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Ay A Al desendl o LaaV) e Al peall Giddis o JY) Aesendl o lasl)
Guki daad Bl s pladaly cands gl LegalS ficsaadll e dpde jloal Guls
.(Rao, 2007, P337) . ;s 4 @ghj Lo oty 38 Aalide Cla gl & Oipsall

Gura e S il e Ak Glegens) Wil diad) Jad) 058 o oK
oo opline iy b gl ASRGe i 5 ladl) Lals ) (Legilslas abal) lasY)
apally abeill ls costil) Jalgas slocia JS8 il allall e gana o JaaDls - (Cie ganal
Jes ity Cun (@l piald el 8 Adled) 3 aaiiadl aseaall 3ahadl @) 5
tlaay adl) oy

Lo S lladll il Aiall Lidadiad wie Wil Giaay s :(Random Error) Alsdal Uadl)
paaill Ll aaall 50S Gilie pladiul died Rid (Sas (@l Gha¥ly ol
IR

Jagyilly bl Gl Jl e e Sde i, :(Systematic Error) aliiial) Uadl)
Aslaall syl Lgallas 3l
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Ao sanall praa 8 Auledly sl canil e co Aealill HEYI daua b Ul 13 Sl
g (e Ay dad) (gina b WblSia uasaid) Jiegene Jaa (b LEAT G csasll)
Clesanall maa (b L Loy bl Uadll jlaie ol Llsdall e sanall manal 6 <l
iadl Jia ¥ ASiaal caball cul€ 1Y Ay i) Uaadl o) assd elpad) HLaay) @l
-(Kolen, 1990, P35) . yfic sead) (yn Adias ddlany) lpailad culy caa IS0

paalsl) Ao sand) preal Ul pes (8 Aertied) asebeatl) 2383 Bl Gapll e
LalSidll Glegend) areaiy AN 2 Glegend) arenaly 4K Glegendl areais
o3 O (ray ccliidall g dal) ld RS e Gilegend) araad Gl (il ¢ 2l el
Gilayy doles 2ie yiddl) &L;J\ Gl Al Gle gaaall araal Ball Grerdind asebial)
Js¥ Ciuall Al Zaaldl ciad 3 (A, B) giyeall e gilaall gl J¥1 Caall 4l
o5 ¢(A) Tlaa¥) sl e gendl) (s3a) o by (e gane M Wilsde (g)laal (g5l
sl J¥) Caall Al e dlial gaall jladl & (B) LlaaV) sysall 25l de gend)
Gisall o (glatl (gl S Caal) Al Gl Alilee vie ) SIS ¢agaian (glail
.(C, D) oyiylas)

Glay Al die dliidl giall @l L6Sl)l e cilesanall araad Lald) Creriiul 84
@il gt J¥ Caall Al o b Y gl gt SBly JV1 cpieal Ak
D) i & ae Lald Hlas) olad) goll B Crall Bk ey cag Lals Dlasl
aall M 3 gl il g 30l

:Anchor test didall giall —lay

AilSia ) Ajlsie hladl) el e CHLAAY) cearae 3538 atal JaS @l i) ¢ 3l 5% il
e Ua)y Jis il (e Aesene 0o Ble il giall o Jublly bl olay Lila
S o) aadl el ey Ailed) dglee ehal WA e g Cums o 5SS ol
GULEAY) IS b Llsine bl (e Aiia degene Cily Ledie Ll 08 Lajla o L
o Ghy ol e sl Spidl laaY) o baie bagls 055 clagililea 2l
DY) st Vs . Legililee ) Cangivndl SLERY) hsea e US 4 et (g3 i)
o ragniall LI Ao sandll oY) il Lals Gl cldlal) Claa a8 djidl
.(Davier, Holland, 2010, PP 289-290) .4.lly ¥ oy yseall b

o b o g Ailadl dangia ofi ¢ A gplaal ddlany) pailadl) (Bl g
e Gl o b A ) bl s g cLinking or anchor Test ol il gl
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ey Fadl (g .(Kolen& Brennan, 2014, P 505)cagiual jladdl dabiadl) spall
Cin o AL LAY (e Braas das 058 o) s sl gaall el ob sy @l
gl @i e Cusy (Kolen& Brennan, 2004, P 19) 4 jis Sl paibadlly (il
s Goma o s Alew Blad) i e dadn D i) & gal maall gl Brad)
sl g aall laal sl Lgaa aisis vl o ashil gy Jlasy) Jball glesl
.( Dorans, at el, 1998, P 5 ). g aladl 3yl fyladlly

@) i) ladl b degdl @illie¥) e sasls of (ZUmbo, 1999, P55) sy il S
o lgilsia) o Bt Ll 058 cVA e IS 8 thaaie 058 YT ks las)
dygrall CBlalae w33 2 0o 3 YD el Al daudl Jesin ¥ dggrall il
Aebad) olimly calaall jually

chadll san 8 b (Camille, Shapard, 1994, PP 35-36 ) yjblis JAulS moafl LS
G gndall 33 Clgiee 321 2 M8 alll) b ade o lee Lga A ) Gl @l
Dorans, ) (uilyss o WS el sl 3l A graal Lt dda g piall & gaaall 33 13¢5 ¢ SLie Wl
Cliall b da S8 Jead Al JlieYU 50l (s5ie 331 555 (1998, PP 217-218
Aggluie e 5 Glays OS5 latie pald JSh s aaadl 5a

DY) caal aulie 2 ladl e aaa 520 (Angoff, 1971, P 309 ) Casail 23
kYY) zila b sl MK gsendl e %20 oo JB Y s b JBEs @l
I diidl gl Jsh oli (Rapp& Allalouf, 2007, P5) <asNiy caly ) Talialg
A L) Jola S )ley L IS

bl 488 5@ (20-10) oo of Lael (Wright, Stone, 1997, P 412 ) culy oSi;
s aibad cld alll o ol Jayds dated)

VonDavier, at el, 2004, ) &ljidl g3l e il A daw il Gluhall @l s
(60 —20) o L zshin of camo il g 3all jladl Job a0 oh il o8 T 2 (P156
gl Jsb led 0K s e (Fitzpatrick, 2001, P35) clpbipd jial ¢do)lad) 55
Aojlndl s (15) (e Jo i)

