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5.1 Frequency Estimation Method ;’é,a S \%i@ ‘35 /%
JE 47 ik 4E

The frequency estimation method (457517 )described by Angoff (1971) and
Braun and Holland (1982) provides a means for estimating the cumulative
distributions( 2 & 47-1fi1) of scores on Form X and Form Y for a synthetic

population (£ Ji fiFH4)from data that are collected using the common-item
nonequivalent groups design.




5.1 Frequency Estimation Method

5.1.1 Conditional Distribution

Define f (x, v) as the joint distribution of total score and common-item score,
so that T (x, v) represents the probability of earning a score of x on Form X and a score of v on the common
items. Specifically, f (x, v) 1s the probability that X =x and V = v.

Define f (x) as the marginal distribution of scores on Form X, that 1s, f (x) represents the probability that X = x.
h(v) as the marginal distribution of scores on the common items, so that h(v) represents the probability that V =v

f (x| v) as the conditional distribution of scores on Form X for examinees earning a particular score
on the common items. Thus, f (x | v) represents the probability that X = x given that V = v.

[, v)
falv) = 75 (5.1)

From Eq. (5.1), 1t follows that

f(x,v) = f(x[v)h(v). (5.2)



5.1 Frequency Estimation Method

5.1.2 Assumptions and Procedures

ek B - FESL ) R AT ReET B Y E R o 7E X B Y I BRA 2 1Y
iRt Be (R L) Rl 7 B E R ) SR 5 MR MR e P 2L H ik

—FERE I ) & BCBEERS  (synthetic population) FE X HIEEFT Y 8B R 4G
PEHI R EC > RIR R X R Y R b B AR R B A SRk
A5 ) o i RGREEETE X BN Y Bz Bl - TR R A AR

,/ _‘x (X)=w l j ‘1 ( X)+w . j 3 (X)

o~

(5.3)

2:(y)=wig21(y) + wygs(y) B s [RFEE RS > 10 2 4 HIHREBOE X EEFN Y T R LRTHERE 2 5
FHF o R g BER XY JER B4 o T w1 FT w2 a3 BRG] 2
ZIHMELE > Hwi+wa =1 o




5.1 Frequency Estimation Method

Ay e 005281 (n)?
fs X)=wfi (x) +wifs (%)
(5.3)
g:(y)=wigi(y) + waga(y)

Biem et €
HEEEENE] €
EEEEEERl @

It 5] XAV
hi(v) ~ hao(v)

Wi1tW>2 — 1
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5.1.2 Assumptions and Procedures

T

4—% El/ylt%n_» ?JC" iP3

HERIIE() > KA ﬂpa_aﬁl%ﬁﬂz{HJX/ﬁJ B FERS2 )it

RARAN o

RIA B LR XY #Hlats

e
(x|v)=fo(x]|V)

g1y v)=g(y|v)

5.4)

S

/

(=3

Hrb s f(x|v) fl g(y|v) B X FTY T 485
I [a] SR Y B AR e

it

- |

Lt

oy BGRAT 70

B3I XTI B ) £1(c) B

SS=wm

WEEA

T

> PUR A

bic:i

it

IHY

b X > g () Bifi(v)

U PASEWS




5.1 Frequency Estimation Method

5.1.2 Assumptions and Procedures

IR R EH N F(5.2) fiv) = fxv)h). (5.2)
f2(x,v) = fa(x|v)ha(v) and g1(y,v) = g1(y|v)h1(v). (3.5)

LA T(5A)H(5.5) » BEIR TG0 T

f2(x,v) = f(x|v)h,(v)

= fi(x|v)h,(v) et
(5.6)

filx|v)=£(x]|v)

| 5.4
g1(y|v)=gy|v) 2:4)

91y, v) = g.(y|v)h, (V)
= g,(y|v)h,(v)
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5.1.2 Assumptions and Procedures

AR PR 5y RS 2 A T 30 XCIH0 B A Y B > W00 B () 2 R
e B ARHERHINA] 3R H fo(x) B gu(y) -
I T(5.6) > FAMATFIH EFESA () ~ 200v) ~ b (v) > h2 (v)
R (xv) > @)
f2(x,v) = fo(x|v)h,(v)
= f1(x|v)h,(v)

