3!
2750 REM DATA PREPARATION
2760 DIM ve(4, 100)

2770 FORi=1TO 4

2780 FOR g=1TO 100

2790 ve(i, g) =0

2800 NEXT g

2810 NEXT i

2820 ¢ =0!

2830 pl = 400: REM ITEM POOL
2840 f=.5

2850 FORi=1TO 4: REM LEVEL
2860 IF i = 1 THEN gg =100

2870 IF i =2 THEN gg =100

2880 IF i = 3 THEN gg =100

2890 IF i =4 THEN gg =100

2900 a=f

2910tl=5

2920 FOR 1=1 TO tl: REM TEST LENGHT

2930 REM FIND THE NEAREST VALUE FOR THETA-BB

2940k =1

2950 ms = ABS(the - bb(i, k))

2960 FOR g=1TO gg

2970 IF ve(i, g) = 1 THEN GOTO 3030
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2980 diff0 = ABS(the - bb(i, g))

2990 IF ms < diff0 THEN GOTO 3030

3000 IF ms >= diff0 THEN k=g

3010 IF ms >= diff0 THEN ms = diff0
3020gx=¢g

3030 NEXT g

3040 RANDOMIZE TIMER: ran = RND(1#)
3050 IF ran < ep(i, gx) THEN GOTO 3560
3060 IF ran > ep(i, gx) THEN GOTO 3070
3070si=1

3080 IF gx =1 THEN GOTO 3120

3090 IF gx = gg THEN GOTO 3170

3100 IF ABS(bb(i, gx) - bb(i, gx - si)) < ABS(bb(i, gx + si) - bb(i, gx)) THEN GOTO 3220
3110 IF ABS(bb(i, gx) - bb(i, gx - si)) > ABS(bb(i, gx + si) - bb(i, gx)) THEN GOTO 3400
3120 gx = gx +si

3130 IF ve(i, gx) = 1 THEN GOTO 3120
3140 RANDOMIZE TIMER: ran = RND(1#)
3150 IF ran < ep(i, gx) THEN GOTO 3560
3160 IF ran > ep(i, gx) THEN GOTO 3120
3170 gx = gx - si

3180 IF ve(i, gx) = 1 THEN GOTO 3170
3190 RANDOMIZE TIMER: ran = RND(1#)
3200 IF ran < ep(i, gx) THEN GOTO 3560
3210 IF ran > ep(i, gx) THEN GOTO 3170
3220 gx = gx - si

3240 IF gx =1 THEN GOTO 3120

3250 IF ve(i, gx) =1 THEN si=si + 1

3260 IF ve(i, gx) = 1 THEN GOTO 3310
3270 RANDOMIZE TIMER: ran = RND(1#)
3280 IF ran < ep(i, gx) THEN GOTO 3560

3290 IF ran > ep(i, gx) THEN si=si + 1



3300 IF ran > ep(i, gx) THEN GOTO 3310
3310 gx = gx +si

3320 IF gx = gg THEN GOTO 3170

3340 IF ve(i, gx) =1 THEN si=si+ 1

3350 IF ve(i, gx) = 1 THEN GOTO 3220
3360 RANDOMIZE TIMER: ran = RND(1#)
3370 IF ran < ep(i, gx) THEN GOTO 3560
3380 IF ran > ep(i, gx) THEN si =si + 1
3390 IF ran > ep(i, gx) THEN GOTO 3220
3400 gx = gx +si

3410 IF gx = gg THEN GOTO 3170

3420 IF ve(i, gx) = 1 THEN si=si + 1

3430 IF ve(i, gx) = 1 THEN GOTO 3480
3440 RANDOMIZE TIMER: ran = RND(1#)
3450 IF ran < ep(i, gx) THEN GOTO 3560
3460 IF ran > ep(i, gx) THEN si =si + 1
3470 IF ran > ep(i, gx) THEN GOTO 3480
3480 gx = gx - si

3490 IF gx = 1 THEN GOTO 3120

3500 IF ve(i, gx) =1 THEN si=si+ 1

3510 IF ve(i, gx) = 1 THEN GOTO 3400
3520 RANDOMIZE TIMER: ran = RND(1#)
3530 IF ran < ep(i, gx) THEN GOTO 3560
3540 IF ran > ep(i, gx) THEN si =si + 1
3550 IF ran > ep(i, gx) THEN GOTO 3400
3560 ve(i, gx) =1

3570 REM a-STR EXAMINATIOM

3580 dev = a * (the - bb(i, gx))

3590 phat= 1!/ (1! + EXP(-dev))

