J " (item bias)
“ " (test bias) o
" (differential item functioning; DIF) “
" (differential test functioning; DTF)
(Holland and Thayer, 1988; Holland and Wainner, 1993)
(Cleary,

1968 cited in Camilli and Shepard, 1994)
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(Scheuneman, 1975 cited in Potenza and Dorans,

1995)

(Pine, 1977

cited in S.-H. Kim, H.-O. Kim and Cohen, 1994)

(Rudner, Getson and Knight, 1980)

(Hulin, Drasgowand Parson, 1983)

(Dorans and

Kulick, 1986)

(Camilli and Shepard, 1994)

(Feinstein, 1995)

(Narayanan and Swaminathan, 1996)
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Mellenbergh (1982) 2
(uniform DIF)
(nonuniform DIF)
(interaction)

(group membership)

(item response theory; IRT)

(item characteristic curves; ICCs)

Raju

(1990)

Mellenbergh (1982)

Swaminathan Rogers (1990)
2
(disordinal interaction) '

(ordinal interaction)

( -3 +3)
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Li Stout (1993 cited in Narayanan and Swaminathan, 1996)

“

" (nondirectional DIF)

“ " (unidirectional DIF)

: " (crossing DIF)

(noncrossing DIF) 1

(Li and stout, 1996)

0.8 -
> 0.6
E
@©
QO
[
. 04 4

0.2 - — Reference Group

— Focal Group
O 1 I 1 1 |
-3 -2 -1 0 1 2 3

Ability

1 (nondirectional DIF)
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0.8 -
> 0.6 -
z
©
o)
o
- 04
0.2 - — Reference Group
— Focal Group
O I 1 T I |
-3 -2 -1 0 1 2 3
Ability
2 (unidirectional DIF)
3
, " (reference group; R) “ "{focal group; F)
(Holland and Wainer, 1993) (majority group)
(minority
group) (Angoff,

1993)



4
2
(dichotomous DIF methods)
(polytomous DIF methods)
0-1
2 non-IRT
( O item response theory methods) IRT (item response theory methods)
non-IRT
IRT
2 (parametric form) (nonpara-

metric form)

(Hulin and others, 1983; Millsap and

Everson, 1993; Holland and Wainer, 1993; Feinstein, 1995; Potenza and Dorans, 1995)
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DIF (Parametric Form) (Nonparametric Form)

Non-IRT

IRT )
O Raj

O Kim Cohen

O - Lord

O IRT

1 non-IRT
non-IRT
(Angoff, 1993; Dorans and

Holland, 1993)
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11 (analysis of variance; ANOVA)

(Cleary and Hilton, 1968 cited Camilli and Shepard, 1994)

(interaction effect)

(Rudner, Geston and Knight,
1980) (Vt)

(Osterlind, 1983)

V,=vb+vw+ve

vh
VW

ve

(V=G2) i /

k (ofjfc)

afik =af+aj+afj+ (jm

G2
Gj
Glj

k(i) :

/I, Cly 0



(post hoc)

12

Angoff (1972 cited Camilli and Shepard, 1994)

(item difficulty; p)
(standardized; Z)

(Osterlind, 1983)

m key

34

Scheffe;

(transformed item difficulty; TID)

Ay =47y + 13
Aij /
Zji /
( 0
Ay
SEAii =
4 Nj-1
Ay

Nj |

1

P

(delta; A)
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HO: Al -A/2 =0
Il N -A2*0

Dj = AXJ +Y

y = bx +a

a=Mx-bMyv

(tf —ax)x Ny -~ x)2+4rE£y°x

2rxy & xex

L4

(D))

35



13 (contingency table; CT)
3
( / ) « 7))
1, 2, 3..K)
fd ~
131 - I (chi-square; X 2)

EJ)
oj
Nj

Nij

Scheuneman (1979) -

Vw2 o
ZZZZ(Be BeBo) +Z(WeW:Vo)

- Scheuneman
fi
g, =2 N
ij =5 i
N
/

36
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- (k- ) X
(r- 1 k r
1.3.2 - (log-linear; LL)
Scheuneman (1979) (logit model)
- (log-linear model) (Mellenbergh, 1982)
( ) 3 ( X X
) - j (natural logarithm; )
/( =3 =2 i (j=1,2, 3,..,0)
k {k=1,2, 3,..., ) (Bishop, Fienberg and Holland, 1975
cited in Millsap and Everson, 1993)
InFijk = u+«1(0 + 2@Q) + 3(/) +u\2@j) + 23@k) + wi23(ijk)
F\jk
1 —a +pk +06 =+ (5Q)jk
F ok
Fyk ] k
F 3k i k
a
p k
Sj
(SP)jk
(likeli-

hood ratio; G 2) (asymptotically)
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G2=2j]s & /¥ *In(/y*I"t)