JIT

(5.6)

91y, v) = g,(y|v)hy (V)
= g,(y|v)h,(v)



5.1 Frequency Estimation Method

5.1.2 Assumptions and Procedures

I E & ° Define f (x) as the marginal distribution of scores on Form X

LI S:WEEN)

r(x) = ; fr(x, v) = Zv: fi(x|v)h2(v) and f,(x,v) = f, (x|v)h,(v)

B , (5.6)
g = g, v) = @A) s 910 =g:0vh@)



5.1 Frequency Estimation Method

i Zfz(x, ) = Zfl (x|v)h2(v) and

i (y,v) = (y|v)hy(v)
A2 TF(5.7) FRAXTF(G3)H Al 45 ;9‘ ) Zv:g” |

fs(x) = wy filx) + wifz(x) (3.3)

5.1.2 Assumptions and Procedures

9s(y) = wig1 () w292(y),
i

fs(x) = w1 fix) + w2 ) fi(x[v)ha(v) and

RAERSE X B Y JH B gs(¥) = wi Zgz()’lv)m(v) + w292(y).
41 BC Al SR

(5-7)

(5.8)
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5.1.2 Assumptions and Procedures

ENEREEEE > fi(x) FLLEMBIEMERELEZRE M F (x) o
ZR1M0 Gs (y) el HAHE T AR o
EFe P X MBS H 7550 KB > HES PR AP E T EFE R ET
EAYHERRI B 758 K8 Qs - ML > P71 R O L\ A EDLREL -
A R R S R evs(x) = Q) ' [Ps(x)], (5.9)
2

BRI S5 2. 177 B FE AR RS <5 B A 1R

ey(x)=y=Q '[P(x)], —-.5<x<Kx+.5. (2.17)

ey(x) = Q'[P (x)]

P(x)/100— Gy, — 1) |
— -+ — ) O0< P 100,
Gy — G, —1) T Wu ) = Fx) <

= Ky + .5, P(x) = 100. (2.18)

Lul
mmy
i
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5.1.2 Assumptions and Procedures

NI (5.4) BIIREUS FTH R EAS Be A FH A H 36 [ TE IE S 380 A e AR B B0
AT B o 2% 1 BatiE Rk > — AR BB IR AT ER A YRl > 2K
H BERE 2B AR M % AR B T R X -

AW > 8 BEOB R E R P AT o WURBHIS LRIRERS2AH (W] > Bl 2 55 3

(5.4) PREREE - Fedin Ll > BRI FIREEE 28O, > B E RO A 1] BE K
i o W o RAEREREE S AL » A EET IREUL T - “&HAE L B H
UL B B A S5 AL T S A T AL RE B P A B i 15 o i AR RS 22 LRI > B 8
B BB BRI 71k o INASEEAR 1 HE i A2 1 U R T 1A (Modified
Frequency Estimation) 8, 2563 i i IRT /7 ik » (58 488 25 SR KIE » AST] RE
HEAT T B o S 8T HE— 2 5 i i 118l [H]E -
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5.1.3 Numerical Example
B2 A — (B2 S R RS Y B (B0 248 B8 B B A B R T Y -
fEE B XERASIETEHE - Y B A SMEIEH - 5 AT 3ME 2L [ U -
(B e 3L ] il e A MY o

Table 5.1 Form X and common-item distributions for population 1 in
a hypothetical example

1055

),

X 0 1 2 3 fi(x) F1(x)
0 04 .04 02 .00 10 10

] 04 08 02 01 o 25

2 06 J2 05 02 23 S50

3 .03 A2 05 X3 25 4D

4 02 03 .04 06 & Fo 90

5 01 01 .02 .06 10 1.00

hi(v) 20 40 20 20

Note Values shown in the body of table are for fi(x, v)
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5.1.3 Numerical Example
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5.1.3 Numerical Example