<y (6) 4 (5) of «(Dorans, Holland, 2007, P 242) x¥ss (uihsd e JS 7 8 M5
Lo 13) @lldy esajiall Aulaiay) Al aladidy Alilad) dilee ehay A4S 203 (i) g3l
(IRT) @bk aladinly 3yiie Jalaty 5080 Guadgaill AS 3 50l allee 58 Cuma Wajlodl
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cnle ) sy B LAY aeae b Bapnall o 38 Galall 8 Bl Ayl ety Led Ul
adll les @llyy . KA Aallad) Aoplall 33y Aobedl bl Spddl g2l laaY s (60-40)
(1502 2011 ¢G3gmal ).yl il A jluaad) £lad SN 4 ylail
Lo WS ((ASpAd) Ledall @bl ady¥ puledl e 23 o b IS jland) oK
t b L (1971) s
cua IS8 gaadl Jia o 1
DY) Sysa e IS (G S @l se (e (%20) S e cpyie e (K of L2
ST g
Lebimdl ey il Suailly &y grall O lebae 2aa3 5y of L3
gida g il cljaall sa) L4
sha¥ Wbk Leadrdin) (Ko A bl o Cuss Gadije @lb dapy g of L5
legaaddl g 3oyl e daulial Dbl
G bl odn ] (il ¢ LAY Heea eca adal SLEAY) GhE aias meal -6
Acyudl BT seds aBgh Cus LIV (e Sl gl
G dagll Cangy Al Auhll jme IS8 38 caailad,; duidl g iall LY Dl
Absleall Ai€es 483 5l a3 ) Q) Claasl sl
H(CTT) cuiadll A Saudsl) Al Adnalgy coial) Alaa @il Ll — Lusals
LAY Aolas 18 Aplail) o3l by oY) Alales 8 Ferdieadl Zan ) LI Jlaa) Koy
aad¥) Ak sy ecabiiiall ARyl g Apdadll Al o sleall as gl A shay
:Mean Equating  nluall gl 4k jLia) ddslas—1
v snidl) Ao sand LAY Jygea b Lslie clapall laald) Jasgll Jaas 35kl o2
2l Jagad ehal i il (@Al Blaa ¢ LaaY) ddlee Bkee sl b el axiis A
(Gonzalez,Wiberg, 2017, P44) . Jlia¥) Jjpa 4 il Jangie glud ] s
peila dausias Ao (75) Jaadl ) sysall 3 Cpasmial) cilay Jasgie oIS 13 Sidd
Ay AV Bgall 8 (75) Al o e G dag (70) sa HLEAY) e Al syl b
Blae dulee (PAA Tl (3 ()68 Al Bpall (8 (70) Aaall 2lCa ] Ll Lebigas
Llagall
S il e bad) das ) Adandsy HLadY) Ales e Lualy el (S
Xe—X=VYV.—7
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el Bl ygeall b aingng QLasD V) ypall (8 Gagniall daps L yys of dus
o 4l Al Bypally HLaad) AV sysall 8 Glad) bausie L 7 osf Ol Js e
sl
Boall b i DA e S AV Haall 3 pamidl a0 Glas Galll ojf 133
P V) Al ey ) Al Zalud) Adladd) pimg oSar taud LaadU At
; X=Yv—V+Xx
& lad) hasgie Gy ¢ laadl L) sl 75 Al e Gasmbe deas 1Y :db
raad sl o 75 70 ) Ml e dustilly V) 55l
X.=v.—75+70
X.=Y—5
X.= 75-=5
x.= 70
a5 . Laad AV 5ypall 3 (70) Gall 28Ie o« Laadl Al 5ypall b (75) daallé
Gisall On Lsmall Gbiue & Gl gln [apn daldl e gl
.(Hua, 2004, P 101)
: Linear Equating 4.hill ddalaal) —2
) A gandll Gl (gl Gl Vs lnd T sl Glam 23 Aldlad) e gl 120 b
Gl Chatly olaal) nad) Glia g WS o Qaa¥) ge JY) ssall crasss Al
Ryan, Brackmann, ) . ¥l ge A58l sjsall coesn Ally 2000 de geaall cldlal
Dl JLEY) Jppa b Arsmall Gl & Bol o Gl ey (2011, P 48
oo lebiat Lhi cldlall digad (Ko e (@ldlall mp0 ol dsidd e A3l 4l
A il e (Z) = Zp) ks pea 8 dsbie Bjlee cilag ) s cilag
Xlgl“ﬂ - XZ;Z“XZ e (1)
Sle NI oy Y Shea e IS (A @haill globad)l GlEhat) W 555, dua
Logilabea ahall 2lly 3V i yseall e aldll cldlal)
sl e Asllly AV cupseall (B Sldlal) asia Dy, fy
obie dsh e SN Sysa on ) Gyl Calids ol ey Aled) e Jaaill 13a
@ Aallall Al A0 syl (e s Camal I Bypeall 05 o (S Db ¢ilall
2l Jaanill (593 Bkl (63 g Laa ST US Siial) Jaanl
Y= ax + B osal e lunb St zun adadl) ) @bk arens
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Al 5yguall & (1) ady Aalaal) 1S Koy anle
S1 +( S1 )
X, =—X —-—
1 55 2 Uq 55 U
X1 =A.’X'2 + B

Dlaai dad Jae (A) S
G (X7) b OS5 e (x7) el ae Jaai¥) dax (intercept) adali i (B)
.(Rapp, 1999, PP 5-6) .lha

: Tucker’s Linear Method 4bil 5 ddk |

Oe Faell leadt ol o€a Y Ally Aiee Yalee dllae ol dadl) S5 Ayl Gld) &
gl o Sl ASd) je Gle gena) praal aladiud die e J<E Cpeaiaad) Gl Dla
Gn Aol Bplaal ASHGe @@l dladin) Gecan A e Glegaadl) avaaid el jidia
a5 Calide adine (3o pd (agade IS (Y A claalidl calliy ey il Gile gendll
Y] J)sa Y
Ailas) Glaliil (@legand) pat adid A Abledl @bl e daph (S
ek Azl )l Alslaall Ay o V) Cpading (e Cile senal) araal () e a2l e dda
i S pdadly I adadl s g o s Gl )y adnd L@l 5 WIS,
-2y adina
elac) iy Cua (COmbined population) Syd) adiadl asgie w5 Aludll s38 maagily
s Sl JY) gainall (e S (W6 W) s e

w;+w, =1

wy,w, =0

IS Aal) aas aa (3o 038 Canslim g

N N.
Wl == 1/N2 W2: 2/N1+N2
(P pindl pan (A N, 5 Y pdindll pan (AN; s G
standardized ) (Bl ldlall) Zojlaa) dhas¥) Sldlall Jaay odll Jusail ehal (Sary
Yl podind Gileganall arenal Gy gl 0 S 8 4a5luia (deviation scores
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o 33lad) Gl e ) (X) el e saaliad) cldbal) dotedd &) Gualsj)

(YY) 3ysall
2 (¥)

Ls0) = 2205 b= O (0) o (4)
Ailadl) 3 2S5l Clasindl las o s (Sl ganall L) (5) Ciall el Gua
(VIS s J ) adinall lles Ay ALl

te(X) = wypy (X) + wyp(X) ... (5)
ue(Y) = wyiuy (V) + wyop, (Y)
O's2 (X) = W10'12 (X) + Wzaz2 (X)) + wyw,[u; (X) — .Uz(X)]Z
07 (V) = w07 (V) + wyo5 (V) + wyw, [1y, (V) — (V)7 ... (6)

(s e Sy I pdad) (2 & 1) Y1 Jis Cua

L8V Bygeall Tgards cpdl Cyall adimall A el bl Jass il pro (X))

LSV 8yseall 1edi )l (Sl pdiad) A e (uls (02X)

Al 3ypall |gaidi cpdll CSHall adinal) A el bl Jass il 1o (V)

Al 5ygeall 1pei Al Sl aainall Al Sldle il (02Y)

(X)) ) Bypmall Vel IV pimall il Ll heall Lo il 1, (X))

(Y) Al syseall Toards i) V1 adimall il ldlal ool o il g (V)