) g 2 g2
Fa = ) fir || D ik D fik
j=1 i=1 j=li=l

IyE

0] (E?), £
(no DIF)
( no DIF )
(uniform  DIF)
(nonuniform DIF)
133 - (Mantel-Haenszel; MH)
- Mantel Haenszel (1959 cited  Camilli
and Shepard, 1994) (common odds ratio)
- (chi-square statistic) Holland (1985 cited in Holland and Thayer, 1988)

(Education Testing Service; ETS)

(noniterative contingency

table) - (traditional)

(nonparametric)



Holland Thayer (1988)

(purification of matching criterion)

K 2X2

39



Aj
Bj
Cj
Dj
my
mQg
nRj
nFj

Tj

Al

my

nRj

nFj

T3

40



PRj
aRj
pFj

qFj

(HO)

1 0
pRj gRj
pFj gFj
7
.
7
7
(/I-,)
pRj pFj
S -~ i =1.2.
gRj  qFj ] 3 K
AR ; y=123 «i

(expected values)

nRjiri\j
E(A)) =

NnRjrriQj

1

E(B)) =

nRj

nFj

ax*\

41
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) nFjm\J
E(CCH) =
T
nFjrriQj
E(D)) =
a (common
odds ratio)
PRj
_ —0Ri' _ pRIiqFj
a = pE_ =qRjpFj
qFj
a =1
a >1
a <
Mantel Haenszel (1959 cited in Holland and Thayer, 1988)
a 2X2
f, AJDj/TJ
~AMH = K
| «/ T
a MH (DIF
effect size) 0 @O Holland Thayer (1985 cited in Holland and
Thayer, 1988) a MH (delta scale; M Hp”pjp)
MHD_DJP = -2.351n((fMH)
MHD_D1F
mhd dif

MHD_DIF

MHq_DJIF



(standard error; SE)

SE{MHD_DF)=235 ~ { (an

var[In(cC?MHN\ =— 7=1

tw /T j

Ul=AjDj +aMH (BjCj)

Vi =(Aj +Dj) +a~ff(Bj +Cj)

a MH
- - (% mh)
(df = 1) a MH MHD DI
Nt
2
K
-0.5
2 j =1
K
z UH
Zvar(Aj)
y=l
Taei nRjm
n ‘en T,
NRjNFjtn\jinQj
Var(Aj) -
T3{Tj -1)
E(AD)

Var{Aj)

43

MHD_DIF

MHD DI



a
(no DIF)
(DIF)
a MH ,
C
MHd _dif
A
B
c
14

p-difference; D STO)

MH 1
a MH
a MH
MHD_DJ 0
3 A B C A
B
B
C
2
(Zieky, 1993)
M H D_O1F 0
IMHdJ-DIF | 1
M HD_O1F 0 IMHd_djf |
1 15
mhd_dif 1
mhd _dif 1 IMHD_DiF |
15
(standardization; STND)
Dorans Kulick (1986)
2 P (standardized
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AW KiP fl-Prk

dstd 3
p WK
k—
>
nfk
P _firk
nrk
D yd t
k YWEk) A
(Pfu
{Prk)
Dstd -1 +1
Dstd

(root mean weighted squared different; RMWSD)

Y jV ok (P /t-

RMWSD = M -

15 (logistic regression; LR)

Swaminathan Rogers (1990)
(dichotomous)
- Mellenbergh

(1982) - Holland Thayer (1988)
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(uniform DIF) (nonuniform DIF)

(polytomous) (Miller and Spray, 1993)

(Bock, 1975
cited in Swaminathan and Rogers, 1990)

exp("°? +P'jopj) .
p( e =\\Opj) = vp= =12

[+exp™r0? ~» 1 A

P(UP = \\Opj) 1? /
J30j
1?7 1 /
opj /? /

/201 =/?02 /?11=/?12
(no DIF) [?211=/?12
200 * /202

(uniform DIF) /7200 = /202 [? * 1?12

(nonuniform DIF)

EXPz pj

F)(U'Ole):1+expz pi

zpj —Ta+T\Opj+ 2 j +73(0pjej)

P{Upj = 1) p\ /
0P ] ( ) /? /
ro

I



T2
r3
gj ' i "gp=1
gp=0 2)
(logit metric) log
P
log 1-P ro+T\@pj +z2gj + t3(Ppjgj)
6pj gj 6pj
z2 r3
12=A)1 - R2
r3 =Pu-P2
2 r3 r2* 0 r3=0
r3™~ 0 r2=0
Zpj

(maximum likelihood estimation; MLE)

=n | W 1* [>- pw pA '~ “pi

(asymptotically multivariate normal)

- X X

o]

47



z =-F -InL . r,s-0, 1,2, 3.