Table 5.1 Form X and common-item distributions for population 1 in  Table 5.2 Form Y and common-item distributions for population 2 in

a hypothetical example a hypothetical example
v v

X 0 1 2 3 f1(x) Fi(x) y 0 I 2 3 92(y) G2(y)
0 .04 .04 .02 .00 10 10 O 04 .03 01 .00 .08 .08
1 .04 08 .02 01 15 25 1 07 05 07 01 20 28
2 .06 J2 .05 02 29 S0 2 03 05 ¥ 02 22 50
3 .03 12 05 05 25 5 3 03 04 13 05 25 15
4 02 .03 .04 06 e 90 4 02 02 05 06 1 90
5 01 01 .02 06 10 1.00 S 01 01 02 06 10 1.00
hi(v) 20 40 20 20 ha(v) 20 .20 40 20

Note Values shown in the body of table are for fj(x, v) Note Values shown in the body of table are for g>(y, v)
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5.1.3 Numerical Example
25 RIS, 200 BT 51 5 REA A A P B8 6 S 4 AL it v o R
2o AT HGRIXTIR - DR X RBR ZE TR o 0 A0 W« B -
1Y B Bl st AT A © 281 > 307 (5.4) IR B G RHRGEAS28 0T LA
(BNl fix|v)=£(x]v)

(s
T

;===

(s

gi(y|v)=g(y|v) G fs(x) = wi fix) + w2 ) fi(x|v)h2(v) and

gs() = w1 D g2 (yIv)h1(v) + w2g2(y). (5.8)

BT AR )
Eawi=1 > RF (58) H T LUFHIRIL -

w2=()

fs(x)= filx) and g;(y) = Zgz (y|v)h(v). (5.10)
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5.1.3 Numerical Example

(5.10) BEE—Ez=F fi(x) = fik)FEHH
CAHIE o PRI > RS5.1H f1(x)HY:
N AFERFIFwl=1 > &%

53

Rt T

g3

=i
A A H T wi=1 BFs(x)
SR AR o Ik > I (5.10) HEyEE —fE T

+ e

Y X Bt 7 7y P SRR 1

1R 28 YIE 70 SR 7 A I SR 2 o FRP RS 1 AP 15 A Tl Y 00 e »

PR I AT w0 A FH AR 2 HP 45 o S ) e 0 )

fC L H

B IR A

—

I > WARBEaZ At 47

AL N ) P TN %é}[ﬁfﬁ? (54) |
%5 3% EH J’ P 20 Y B kA BT © A T

g2(y, v)

92(ylv) = == o

=LA
il >

HYFEIFREE FAMHR SR - B

JHHH

__LA

RHPHYE > HUFRS 270 B 5 1
2R A

(5.11)

filx|v)=£x]|v)

g1y |[v)=g(|v) (213)
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5.1.3 Numerical Example

Table 5.2 Form Y and common-item distributions for population 2 in
a hypothetical example

v

Table 5.3 Conditional distributions of Form Y given common-item
scores for population 2 in a hypothetical example

y 0 1 2 3 3 G2 (y) y 0 1 2 3

0 04 03 01 00 08 08

T o T R R B 20, 15 025 00

2 03 05 12 02 29 50 1 34 25 7S 05

3 03 04 13 05 25 75

4 02 02 05 .06 15 90 2 % b 2 .30 10

5 01 01 02 06 10 1.00 3 15 20 325 25

ha (V) 20 20 40 20 ' ' ' '

Note Values sho\vn in the body of table are for g»>(y, v) ; 10 10 125 .30

5 05 05 05 .30
04 hy(v) 20 20 40 20
_— — 2 Note Values in the body of the table are for g2 (y|v) = ”,";i’(’;‘)’)

b7
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5.1.3 Numerical Example

#8 k12 H A 48

Table 5.1 Form X and common-item distributions for population 1 in Table 5.3 Conditional distributions of Form Y given common-item
a hypothetical example scores for population 2 in a hypothetical example
v v

x 0 1 2 3 f1(x) Fi(x) Yy 0 1 2 3
0 04 04 02 00 10 10 0 15 025 .00
1 04 08 02 01 15 25 1 25 175 05
2 .06 12 05 02 25 : 25 30 10
3 .03 {5 .05 .05 25 20 325 2
4 10 125 .30
5 5 ; .05 05 .30
hi(v) / : hs(v) : .20 40 20