(X)) ) Bypaall dpedi SN pdimall DA ladlal bl as i) 1, (X))

(Y) Bt 5ygeall gasts ) SN adinall S SLa) bl Lo sl g1 (Y)

(X) A syl gatts (pdll SV peaiall Al Gldle il (02X)

(Y) A 5ygeall gadti adl) J5Y) peniall A6 e ks (07Y)

A(X) S5V Bygeall Tsadis cpdl B aaiall S wldle cpls (02X)

(YY) Bl 5ysall dgasds ual) B aeaiall A3 e (uls (07Y)

-(Von Davier, 2003, PP 2-5)

Bpeall sastiy ol J5¥) aciaal A1 O LS ¢(X) Bysaall Igatiis ol (B acinall B o Caanns
OSe Y ALl c¥aladl i salall (0F (V), 07 (X), ug (1), (X)) a8 6 <Y ()
bugdl o Jpanlly lgad lua (o oS0 S cllall DA e daoaell lead alay)
Bl Y peay J5¥ WY pea o oSd) pasall gulally bl
Aaladll S5 Aagh sl S (ug(X), 08X, pg(Y), us(Y))

(Kolen, Brennan, 2014, PP 103-112 ):culaldl 286 e a4kl oda Kijg
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:regression coefficient ) Jlaai¥) Jua gyl G2l — 1
il i) 13 aas 13 (X) 8yseall B adinall Il a3 a2e Cann
okaay saaliad) aldtadl e (X)) Jlad¥) sysal saaliadl cldball lasi) Jebea ity V'
S Sy SV cpadinad) o (V) @il g 30
a;(X\V) = a,(X\V) .......(7)

Se (X)) A5V sysall sadts G2 JY) adinall 2l Gl Jaai¥) Jad Jue iaq (X\V)
(V) pdal g3l las) cldle
o (X) AV Bgall paidi () SBI pdaad) I8 Gl Jlaady) bad Jae zar, (X\V)
(V) idall g3l las) cldle
:oaliY) 13 S5 aaiay (Y) Byseall I adiaall Sl s ade o il
DbadY s lidl aldall Je (YY) lod¥) spal saalidl Gldlall jlasil Jalee paany ¥
S Sl I pediadll o (V) sl ¢33

a;(Y\V) = a,(Y\V)
e (Y) Al ypall pasts ol J5Y) adiaall sl Gldlal JlaaiVl lad Jue iy (YY)
(V) disd) g3al lasl cldle
o (X) Lt spsall Jasis cpdl SBI paiad) i Gl Jaai¥) b dae i, (Y\V)
(V) disd) g3all lasl cldle
0y (X\V) adl) a8 (Ko oy (X\V) asdll a8 DA (g
rintercept Jlaaiy) bal galall adadall (Golusi ()il —2
Rl 13 s (X) Bseall G adinall D) 435 are Cas
SV ypall Tpasn ol U5V adinall Al Ll HlasiV) Laal sball abaidll i Y
S Sl IV adindl 3 (V) iddl g 3a laal cldle e (X)

B1(X\V) = B,(X\V)

™

Hswall lsadts (pdl J5Y) adiaddl Al Gl jlaasy) Ll galall adaad) ;B (X\V)
(V) sl 38l Hlas) ale e (X) IV
Bysall lads (pll SBI adindl Sl Ll i) Ladl (galaall akid) 2 B, (X\V)
(V) sl 38l Hlad) ale e (X) IV
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i) sy V' G a8V aas (Y) Bysall U5V adinall S s are e Jiallyg
DY salidl @l Ao (Y) lodl) sheal saalidl @ldlall sVl Lal galall
'S Y el G (V) il g3l

BL(Y\V) = B, (Y\V)
Al 5yseall et il JY) aainall Aal Ll lasil) Jadd gabial) alazall = B, (Y\V)
(V) isal g3l las) e e (Y)
Al 3ypeall fgard cpdl SBY adinall Sl Gldlad Jani) dadl (galall adaidl 1 B, (Y\V)
(V) pdal g3l las) e e (Y)
- B2 (Y\V) nds (S, (X\V) pss Pl oy

:Conditional Variance Assumption Jag ) o) (a)é) -3
3l eladl cpls i ¥ 1l 13 aiag (X) sl SE adad) S a3 ae o
e (X) loa¥) seal salidl @l the variance of the errors of estimate
S Sl ) pediadll c (V) sl g3l s salidl ol

o’ ,OIA-p; X, V)] =0 1O - pi (X, V)]

Sua

Sllaly (X) LAY Bsea o saaladl bl o Llay) ddae Jia : p2(X,V)
A adinall G (V) pad) gl sl ssa o sulad)

Gldally (X) LY spea o saladl cldlall cu Llay) ddee s :p2(X,V)
(SO adadl B (V) dpdal gl ol §ypa e soa L)

Gl s Y Jall i) gy (Y) Bgeall U adindl I s e Jidls
gl laa¥ samlad aldlad) e (Y) WYl sl salidl cldlall il sl
S Sy SV cpedinad) G (V) il

o’ NIA-pi V=0’ MIA-p3(¥, V)] .....(8)

[GETEN

-

Ly (Y) LAY jgea o salidl cildlall gu Bay) ddee Bids : p2(Y, V)
S adnd) G (V) sl g3l Lol pea e il
Gltally (Y) sy sea o saabliall cldladl Lo V) dalee Jiaw @ p2 (Y, V)
(S dinall (V) sl g 3all sl sysa e sl
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oy odball Cluall lead dlag) (S Y Al 2l slag) 28 dalid) cilalpdY) e 13Sa
salels (8- 7) Aaalill c¥aladl Jasust didee shal aiey (0 (V), 05 (X), 14 (V), (X))
Inball Glhwgd) alay iy (10 -9) Zeabyll aVsled) e doasi Leis
dlee ehal dal e sl gaall jladly X & Y OWRY) Sseal Ayl clilas)y
iAaladl) S5 Ak ylal Ty Adasl) Aol
o (X) = 3 (X) — a; X\ (V) =, (N] ... 9)
(V) = u, (V) —a, MW [y (V) — (V)]
0% ,(X) = of (X) — af (X\V) a7 (V) — 07 (V)]
of (Y) =i (V) + az(Y\W)|of (V) — a7 (V)] ....... (10)
Al Aaal) e Aidad Adlea iy (6- 5) Gl 8 il da (el
x=Ay+B
.(Albano, 2014, PP 37-38 ) B = [l + A fi, A = 7%/5
y

: Levine’s Linear Method 4dail) Alaleall (padd i - o

Bypmall lpadiiy o J¥) acinal) il O LS ¢(X) Bypuall lpatiiy o SE aciadll 341 o o
Y (6-5) <¥aladl & 3alal (0%(Y),0,%(X), 1 (V) — pp (X)) il o &Y (Y)
Lol e Jpaally lead lua o (S5 (Jag cblad) DA (e Laoed) g alag) S
Wl LY Bpas Y JEAY) Bea o (el aandl cpllly el
S e il sl G Bk FEH & (1,00, 1Y), 0,2(X0),0,2(Y))
pladiul e il JS5 Cpedaadl Glily BlA e dpoael) lgaid sl (Ko Y Al ALl
b pia o ) RS e cle gandll e

axandy salial ol e adniy (Levine, 1955) cuial J8 (e Ziphall oda ciysh
(YY) 8ypmall 320 Laall Lall Guliias (X) gl 53 Liall Llall Jas ) (4) Alslad