3600 pt=c + (1! - ¢) * phat

3610 REM PROTECT AGAINST DIVIDE BY ZERO
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3620 IF (pt <.00001) THEN pt=.00001
3630 IF (pt >.99999) THEN pt =.99999
3640 RANDOMIZE TIMER: rnum = RND(1#)
3650 IF rnum >= pt THEN uij =1
3660 IF rnum < pt THEN uij =0
3670 zx =0
3680 dev = a * (the - bb(i, gx))
3690 phat = 1!/ (1! + EXP(-dev))
3700 pt=c + (1! - ¢) * phat
3710 REM PROTECT AGAINST DEVIDE BY ZERO
3720 IF (pt <.00001) THEN pt =.00001
3730 IF (pt >.99999) THEN pt =.99999
3740 wij = pt * (1 - pt)
3750 vij = uij - pt
3760 psp = phat / pt
3770 snu=snu+a * vij * psp
3780 sud =sud +a " 2 * wij * psp * psp
3790 REM PROTECT AGAINST DEVIDE BY ZERO
3800 IF (sud <.00001) THEN sud =.00001
3810 delta = snu / sud
3820 IF ABS(delta < big) GOTO 3850
3830 REM PROTECT AGAINST BIG CHANGE IN THETA
3840 IF delta > 0! THEN
delta = big
ELSE
delta = -big
END IF
3850 the = ftheta(d) + delta
3860 IF ABS(delta <.05) THEN GOTO 3920
3870 zx =zx + 1

3880 IF zx = 5 GOTO 3920
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3890 snu=0

3900 sud =0

3910 GOTO 3680

3920 IF the > 3! THEN the = 3!

3930 IF the < -3! THEN the = -3!

3940 REM CALCULATE FREQUENCY

3950 IF ve(i, gx) = 1 THEN ffb(i, gx) = ffb(i, gx) + 1
3960 g = gx

3970 NEXT 1

3980 REM DEPENDENT VARIABLE VALUES
3990 REM BIAS CALCULATION

4000 sdiff(i) = sdiff(i) + (the - ftheta(d))

4010 IF d = 5000 THEN bias(i) = sdiff(i) / 5000

4020 IF d = 5000 THEN PRINT TAB(1); "level ="; i; TAB(15); "bias = "; bias(i); TAB(40);

"sdiff = "; sdiff(i)

4030 IF d = 5000 THEN LPRINT TAB(1); "level ="; i; TAB(15); "bias = "; bias(i); TAB(40);

"sdiff ="; sdiff(i)
4040 REM MSE CALCULATION
4050 mdiff(i) = mdiff(i) + ((the - ftheta(d)) " 2)

4060 IF d = 5000 THEN mse(i) = mdiff(i) / 5000

4070 IF d = 5000 THEN PRINT TAB(1); "level ="; i; TAB(15); "mse = "; mse(i); TAB(40);

"mdiff = "; mdiff(i)

4080 IF d = 5000 THEN LPRINT TAB(1); "level ="; i; TAB(15); "mse = "; mse(i); TAB(40);

"mdiff ="; mdiff(i)
4090 IF d <> 5000 THEN GOTO 4270
4100 REM ITEM EXPOSE CALCULATION
4110 FOR g=1TO gg
4120 tg = (ffb(i, g) / 5000)
4130 IF tg <= .2 THEN un(i) = un(i) + 1
4140 IF tg > .2 THEN ov(i) = ov(i) + 1

4150 NEXT g
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4160 PRINT TAB(1); "level ="; i; TAB(15); "underrate = "; un(i); TAB(40); "overrate = "; ov(i)

4170 LPRINT TAB(1); "level = "; i; TAB(15); "underrate = "; un(i); TAB(40); "overrate = "; ov(i)

4180 REM OVERLAP CALCULATION

4190 FOR g=1TO gg

4200 sv = FIX(ffb(i, g) / 2)

4210 share(i) = share(i) + sv

4220 NEXT g

4230 np(i)=(t1 *d *(d-1)/2)

4240 overlap(i) = share(i) / np(i)

4250 PRINT TAB(1); "level ="; i; TAB(15); "share ="; share(i); TAB(40); "np ="; np(i);
TAB(60); "overlap ="; overlap(i)

4260 LPRINT TAB(1); "level ="; i; TAB(15); "share ="; share(i); TAB(40); "np ="; np(i);
TAB(60); "overlap ="; overlap(i)

4270 f=f+.5

4280 NEXT i

4290 NEXT d

4300 REM CHI-SQUARE CALCULATION

4310 schi=0

4320 tr=((t1 * 4) / pl)

4330 FORi=1TO 4

4340 FOR g=1TO gg

4350 tg = (ffb(i, g) / 5000)

4360 wr = ((tg - tr) ~ 2) / tr

4370 schi = schi + wr

4380 NEXT g

4390 NEXT i

4400 PRINT TAB(1); "chi-square = "; schi

4410 LPRINT TAB(1); "chi-square ="; schi

4420 END
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