Note Values shown in the body of table are for f;(x, v) Note Values in the body of the table are for g>(y|v) = %(%)

fsx)= fikx) and § () =D g([v)hi(v). (5.10)




5.1 Frequency Estimation Method

5.1.3 Numerical Example

Table 5.4 Calculation of distribution of Form Y and common-item scores for population 1 using
frequency estimation assumptions in a hypothetical example

v

0 | 2 3 gi(y) Gi(y)

y

0 200.20) = .04 .15(.40) = .06 .025(.20) =.005 .00(.20) =.00 .105 105
] S3(.20) = 07 .25(.40)=.10 .1/5(.20)=.03> .01O(20)=.01 .21 320
2 J3(20) =03 .25(40)=.10 3020 =.06 .10(.20)=.02 .210 530
3
4
5

15(.20) = .03 .20(.40) = .08 .325(.20) =.065 .25(.20)=.05 .225 755
100.20) = .02 .10(.40) = .04 .125(.20) = .025 .30(.20) = .06 .145  .900
05(.20) = .01 .05(.40) = .02 .05(.20) =.01 .30(.20)=.06 .100 1.000

hy(v) 20 40 20 20
Note Values in the body of the table are for g1 (v, v) = g2(y|v)h1(v)
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5.1.3 Numerical Example

Table 5.5 Cumulative distributions and finding equipercentile equivalents for w; = 1

X Fi(x) Py (x) y Gi(y) Q1(y) X eys(x)
0 100 5.0 0 105 5.25 0 —.02

| 250 if P | 320 2125 | 83
2 S00 37.5 2 530 42.50 7 1.76
3 150 62.5 3 Bf o e, 64.25 3 2.92
4 900 82.5 4 900 82.75 4 3.98
S 1.000 95.0 5 1.000 95.00 S 5.00
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5.1.3 Numerical Example
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5.1 Frequency Estimation Method

5.1.3 Numerical Example

IRAAT R Hifo (o) 5 g () ?
fs ) =wifi (x) +wifs (%)
(5.3)
&:(y)=wigi(y) + waga(y)

Biem et €
HEEEENE] €
EEEEEERl @

It 5] XAV
hi(v) ~ hao(v)

Wi1tW>2 — 1
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5.1.3 Numerical Example

£ ) =wfi (x) +wifs (x) | filx|[v)=fo (x|v)

A t '
(5.3) SSUMpons (5. 4)
g1y |v)=g(y|v)

f2(x,v) = fi(x|v)h,(v)
91, v) = g,(y|v)h, (v)

g:(y)=wigi(y) + wyg,(y)

L&) = folx,v) = Zfl(xh))hz(v) and (5.6)

g1(y) =D _ q1(y,v) = ngy\v)hl(v) (5.7)

fs(x) = w1 fi(x) + w2 D fi(x|v)hz(v) and

9s() = w1 D g2 (y[v)h1(v) + w2g2(y). (5.8)




5.1 Frequency Estimation Method

5.1.3 Numerical Example

Table 5.1 Form X and common-item distributions for population 1 in

a hypothetical example

Table 5.2 Form Y and common-item distributions for population 2 in
a hypothetical example

X 0 1 2 3 f1(x) F1(x)
0 .04 .04 .02 .00 10 10
1 04 08 02 01 15 2D
2 06 N . 05 02 2D S0
S .03 Y 7, 05 03 2 A
4 02 .03 .04 06 2D .90
5 01 01 02 .06 10 1.00
hi(v) 20 40 20 20

Note Values shown in the body of table are for f;(x, v)

y 0 1 2 3 g2(y) Ga(y)
0 04 03 01 .00 08 08
1 07 05 07 01 20 28
2 03 05 12 02 22 e,
3 03 04 13 05 2D D
4 02 02 .05 06 1D 90
5 01 01 02 06 10 1.00
hs(v) 20 20 40 20