0
s0) = B 1= 3001+ ) e (8
Gl hasii gl gl s (T, Ty, T,y) Biial) Glalls (slats dishal) o3a clial il
A Apcal ekl a5 LIS 4yl s 328 L)
X=T,+E,...(11)
Y=T,+E,
V=T,+E,...(12)

D (slw L) LSl Leals))s hia (55t Axdsia a \ly cWad) :(Ey, E,, E,)
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gaall Jladls Aulll LAY Bsa o Y AN Baa e salid)l @l :(XY,V)
REJRA|
gl Hladly Al HLad¥) seay ( IV LAY 5sa o ddas) wloW (T, T, T,)
REJ RN
sl il A5 Ayl 3¢l
:halay-1
gl Sladly (Y) i) seally (X) Jasd JY) el of e dY) palidy) a
Do oo IS o i) aldlall g Lo V) o ) ddlia) clensds Al (it (V) i)
c Bl g ¢ S J V) cpmdindl (e S ol k) sl g 3adl jlasly V) ey
o IS a0 Dby @bl g aadl jlodly 4ol Hlaa¥) 5iea (e S e dadall bl
Sy JgY) Gpacinal
p,(T.,T,) =p,(T,, T,) =1......... (13)
p(1.T,) =p:(T.T,) =1

el cllally N iyl 5jpa o agall ol g Lla ) dabes :p, (T, T,)
ISV pdad) b psd) gl sl e
Apaall clally N Yl 5jpa Ao dsdiaall cldlall o bala W) el 1, (T, T,)
(S a8 diad) e dall el e
Lagall Gldlally ol HW0AY) §ypea Ao Bgdall Sl Ll V) Jalas iy (Ty, T,,)
ISV pdad) b pad) gl sl e
Lgall Gldlally Aalill HWEAY) 3ypea Ao Bdiaal)l ldlal) G LY Jbse :p, (Ty, T,,)
(S pdiad) 3 pidl g3l jlas) e
:laady) ) pé) -2
Aaaal) Gldlall Jasd) bad Jae i V'l e Gaig sV bl Jae gsbs aal b
e US B (T) diddl giall ey Lagal) cldll e (Ty) J5¥) JkasVl 5ypal
S Sy Y1 aiaal)
gin o Wl Glesandl aaatl JI aindl 3 (T)) o (T) Jasi) bad de Sany
AL (3) Ualad) avny e

01 (Ty)

o, (T,)

a (Tx\Tv) =D (TxJ Tv)
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o ddaall Gllally JN) Y e o duddall Gllall o blaY) Jalae ¢ Cuag

Jlaad) bd Jue gl (13) Al cum py (T, T,) laals gsbd il g2al lasl

IV adindl b disd) gl laaY ddiall el e V) 5all Raaall Lol
ABDMalL aan

o1 (Ty)

o,(T,)

a; (Tx \Tv) =

s

JaaY Agaal aldlall e IV ssall Lagall @l lasd) bd dae oy (T\T,,)
I adad) b dsal g3l

I gl & (AN JLaaY) e o dagdall Gldall (glad) Gl 0y (T,)

I pdind) b @il g ladl e dagaal) el (gluadll Gl iy (T,)
ARl B acind) 2(T,) Ao (T) Dlasil baa die Jam 4l IS5

2 (T
a; (Tx\Tv) = ZZ ETi

™

e
DY daad aloll e I peall Lael) ol Jasil Ix due cay (T\T,)
(S pindll & il g3l
(S pdad) & N LAY g e gial) Gldlall ghedl Gl 10y (T,)
(S pdindl b sl gl ladl e Aggall oLl (gl GlaiY) 0, (T,,)
&G (T (Ty) 3 aaall Gldlall Jlasi) bad e (gl palidl (8 s o o el
tn Sl JY) aad)
02(T) _ 0.(T3)
o, (T,) B o1(T3,)
e (7)) At by spa Jo Ll Lagall ldlal jlasil ba iy Y Jidby
S5 ds¥) Gpmdindl o IS 3 (T,) Lidall g0 jladl o bl dgasll Gldkal)
AU Al Alsledl e Jeani 4l 3l

01(Ty) _ 02(Ty)
o1(Ty) - o, (T,)
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il e o disdl gaall LadYs (B) ssally (A) sysall ilall e llas ad oo Ul
sua i ad s (0.75 ¢0.76 0.78)

ais Apsdl paall ladly anlas¥) ipsall (b zm dsmall dlae af o a1
Clalaars eopillal) b Bpia djbae slhdl Guall allee ad o Gidaiy 4513 a¥15 i liie
dalall D) c_,\;umxz lags AN 2 )laaY) jseall e 2gh A Cada S Gl s il
Gl G lgaen 250l Aaedle Cpiite Candg 2 ¢(2.5+) ) (2.57) Ge Skl el
Lale 4l Lad)

(Cailly A gall) ) Ailiany) (ailiadl) cilia idal g 3al) @i ol Ao Jy 1
(2004) Slins S LT L Guny e Leidilan Dyl GHLEAY) e Bas Bipa el
b awd GV grna)l Jia Cusy saae 68 (1999) saahs ((1985) Kuwas <l
RGN PEQ
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(4) Joaad)
e ganal) b Ayaal) &l 3y (C, D)LEAY) s sl (Ghal) Uilly Sasail) allany &y gaecl allaa