Note Values shown in the body of table are for g»(y, v)

fs(x) = wi fi(x) + w2 ) fi(x|v)h2(v) and

9s() = w1 D ([ (v) + w2g2(y). (5.8)
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5.1.4 Estimating the Distributions
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s

=

SRRV E 5

fix|v)=£(x|v)

(5.4)

gi(y|v)=gy|v)

AL BB - AT > B — AL %
EHA A —4lH A — e S T8 BB T —

S — 22 A ELS v, JarjourafliKolen (1985) ftagfdi
) YERIRIT5)

AV ATE > A ZE kB R T R T T4

o = U e (54 EF'FiE&F)?ﬁV’gI(V\V):gzww)
4o HIRZVATFIEG (v | VBINET

T Pe
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5.1.4 Estimating the Distributions

VG Ty e B] DLBR YT 7y e — e B o HollandFliThayer (1987,1989, 2000)
von DavierZ: A\ (2004a) > RosenbaumAfliThayer (1987) TEIX {j\ AL ET S 5 Rl 1 ¥
SR TS T TR E R o PEE I > JEIL [RIECE R 4 BOR L R B ) 40 B e
A3 BOA SR THE S o MR AR T Pl i kB =t 7 1A SR L iR I & 4
"Ij o

=

=

" —

fof i FE 7 A TR S TR B S ‘DE%%AA VR L s RSt AL By R vick
AL AT AR o B TRITEBE I > 75 e BB 4 FOAH H] i) 25 BE S B A
}Jzi% Ay - 2 T R e BRI S BCAR R e A yﬁé\ﬁ}ﬁﬁﬁ’]ﬂﬁ,\ o filtn > A IR E—
(B > Ao f{J8 g PR o0 O ) Ry U B 22 DL R B 5 IR o3 B i) 428 SEL AR 5 © R AR )
3 PG ] DL B E A B AR AR B AR S P AR T L o

MosesFlHolland (2010a > b) A5 1 5 FH B S~ B~ TR 5 20 M AS [R] AR R 258 45
Fik o
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5.1 Frequency Estimation Method

5.1.4 Estimating the Distributions

5~

Lord’s (1965) betad /5 ik v] FIjineT A48 43 A ] 5t o7 B 543 B - FEAE R e
> AR Rl U ) B 4 BoR AR IR B 0 o R O A © sttt - 4R iH1
B A2 [e] B B ) 2 52 AH ] B 454 © Hanson(1991) ~ LivingstonfliFeryok (1987)
LiouwfICheng(1995)4i5 i » — e i ] LIS m SL R RS (B s T I A LRS T
KolenFflJarjoura(1987 )i 1t ] — ARG BRI B5U% V-1 T 1A S0 3 B T At a7 T ) EL 4
fiff o

TEiE T iET > AT It B R T ARG B IR RIS B D - MR E
P o — 5 A S ) = IR bR B0 © D7 1 B E— T Al
JarjourafiiKolen (1985) & Hi TR B a4 AL B HER 22 AR AR PR BRI HERR £ o
KolenflJarjoura (1987) # 1 IREAEHT A B = IRBR I R BE e = T S (LA BE o




5.1 Frequency Estimation Method

5.1.5 Special Case: Braun-Holland Linear Method

Braunf{IHolland(1982) $2 1} 1 —H&RVEIT S » "EH O R HEsoa A2 i~ F- 2 (B

(54) WHEIREALRHEGE T > SRS X B &

ps(X) = foS(x)a

0H(X) = ) [x — ps (X)) fi (x),

X

PR AR T AR b o 48 7 YR B SR DU B HY ) Tucker linear method 25 JJ4HER  FEI T

(P E AR EZE ] DL Ay

(D:.12)

(5:13)



5.1 Frequency Estimation Method

5.1.5 Special Case: Braun-Holland Linear Method

ps(X) = fog (x), (5.12) fi(@) = wi i) + w2 > fixlWha(v) and

J(y) = h . 5.8
0.3(X)=Z[x—us(X) £, (), (5.13) 9s(¥) wlzgz(ﬂv) 1(v) + w2g2(y) (5.8)