A8
(C.D) oriipguall ldial) ¢ 3ol D 39l C 5)5all
) alaa (] alas (] alaa ) alaa ) alaa Uas) plaa i)
el 4y gl el 4y gl el 4y gual)
008 | 116 | 0.04 | 079 | 0.043 | 0.95 0.1 0.13 | 0083 | 0.84 | 0.08 0.44 1
006 | 098 | 004 | 017 | 0085 | 108 | 009 | 067 | 0049 | 1.07 | 0.09 0.22 2
0.07 | 094 | 005 | 040- | 0.070 | 1.05 | 009 | 023 | 0073 | 1.04 | 009 |0.18- 3
001 | 1.01 | 0.05 | 040- | 0.086 | 084 | 012 | 0.77- | 0090 | 1.07 0.1 0.32- 4
0088 | 1.04 | 004 | 0.11- | 0041 | 1.12 | 009 | 043 | 0050 | 1.08 | 0.09 0.02 5
006 | 1.02 | 005 | 022- | 0029 | 089 | 015 | 1.2- | 0019 | 1.09 | 009 | 0.14- 6
0.05 1 0.04 | 0.05- | 0.046 | 089 | 013 | 08- | 0020 | 1.15 | 0.09 0.13 7
0.06 1 004 | 012- | 0031 | 112 | 009 | 021 | 0034 | 097 | 0.09 | 0.08- 8
004 | 1.01 | 004 | 0.11- | 0.066 | 0.9 014 | 1.16- | 0043 | 1.08 | 0.09 0.05 9
001 | 099 | 0.04 | 005- | 0083 | 1.1 0.1 0.06- | 0.032 | 082 | 0.09 0.2- 10
009 | 097 | 004 | 005- | 0.046 | 089 | 012 | 056- | 0.031 | 0.74 | 0.09 | 0.05- 11
003 | 099 | 0.04 | 005- | 0.019 | 1.15 0.1 0.09- | 0.024 | 112 | 0.09 0.06 12
007 | 096 | 004 | 012 | 0.010 | 1.07 | 009 | 027 | 0078 | 0.76 | 0.09 | 0.06- 13
006 | 099 | 0.04 0.2 0083 | 1.03 | 011 | 0.23- | 0029 | 081 | 009 | 0.22- 14
007 | 1.03 | 0.04 | 028 | 0.046 | 1.02 0.1 0.08 | 0088 | 0.78 | 0.09 0.06 15
- - - - 0.089 | 096 | 011 | 0.29- | 0.073 | 0.88 0.1 0.22- 16
- - - - 0.014 | 1.19 0.1 0.11- | 0.089 | 1.07 0.09 0.08 17
- - - - 0032 | 092 | 009 | 025 | 0081 | 096 | 0.09 0.17 18
- - - - 0.090 | 0.84 | 0.09 05 | 0019 | 1.06 | 0.09 | 0.08- 19
- - - - 0016 | 094 | 0.09 | 032 | 0022 | 1.09 | 0.09 0.14 20
- - - - 0.024 | 1.07 0.1 0.15- | 0.095 | 1.11 | 009 | 0.04- 21
- - - - 0050 | 1.11 | 0.11 | 0.24- | 0.036 | 1.05 0.1 0.23- 22
- - - - 0.058 | 0.99 0.1 001 | 0032 | 1.09 | 009 | 0.19- 23
- - - - 0.071 | 0.99 0.1 0.01- | 0.042 | 117 | 0.09 0.13 24
- - - - 0.098 | 0.99 0.1 0.03- | 0083 | 1.01 | 009 | 0.03- 25
- - - - 0.041 | 1.03 0.1 0.12 | 0.080 | 1.03 | 009 | 0.17- 26
- - - - 0014 | 1.07 | 0.09 | 037 | 0.068 1 0.09 | 0.03- 27
- - - - 0050 | 0.84 | 0.09 | 066 | 002 | 096 | 0.09 0.11 28
- - - - 0.068 1 009 | 065 | 001 | 1.04 | 0.09 0.27 29
- - - - 0015 | 1.03 | 0.08 | 081 | 0095 | 1.16 | 0.09 0.34 30
0.01 | 094 | 0.04 | 040- | 0010 | 0.84 | 0.080 |-1.200 | 0.018 | 0.74 | 0.080 | 0.32- | *&
0.09 116 | 005 | 079 | 0o9 119 | 015 | 0.81 | 0.09 117 | 0100 | 044 | *2*
0.06 | 1.006 | 0.04 0 005 | 1.002 | 0.10 0 0.05 | 1.003 | 0.091 0 Bt
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(0.44) ) (0.327) o cngli (C) syseall Gygraall 755 ad o (4) ) Jsall (e aad
(0.08) (3o cosidl 3t cilajpall Fygmaa il Alad) Ajladl) cUat) 0 e W ccuad]
Lsuall allas ad e WLl Gliy 48 e Ja bee Bpkua 2l 238 aass (0.10)
Oe )X 38 (D) 3)pall

gy Sasal gl Glyie Ay Bpia djlee elaal wcuad (0.81) S (1.27)
Sppina Ayl elbadl Lad ccundd (0.79) ) (0.40-) o & saaall

slaal ccungd (1.17) ) (0-74) e (C) Bsall b congli 88 Suadl dllas ad g U
Oo mall 55 (D) ypall Ay dpria ad oty (0.09) A (0.01) e xid) djlas
S5 B ad (25 (0.09) ) (0.01) e Ajbaa slaal ccuad (1.19) Y (0-84)
B Ajles cladl Lelile ccungd (1.16) N (0.94) (e Suall ad caagly @il ¢ 3l
il e a sl gl ey (D) ssally (C) syseall lEl clalas ad oo Ul
Bus il g (0.76 <0.78 <0.79)

ais Apsdl paall ladly anlas¥) ipsall (b zm dsmall dlae af o a1
Elalaars eopllal) 6 Bia djbae slhdl Guall allie ad o gidaiy 4313 Yy ¢l
Aalal) Aaedldl Clelaay T 2N Z)LaaY) peall (e a5 Al Cida s o1y cdam il
Gl G lgaen 250l Aaedle Cpiite Candg 2 ¢(2.5+) ) (2.57) Ge Skl el
Lalo 4l e

(Cailly A gall) G tladl) Ailany) (aibiadl) ciia il g 20l @i o) e Ju 13
(2004) lins LS LT L avns leae Leilalae ) LAY e Bas Bpa el
b awd GV grna)l Jia Cuss saa 68 (1999) saahs ((1985) Kuwas Sl
RGN PEQ

Al e Gle genadl Ll

Bgea JS (B 2 S il sda Ll (gladl Ladlly ual dllaes Lgeall dllae cils &
JISub Tamay oadiuly cabeall Sl g 3gall 335 djdall g 2al) ) 28l JLEaY) jsa e
zoas LS (Maximum Likelihood) (gpaill Guaa)¥) sk axiiy 3l (PARSCALE)
1(17) 5 (16) 5 (15) 5 (14) Jshaa
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(5) Jyaad
2 cle ganall b Aaal) A i) (389 (A,C) Ao garall 35l (glaal) Undlly juail) alleag 4 graall allas

Asdl<ial)
(A, C) oiysuall dljidial) g 2o C 55all A gl
) alaa (] alas (] alaa ) alaa ) alaa Uas) plaa i)
el Lagual) ) Lagal) Jratl) Jagual)

0.53 083 | 0.078 | 032 | 0.065 | 0.828 | 0.081 | 0.49 | 0.012 | 0.52 | 0.088 | -0.63 1

0.043 | 069 | 0.115 | -0.35 | 0.031 | 1.058 | 0.089 | 0.18 0.36 1.32 | 0.088 | —0.69 2

0.057 | 058 | 0.078 | -0.39 | 0.055 | 1.028 | 0.089 | -0.15 | 0.069 | 0.99 | 0.087 | -0.33 3

0.065 | 1.10 | 0.078 | 0.11 | 0.072 | 1.058 | 0.098 | -0.29 | 0.046 | 1.15 | 0.079 | 0.27 4

0.065 | 0.65 | 0.078 | -0.26 | 0.032 | 1.068 | 0.091 | 0.05 | 0.063 | 1.08 | 0.078 | 0.39 5

0.096 | 059 | 0.077 | -0.33 | 0.001 | 1.078 | 0.091 | -0.09 | 0.043 | 0.62 | 0.115 | 0.54 6

0.015 | 1.11 | 0.077 | -0.29 | 0.002 | 1.138 | 0.091 | 0.14 | 0.057 | 0.87 | 0.078 | 0.62 7

0.023 | 0.69 | 0.094 | 0.09 | 0.016 | 0.958 | 0.091 | -0.08 | 0.065 | 1.18 | 0.078 | -0.81 8

0.054 | 0.82 | 0.079 | -0.14 | 0.025 | 1.068 | 0.091 | 0.05 | 0.065 | 1.09 | 0.078 | 0.19 9