X

Js(x) HKEJC?(S 8) » YHIERH & ARSI ERMEE ZE S R

H SEAE Hp i i ) R TR IE SR ant > 45 B PR EAIEREZE A] DL — BN AR
M EEH MRS > TEia #H A ’7%Braun and Holland linear method o

Braunf{iHolland (1982) F5Hi > & A ALK > 4% I Braun-Holland #1477 45 H HY
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3.1 Frequency Estimation Method

5.1.5 Special Case: Braun-Holland Linear Method
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5.1 Frequency Estimation Method

5.1.5 Special Case: Braun-Holland Linear Method

Table 5.6 Computation of equating relationship for Braun-Holland method in a hypothetical

example
From Table 5.1 From Table 5.4

X f1(x) y g1(y)
0 100 0 105
1 AU 1 219
2 250 2 210
3 250 3 22D
4 150 4 145
5 100 2 100
11 (X) 2.5000 1 (Y) 2.3900
o1(X) 1.4318 o1(Y) 1.4792
slope = dadil = 1.0331

1.4318

intercept = 2.3900 — 1.0331(2.5000) = —.1927
lys(x =0) = —-.1927,lys(x = 1) = .8404, ly,(x = 2) = 1.8735,
lys(x'=3) = 290060, 1ly;(x =4) =3.9397, ly;(x =35) = 49728
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5.1.5 Special Case: Braun-Holland Linear Method
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5.1 Frequency Estimation Method

5.1.5 Special Case: Braun-Holland Linear Method

Table 5.6 Computation of equating relationship for Braun-Holland method in a hypothetical

Table 5.5 Cumulative distributions and finding equipercentile equivalents for w; = 1

example
From Table 5.1 From Table 5.4

X J1(x) y g1(y)
0 100 0 105
| 150 1 21D
2 250 2 210
3 250 3 22
4 150 4 145
5 100 5 100
11 (X) 2.5000 11 (Y) 2.3900
(J’](X) 1.4318 (J’](Y) 1.4792
slope = sadii = 1.0331

1.4318

intercept = 2.3900 — 1.0331(2.5000) = —.1927

lys(x =0) = —.1927,lys(x = 1) = .8404, ly;(x = 2) = 1.8735,
lys(x = 3) = 29066, ly;(x =4) =3.9397,lys;(x = 5) =4.9728

X Fi(x) Py (x) y Gi(y) Q1(y) X eys(x)
0 100 5.0 0 105 D2 0 —.02

1 250 | & ke | 320 2125 | .83
2 500 319 2 530 42.50 2 1510
3 750 62.5 3 51D 64.25 3 2.92
4 900 82.5 4 900 82.75 4 3.98

5 1.000 95.0 D 1.000 95.00 5 5.00




5.1 Frequency Estimation Method

5.1.6 Illustrative Example

4 B B BREAR O 5B 1 R ET SR ER— 07 o ANRZE L - A s T RY
A 3618 TE H 1Y 2 TR AR o PR 1 Wi e — X B Yi le o A8 by B =188
H A — ISR GE - SERRUETEAHE RS ERIDLEARTR] o R > 253 ~ 6 ~ 93H  RERFE
$&L361I1ﬁ%1213%ﬁlﬁﬁ > 165545 %A XSS > 163844 3538 1 FH YT -

Table 5.7 Moments for equating Form X and Form Y in the common-item nonequivalent groups

design

Group Score il o sk ku Correlation
l X 15.8205 6.5278 5799 2 d21d o1, V)=
| V 5.1063 2.3760 4117 2.7683 .8645

2 Y 18.6728 6.8784 2051 2.3028 m(Y,V) =
2 V 5.8626 2.4515 1072 2.5104 8753




5.1 Frequency Estimation Method

5.1.6 Illustrative Example

Table 5.7 Moments for equating Form X and Form Y in the common-item nonequivalent groups

design

Group Score il o sk ku Correlation
1 X 15.8205 6.5278 5799 2.7217 p(X, V)=
1 V 5.1063 2.3760 4117 2.7683 8645