0.011 | 0.67 | 0.087 | 0.45 | 0.014 | 0.808 [ 0.091 | -0.2 | 0.096 | 1.11 | 0.077 | 0.25 10

0.063 | 055 | 0.078 | -0.25 | 0.013 | 0.727 | 0.091 | -0.08 | 0.015 | 1.09 | 0.077 | -0.33 11

0.043 | 1,09 | 0.115 | 032 | 0.006 | 1.108 | 0.091 | 0.06 | 0.023 | 0.69 | 0.094 | 0.78 12

0.057 | 107 | 0.078 | 036 | 0.060 | 0.748 | 0.091 | -0.06 | 0.054 | 1.25 | 0.079 | 0.74 13

0.065 | 056 | 0.078 | 024 | 0.011 | 0.798 | 0.091 | -0.21 | 0.011 1.12 | 0.087 | 0.18 14

0.065 | 1.02 | 0.078 | 029 | 0.070 | 0.768 | 0.091 | 0.06 | 0.087 | 1.25 | 0.075 | 0.81 15

_ _ _ - 0.055 | 0.868 | 0.112 | -0.22 | 0.053 | 0.52 | 0.074 | 0.17 16

_ - _ - 0.071 | 1.058 | 0.089 | 0.11 | 0.027 | 0.98 | 0.074 | -0.21 17

_ _ _ - 0.063 | 0.948 | 0.089 | 0.22 | 0.099 [ 1.05 | 0.074 | 0.14 18

_ - . - 0.001 | 1.048 | 0.089 | -0.07 | 0.015 | 1.14 | 0.074 | -0.04 19

_ _ _ - 0.004 | 1.078 | 0.089 | -0.29 | 0.084 | 0.98 | 0.088 | -0.39 20

- - - - 0.077 | 1.098 | 0.089 | -0.21 | 0.042 | 1.02 | 0.081 | -0.23 21

_ _ _ - 0.018 | 1.157 | 0.098 | -0.22 | 0.018 | 1.06 | 0.089 | -0.45 22

_ _ - - 0.014 | 1.078 | 0.098 | -0.18 | 0.016 | 1.17 | 0.089 | 0.15 23

_ - . - 0.024 | 1.153 | 0.098 | 0.14 | 0.044 | 1.18 | 0.085 | -0.19 24

_ _ _ - 0.065 | 0.998 | 0.098 | -0.01 | 0.065 | 1.14 | 0.085 | 0.34 25

_ - _ - 0.062 | 1.018 | 0.098 | -0.25 | 0.094 | 0.98 | 0.084 | 0.17 26

_ _ _ - 0.050 | 0.988 | 0.098 | -0.01 | 0.054 | 1.15 | 0.084 | 0.11 27

- - - - 0.006 | 0.948 | 0.089 | 0.14 | 0.061 1.17 | 0.085 | 0.39 28

_ _ _ - 0.000 | 1.028 | 0.089 | 0.29 | 0.023 | 0.68 | 0.084 | -0.05 29

_ _ _ - 0.077 | 1.148 | 0.087 | 0.38 | 0.044 | 0.88 | 0.084 | 0.04 30
0.11 0.55 0.77 | -0.39 |0.0001 | 0.7275 | 0.081 | -0.29 | 0.011 | 0.52 | 0.074 | -0.81 | *«&™
0.53 111 | 0115 | 045 |0.0771 | 1.1575 | 0.112 | 0.49 0.36 1.32 | 0.115 | 0.81 | A8yl
0.05 0.80 0.08 |[0.018 0.04 0.99 0.09 0.00 0.06 1.02 0.08 0.06 Bsgial
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(0-81) ) (0-81-) o wnglis (A) ypall dsniall z)5 ad o (5) ) Jsaad) (sa
(0.07) o otidd 2 cilajall Gygma il Aleall Zojladd) oladl) b e Wl i
Lsuall allas ad e WLl Gy 48 e Ja bee Bpkua 2l 238 aass (0.11)
Oe D)X 38 (C) 3ypuall

Congp iddl gl G dy Bpa Ljbee el wiad (0.49) ) (0.29-)
Sppina Ayl elbadl Load ccundd (0.45) ) (0.39-) o & saaall

slaily ccungl (1.32) () (0-52) oo (A) sl 3 gl 8 nal) dlas a8 e Ul
Oo madll 755 (C) ygall Ay bpria ad oty (0.36) M (0.01) o cxid) djbas
s Bpraa ad a5 (0.11) ) (0.08)0e Ajlins slhsls ccunsd (0.49) ) (0.29-)
B Ajles eladl Leliley ccungd (1.11) Y (0.55) (e Smaill ad canglis @il ¢ 2l
saa it (0.72) (A C) iyseall e Gadadl) @il g aall Loy cildl 4l 5,

ais Apsdl paall ladly anlas¥) ipsall (b zm dsmall dlae af o a1
Jalaars (olladl 8 spia &b sladl Gual) dlae af o Gaay 4913 a¥ls ¢l
Lalall Leedlall ileliaa les AN L,aaV) jpall (e a5 & Caida S oly caa il
Gl (e Lgnsen 250 AaeDle Calpige Candg 38 ¢(2.5+) M (2.57) 0o JSubldl el
Lalo 4l e

(Gually & sall) 3 gladll dilasy) (ailadl) ciiia @il g aall i of Jde Ja 1
(2004) Qlips GlsS LT Lo s lgaa lilalan Sl Chlaal) (e Bras Spa el b
Sboawd GV grna)l Jia Cusy saae 68 (1999) saehs ((1985) Kuwas <l
RGN PEQ
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(6) dse
s cleganall (b Aaal) Ay lail) 335(A,D) deganall agil (glaal) Undlly Suaail) alleag 4 graal) allaa

ddlgial)
(A, D) oy guall i) g al) D 59l A 5)pall
sy alee sy alee sy plee sy ale Uas) alea Uas) alee i)
el Ly gal Sl Ly gal Sl Lygall

0.061 | 0569 | 0.068 | 0.050 | 0.034 | 0.826 | 0.090 | 0.115 | 0.010 | 1.163 | 0.078 | -0.649 1

0.041 | 1.168 | 0.105 | -0.625 | 0.076 | 1.066 | 0.080 | 0.655 | 0.358 | 0.673 | 0.078 | -0.709 2

0.055 | 1.206 | 0.068 | -0.71 | 0.061 | 1.036 | 0.080 | 0.215 | 0.067 | 0.973 | 0.077 | -0.349 3

0.063 | 0.602 | 0.068 | 0.080 | 0.077 | 0.826 | 0.110 |-0.785 | 0.044 | 1.133 | 0.069 | 0.251 4

0.063 | 1.200 | 0.068 | 0.10 | 0.032 | 1.106 | 0.080 | 0.795 | 0.061 | 1.063 | 0.068 | 0.371 5

0.094 | 1.112 | 0.067 | -0.83 | 0.020 | 0.876 | 0.140 |-0.255 | 0.041 | 0.603 | 0.105 | 0.521 6

0.013 | 0.806 | 0.067 | 0.090 | 0.037 | 0.876 | 0.120 |-0.815 | 0.055 | 0.853 | 0.068 | 0.601 7