2 Y 18.6728 6.8784 2051 2.3028 m(Y,V)=
2 V 5.8626 2.4515 1072 2.5104 8753

ARPERFTINES. 7~ (skERANMEFTRE » ki~ mEgRs) o
Yz XH ER 1R 57 3 e JL R ) IE R 8O E 55.5. 1063 > FEH#ESE F42 3760 o
% YIH Bt 57k 7o e m) il E A IE RS OB A 5.8626 > FEHESEFD 45]5 o




Table 4.3 Directly observable statistics for an illustrative example of equat-
ing forms X and Y using the common-item nonequivalent groups design

5.1 Fl‘equency ESﬁmaﬁOn MethOd Group Score [L o Covariance Correlation
] X 15.8205 6.5278
: 1 1% 5.1063 2.3760 13.4088 8645
5.1.6 Illustrative Example 2 Y 18.6728  6.8784
2 1% 5.8626 2.4515 14.7603 8753

Note Ny = 1,655 and N, = 1, 638

Table 5.7 Moments for equating Form X and Form Y in the common-item nonequivalent groups

design

Group Score L o sk ku Correlation
1 X 15.8205 6.5278 5799 P A I p1(X,V) =
1 V 5.1063 2.3760 4117 2.7683 8645

2 Y 18.6728 6.8784 2051 2.3028 (Y, V) =
2 V 5.8626 2.4515 1072 2.5104 8753

ARG L [FEE R AT > i) YR Y INHABP HER FH XGGE R INH SRR )
ARFRPTRBI SR ERHI R TR A 45 Pl B s R SRR B © 365, 7RI
—HGRTERHL AN R4S o

SR IR sk B i i) CIPE s i Fe 2O T -




5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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5.1 Frequency Estimation Method

5.1.6 Illustrative Example

7¢5.8 B RS iG] VA B e A BA S s T B0k

v

i H b4E 2\
1750 1 IR UER T BERear o . | | |
Table 5.8 Analysis of residuals from the linear regression of total score on common-item score

’“’““ﬁﬁJtH ﬁF;E;lEF'T CRpE P ER  fogow!

v Number of Mean X Standard Deviation Mean X given v, Residual

/t_‘_‘/ A EI/J 5 él—z )K examinees given v X given v Linear regression mean
0 14 6.2143 2.2097 3.6923 2.5220

ﬁ‘ﬁ J EH Tf ;tt:[j itﬂ Ve 15 ﬁ}_FX ,BH;AE l 54 7.5741 2.2657 6.0674 1.5067

2 142 9.1901 2.6429 8.4425 7476

El’]%zlli/]pé[/ o ﬁj}[l[l ? 144’% H nﬁ]ﬂ 3 249 10.8032 2.9243 10.8177 —.0145
4 274 12.7628 3.1701 13.1928 —.4300

A3 ZZ N2 A FEXHN B E R 4443 5 247 15.1377 33302 15.5680 — 4303
6 232 16.9957 3.6982 17.9431 —.9474

62143 o 7 173 20.5260 3.5654 20.3182 2078
5 i 8 118 23.1610 3.5150 22.6934 4676

o - il Y = 9 75 25.6533 2.8542 25.0685 5848
SE IL[HTA: )F ié': 42 28.5000 3.4658 27.4436 1.0564
g B/ gy = AN il YR ) ?fﬁ-*z 27 31.1852 2.1780 29.8188 1.3664
AT AR AR Al X 3 33.2500 1.6394 32.1939 1.0561
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Table 4.3 Directly observable statistics for an illustrative example of equat-
ing forms X and Y using the common-item nonequivalent groups design

o o Group  Score [L o Covariance Correlation
S.1 Frequency Estimation Method e e
1 V 5.1063= 23760  13.4088 8645
: 2 Y 18.6728  6.8784
5.1.6 Illustrative Example 2 v 58626 24515 147603 8753
Note Ny = 1,655 and N, = 1, 638
o1(X) 6.5278
regression slope = p1(X, V) P = .8645 =" /51. \ :
- 5wy T 23760 PRSI AT B TAT -
regression intercept = [11(X) — (regression slope) j11(V) ex: 62143-3.6923=2 5220
=:15.8205 =(2:.3731) 5.1063 =3.6923,