0.021 | 0.668 | 0.084 | -0.81 | 0.022 | 1.106 | 0.080 | 0.195 | 0.063 | 1.163 | 0.068 | —0.829 8

0.052 | 1.110 | 0.069 | 0.101 | 0.057 | 0.886 | 0.130 |-1.175 | 0.063 | 1.073 | 0.068 | 0.171 9

0.009 | 0.403 | 0.077 | -0.80 | 0.074 | 1.086 | 0.090 |-0.075 | 0.094 | 1.093 [ 0.067 | 0.231 10

0.061 | 0.982 | 0.068 | 0.110 | 0.037 | 0.876 | 0.110 |-0.575 | 0.013 | 1.073 | 0.067 | -0.349 | 11

0.041 | 1125 | 0.105 | -0.772 | 0.010 | 1.136 | 0.090 |-0.105 | 0.021 | 1.303 | 0.084 | 0.761 12

0.055 | 0.627 | 0.068 | 0.216 | 0.001 | 1.056 | 0.080 | 0.255 | 0.052 | 1.233 [ 0.069 | 0.721 13

0.063 | 0526 | 0.068 |-0.662 | 0.074 | 1.016 | 0.100 |-0.245 | 0.009 | 1.103 | 0.077 | 0.161 14

0.063 | 0.892 | 0.068 |-0.628 | 0.037 | 1.006 | 0.090 | 0.065 | 0.085 | 1.233 | 0.065 | 0.371 15

- - - - 0.080 | 0.946 | 0.100 |-0.305 | 0.051 | 0.673 | 0.064 | 0.151 16

- - - - 0.005 | 0.976 | 0.090 |[-0.125 | 0.025 | 0.963 | 0.064 | -0.229 | 17

- - - - 0.023 | 0.906 | 0.080 | 0.235 | 0.097 | 1.033 | 0.064 | 0.121 18

- - - - 0.081 | 0.936 | 0.080 | 0.485 | 0.013 | 1.123 | 0.064 | 0.791 19

- - - - 0.007 | 0.926 | 0.080 | 0.305 | 0.082 | 0.963 | 0.078 | -0.409 [ 20

- - - - 0.015 | 1.056 | 0.090 |-0.165 | 0.040 | 1.003 | 0.071 | -0.249 | 21

- - - - 0.041 | 1.096 | 0.100 |[-1.215 | 0.016 | 1.043 | 0.079 | -0.469 | 22

- - - - 0.049 | 0.976 | 0.090 |-0.005 | 0.014 | 1.153 | 0.079 | 0.131 23

- - - - 0.062 | 1.176 | 0.090 |[-0.025 | 0.042 | 0.503 | 0.075 | -0.209 | 24

- - - - 0.089 | 0.976 | 0.090 |[-0.045 | 0.063 | 1.123 | 0.075 | 0.321 25

- - - - 0.032 | 1.016 | 0.090 | 0.105 | 0.092 | 0.963 | 0.074 | 0.151 26

- - - - 0.005 | 1.056 | 0.080 | 0.355 | 0.052 | 1.133 | 0.074 | 0.091 27

- - - - 0.041 | 0.826 | 0.080 | 0.645 | 0.059 | 1.153 | 0.075 | -0.059 | 28

- - - - 0.059 | 0.986 | 0.080 | 0.635 | 0.021 | 0.663 | 0.074 | -0.069 [ 29

- - - - 0.006 | 1.016 | 0.070 | 0.415 | 0.042 | 0.863 | 0.074 | 0.021 30
0.009 | 0.403 | 0.067 | -0.625 | 0.001 | 0.826 | 0.070 |-1.215 | 0.009 | 0.503 | 0.064 | -0.829 | *~&.
0.063 | 1.206 | 0.105 | 0.216 | 0.089 | 1.176 | 0.140 | 0.795 | 0.358 | 1.303 | 0.105 | 0.791 | i«
005 | 008 | 0.07 | 015 | 0.042 | 0.988 [ 0.092 [-0.014 | 0.058 | 1.003 | 0.074 | 0.046 | L~
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(0-79) A (0-82-) G ol (A) psall Bsmaall 235 o8 (6) ) Ul (10 Lasd
(0.06) 3o osidd 2 cilajpall Gygmaa sl Aeall Zojladd) oladl) b e Wl i
suall allas a8 e W el Gliy 48 e Ju bee Bpkua 2l 238 aass (0.10)
Oe D)X 38 (D) 3y5all

gy Sasal gl Glyie By Bpia dbee eladl wuad (0.79) S (1.27)
i jlne clbaaly Laaf ccundd (0.21) ) (0.62-) (e A sraall

slaily ccungd (1.30) ) (0-50) o (A) sl 3 gl 8 nal) dlas a8 e Ul
(0-82) (0 sucll 5 (D) sypeall iy chiam pd iads (0.35) L) (0) ¢ asidd Tujlunse
il gl Ay Bpia af a5 (0.08) N (0) oo jbna ladl ccuad (1.17) S
B Ajlne elbdl Wbl il (1.20) () (0.40) (o Sl ad con gl

Sus dad a5 (0.74) 8 (A D) oisall lsdl g3l laa¥ cilal dad caaly 8,
ais Apsdl paall ladly anlas¥) ipsall (b zm dsmall dlae af o a1
O alaars (oillall 8 Bia djbea eladl ¢ Guall dllie af o Gy 4303 Yy ¢ i
dalall 4D c_,\;umxj lass AN A)ladV] jseall o 25h Al Cada iy oly s ol
Gl (e Lgnsen 250 AaeDle Calpige Candg 38 ¢(2.5+) M (2.57) 0o Sl el
Lalo 4l e

(Cailly A grall) ) Ailany) (aibiadl) ciia dal g 32l @i ol ey 1o
(2004) Olss OIS Sl Lo s lema Lalalae el ChLEaY) (e Braas gea Ll
b awd GV grna)l Jia Cuss saa 68 (1999) saahs ((1985) Kuwas Sl
RGN PEQ
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(7) sl
s Cleganall b Aaal) Al (38 (B, C) Ao ganall sgil (glaall Unlly Sasalll alleag 4y grall allaa

ddlgial)
(B, C) criiguall i) g ial) C 55l B 5all
sy alee sy alee sy plee sy ale Uas) alea Uas) alee i)
el Ly gal Sl Ly gal Sl Lygall

0.010 | 069 | 0.091 | -051 | 0.056 | 0.740 | 0.072 | 0.053 | 0.056 | 1.018 | 0.071 | -0.170 1

0.016 | 090 | 0.071 | 0.35 | 0.022 | 0.970 | 0.080 | 0.093 | 0.028 | 0.868 | 0.081 | -0.460 2

0.044 | 0.85 | 0.071 | -059 | 0.046 | 1.070 | 0.080 |-0.237 | 0.077 | 1.018 | 0.071 | -0.140 3

0.073 | 069 | 0.071 | 0.36 | 0.063 | 0.970 | 0.089 |-0.378 | 0.010 | 0.858 | 0.081 | -0.370 4

0.007 | 1.14 | 0.071 | -056 | 0.023 | 0.640 | 0.082 |-0.037 | 0.016 | 1.35 | 0.091 | -0.080 5

0.033 | 068 | 0.071 | 0.28 |-0.008 | 0.990 | 0.082 |[-0.177 | 0.044 | 0.908 | 0.071 | 0.040 6

0.027 | 096 | 0.071 | -0.62 |-0.007 | 1.050 | 0.082 | 0.053 | 0.073 | 0.77 | 0.071 | 0.640 7

0.066 | 0.73 | 0.081 | 0.26 | 0.007 | 0.870 | 0.082 |-0.167 | 0.007 | 0.868 | 0.071 | -0.060 8

0.0600 | 1.15 | 0.071 | 0.38 | 0.016 | 0.980 | 0.082 |[-0.037 | 0.033 | 0.878 | 0.071 | 0.260 9

0.086 | 0.66 | 0.071 | 0.23 | 0.005 | 0.720 | 0.082 |-0.287 | 0.027 | 1.178 | 0.071 | 0.280 10

0.070 | 065 | 0.091 | -056 | 0.004 | 0.980 | 0.082 |-0.167 | 0.066 | 0.918 | 0.071 | -0.080 | 11

0.010 | 126 | 0.071 | 026 |-0.003 | 1.020 | 0.082 |-0.027 | 0.060 | 0.888 | 0.081 | -0.610 | 12

0.016 | 068 | 0.071 | 0.41 | 0.051 | 0.660 | 0.082 |-0.147 | 0.086 | 1.148 | 0.071 | 0.170 13

0.044 | 052 | 0.071 | 0.39 | 0.002 | 0.710 | 0.082 |-0.297 | 0.070 | 0.908 | 0.071 | 0.180 14

0.073 | 110 | 0.071 | 0.58 | 0.061 | 0.680 | 0.082 |[-0.027 | 0.012 | 0.958 | 0.071 | 0.230 15

- - - - 0.046 | 0.780 | 0.103 |-0.307 | 0.080 | 1.228 | 0.071 | -0.080 | 16

- - - - 0.062 | 0.970 | 0.080 | 0.023 | 0.025 | 1.158 | 0.071 | -0.130 | 17

- - - - 0.054 | 0.860 | 0.080 | 0.133 | 0.084 | 1.218 | 0.071 | 0.210 18

- - - - -0.008 | 0.960 | 0.080 |-0.157 | 0.050 | 1.098 | 0.071 | -0.110 | 19
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Abstract:

Effectiveness of the Equating Method Using the Anchor Test in the
Equating of the Achievement Test- An Experimental Study for the First
and Second Secondary Schools in Damascus Governorate Schools

The domain of equivalence of tests is one of the important applied fields
in psychological and educational measurement. Large-scale testing
programs often require multiple versions of different tests to ensure the
confidentiality of the tests, and enable the student to retry more than once.
These formulas may be necessary in the acceptance tests, structural
evaluation, prediction, etc., and because of the importance of the
decisions resulting from the outcome of the application of the tests, and to
reduce the frequency of application to the same examinees it resorted to
build several images equal to the test. So that the mark of the examined
on any of these images will have the same significance and standard
value if they were achieved on another image of the test. But in practice
such a full parity rarely occurs. It will be therefore necessary to equate the
grades to the target test images. A nchor test-based design, the equivalent
and non equivalent groups, is one of the most prominent designs used to
perform the equation process. It uses a variable number of anchor test
items, and uses different samples of size or type. Asymmetric samples
may be chosen randomly, and again non-quivalent samples may be non-
random. As these factors have an effect on the accuracy of the equation,
several studies have been conducted to verify the most effective equation,
The sample that achieves the greatest accuracy of the equation.

The current research aims to identify the effect of the equation method
and the most effective by using the anchor test and the number of items
and the size of the sample on the values of equation and error in the
equation between the test results in the statistics and financial
mathematics in the commercial secondary stage for the first and second
secondary schools in Damascus governorate. The researcher used six
methods to equate students' grades (Tucker, Levine, Brown-Holland,
Equipercentile, the Observed-score equating method, and the true-score
equating). To recognize the accuracy of the equation, the standard error
test was used.

In order to achieve the objectives of the research, the researcher has built
two standard tests: one for first grade students and the other for students



of the second grade of commercial secondary vocational level in the first
and second units of the statistical and financial mathematics courses.
Each test may consist of (30) Item four alternatives one of which is true
only, and has also built the external anchor item test for the first and
second secondary commercial classes together.

The basic research sample consisted of (3028) male and female students
in the first and second secondary grades of commerce. The number of
students in the first grade of commercial secondary school reached (1575)
students and the number of secondary students was (1453) students,
where the experimental images were applied in all commercial vocational
secondary schools, there are (14) schools in the province of Damascus, in
the first semester of the academic year 2016/2017.

The researcher adopted the analytical descriptive approach to the analysis
of the units assessed by the statistical and financial mathematics
supervisors for both the first and secondary commercial grades, and the
experimental method in applying experimental images prepared for
research purposes.

The most important results of the research:

- The results showed that test images have good psychometric properties
that make it possible and reliable to use; the scales have enjoyed
acceptable degrees of validity and reliability. Where the results of the
analysis showed the existence of one factor explains the difference by a
large distinction from other factors whose underlying root values are
greater than one, which gives a one-dimensional evidence of the
experimental images; measuring the same (ability), the parameters of
difficulty and discrimination were calculated using BARASCALE and
with two parameters model , and calculated reliability coefficients for all
test images (0.70-0.79).

The results of the statistical analysis indicate the accuracy of the method
of tucker when using the anchor test design of equivalent and non
equivalent groups according to the standard error of the equation, where
the standard error value changes according to the change in the value of
the mark, taking its smallest value at the mean of the mark, it is increased
when it gets closer to the sides value , and this is evident in the graphical
representation of the equation errors resulting from the equation in the
tucker and Levin method, The Equipercentile method produced a winding



line that is almost curved down, so that the values converted in the
Equipercentile method at the distribution ends are lower than those
converted by other methods. In the methods that follow the item response
theory of measurement, the conversion curves converged and sometimes
coincided with the upper marks in the distribution and differed at the
lower marks.

As for the differences between the mean error values of the different
equation methods between equivalent and non equivalent groups, they
were in favor of error values equivalent to the neutral signs resulting from
the performance of then on equivalent groups; that means it produced
fewest errors.

The results with respect to the effect of the sample size on the equivalent
values and the amount of equation error in the experimental images
showed that the equation errors increased when the sample sizes used
were reduced when the samples were equivalent and non equivalent; that
is, the accuracy of the equation increased by increasing the number of the
anchor test items.

The differences between the mean error values of the different equation
methods between the equivalent and non equivalent groups when using
different numbers of anchor test items were in favor of error values
corresponding to the equivalence scores resulting from the performance
of equivalent groups; that’s mean produced fewest error.

The results showed that there is a significant effect on the size of the
sample, the variable of the equation method, and the variable number of
the anchor test items when neglecting the other variables. There is a
significant interaction between the sample size and the equation method.
There is a significant interaction between the sample size and the
numbers anchor test items, And that there is a significant interaction
between the number of anchor test items and the equation method. There
is also a statistically significant interaction between the three variables
(sample size, equation method and number of anchor test items) in
equivalent and non equivalent groups.
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