AR AT A AR AT I E

T35 3% 2 69 BB F AR A 470218 57 72 A

69 F- 34 SR 2L 5] 69 F 3 R R 692 L o

Table 5.8 Analysis of residuals from the linear regression of total score on co

for group 1

tem score

v Number of

Me!n X Standard Deviation Mean l given v,

examinees given v X given v Linear regression
0 14 6.2143 2.2097 3.6923
| 54 7.5741 2.2657 6.0674
2 142 9.1901 2.6429 8.4425
3 249 10.8032 2.9243 10.8177
4 274 12.7628 3.1701 13.1928
S 247 15.1377 3.3302 15.5680
6 232 16.9957 3.6982 17.9431
7 173 20.5260 3.5654 20.3182
8 118 23.1610 3:5150 22.6934
9 75 25.6533 2.8542 25.0685
10 42 28.5000 3.4658 27.4436
11 27 31.1852 2.1780 29.8188
12 8 33.2500 1.6394 32.1939




5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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Fig. 5.1 Form X mean residual plot



5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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5.1 Frequency Estimation Method

5.1.6 Illustrative Example

Table 5.9 Analysis of residuals from the linear regression of total score on common-item score

for group 2
v Number of Mean Y Standard Deviation Mean Y given v, Residual
examinees given v Y given v Linear regression mean
0 11 6.2727 2.1780 4.2740 1.9988
1 36 8.0000 2.2361 6.7300 1.2700
2 88 9.6023 3.0359 9.1860 4162
3 159 12.1195 3.2435 11.6421 4774
-+ 213 13.9202 3.3929 14.0991 -.1779
5 240 16.0750 3.4234 16.5541 —.4791
6 232 18.3147 1.5623 19.0101 —.6955
7 246 212073 3.4854 21.4662 —.2588
8 161 24.1801 3.3731 23.9222 2579
9 120 27.3333 2.9533 26.3782 9351
10 85 29.1294 2.8811 28.8343 2952
11 34 31.8235 1.8396 31.2903 9332
12 13 33.6154 1.7338 33.7463 —.1309

Form Y Mean Residual

Fig. 5.2 Form Y mean residual plot
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5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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Table 5.10 Moments of Form X scores converted to Form Y scores using various methods for

examinees from population |

s

R

AT IR ©

— kP A R B 2 D

—h

Method i
Tucker linear 16.8153
Levine linear 16.2485
Braun-Holland linear 16.8329
Equipercentile
Unsmoothed 16.8329
S =10 16.8334
S =.2 16.8333
== 16.8192
S =D 16.8033
S =1.00 16.7928

~

o

6.7168
6.6007
6.6017

6.6017
6.5983
6.5947
6.5904
6.5858
6.5821

sk
5799

5799
9799

4622
4617
4674
4983
5286
501

ku
2.7217

2.7217
A 7

2.6229
2.6234
2.6249
2.6255
2.6503
2.6745

n159




5.1 Frequency Estimation Method P-l 99

5.1.6 Illustrative Example
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Form X Raw Score

Fig. 5.3 Equating relationships for frequency estimation equipercentile equating and linear
methods



3.1 Frequency Estimation Method

5.1.6 Illustrative Example
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5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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Table 5.10 Moments of Form X scores converted to Form Y scores using various methods for
examinees from population 1

Method /L o sk ku
Tucker linear 16.8153 6.7168 5799 2.7217
Levine linear 16.2485 6.6007 5799 2. 7217
Braun-Holland linear 16.8329 6.6017 5799 202 L]
Equipercentile
Unsmoothed 16.8329 6.6017 4622 2.6229
S =10 16.8334 6.5983 4617 2.6234
S =.25 16.8333 6.5947 4674 2.6249
=0 16.8192 6.5904 4983 2.6255
Y =15 16.8033 6.5858 5286 2.6503

S =1.00 16.7928 6.5821 D501 2.6745




5.1 Frequency Estimation Method

5.1.6 Illustrative Example
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Fig. 5.3 Equating relationships for frequency estimation equipercentile equating and linear

methods