OTrOTs

E In Z

MLE
T - N (tX)

f,=[r0,r1r2,2"3]

Ts( =0,1,2,3) 5

§s

SER, =\ X
Ts HO:T2=0 HO:T3=0
(simultaneously)
Ho:Ct =0
Hl:cr *0
C V& 2x4
0O 0 10
0 0 0 1
2(df=2)
y2=7t(cXc) ¢t
J 2 Xa:2 ! . '

(no DIF) (DIF)
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2. IRT
IRT
(9)
non-IRT
IRT 3 (Hambleton and Swaminathan,

1985; Lord, 1980)

(unidimensionality test)

(dominant dimension)

(essential unidimension)

(factor analysis)

(local independence)
(statistically

independence) (uncorrelated independence)

(item response function ; IRF)

(item characteristic curve; ICC)

(normal ogive function)
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(logistic function)

(normal ogive model)
(logistic model) (grade response model)
(partial credit model) (continuous
response model)

(dichotomous)

0- 1¢ 1 0 )
(logistic model) L2 3 , 1 (LPLM)
Rasch {b])
(dj) (a)

%)

(0) = (I+exp[-Ba,(e>-*)]h
2 (2PLM)
) @)
()
Pi(0) = {L+expr-o dj9 - bj)}
(C) 1 2
3 (3PLM)
p,(9)=cj+@- cp{l+EXP[-Duj{9 - 6/} 1
Pi(9) 0 |
cii |

bj i

Cj i



exp

(Osterlind, 1983)

0.5

00  +00

0] 0.5

Cj
Cj

RT

51

1.7

2.71818...

(examinee ability; O )

IRT
( 0 )
Y ee 100 3 43
(item difficulty; D])
(inflexion- point)
{o = b}
pico) = (l+e)ys2 3 Pi{0) =
1 2 ] 1 -00 400
bj 25 25 bj -2.5
bj +2.5
(item discriminantion; ) '
0 = bj dj
dj
25 0]
(item pseudo-guessing; ()
Cj 0 1
0 04 ci Cj 0.3
Cj 0.2
0
4 ¢ U4 025
0.25
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IRT

IRT

(equating)
2 (Camilli and Shepard, 1994)

(separate sample method)

(anchor
test method)

(linear transformation)

dif —ujf A
bjf = Abif / A+ B

a*F
b*F
aiF
b jf I

A (slope)
B (intercept)

IRT
(A) (B) 3

1

WMS) (Linn
1 (B)

(weighted mean and sigma method;

, 1981 cited in Kimand Cohen, 1992a) 04)

b jf = Abjfc T B
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bjfr* /

btf- i

) (8)

A= (I*w

2 (test characteristic curve method; Tcc) (Stocking

and Lord, 1983 cited inKimand Cohen, 1992a)

f - ttY ,(Tjf- €JF)2

T jf /

T+ i



2 Tif 1T+t

TiF JF->aiR’bir)

TiF =X psjF ‘a/FAT)

54

F = als 'WF#iR) ~" A (MFaiF b*F)
0 jf y
a.n /
/
a*F /
BF [
(A) (B) TiF TiF
F F A B
(partial derivative) ar/da =0 drraB =0
3. - (minimum chi-square method; MCS) (DIVgI,
1985 cited in Kim and Cohen, 1992a) TCC
2 X2
(A) e)

Qi ~(.aiR ~aiF’"MR ~AiF)@2 ift+s/t) (aiR ~aiF 'biR ~ AiF)
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Xjft i
ZIT i
ZIf
0
e=1a
A) () g
60 oB=10 B A
B = ZSiab(aiR —ajp | A)+ Sipp(big - Abif)} Zsibb
i=1 i=1
iab ibb = (ZI+ElT)_1
A 5 (iteration)
B
IRT
» (Mazor and others, 1994)
Ho:Pr(0)-Pf(0)=0
h]: PR(O)-PF(0)* 0
PR[0]

PF (0)
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(IRFs) (ICCs)

21 S (area measures; AREA)

(Millsap and Everson, 1993)

A=f\pRm -p F(0)\

A
fs / L= (RE ) [l
PR{0) 9
PF (0) #
@)
(signed area) (unsigned area)
(2) (bounded) (unbounded) (3)
(continuous  integration)
(discrete approximation) (4) (equally
weighted) (differentially weighted)

(Rudner, 1977; Rudner, Getson and Knight,
1980) Rudner (1977)
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Dj- Pr(6)~ PF(6) A= 005 R

Linn (1981)
(root mean squared different; RMSD) IRFs
-3 43 600

RMSD -

y 2
\ﬁZI[PR(Hp—PF(H,-)]
/m
9j j Shepard, Camilli
Williams  (1984)
(sum of squares; SOS) 4

0 2= -1>,2/crD,

S0S3=11>.M >
J=l

SOSt =jr'z\Dj\(Dj)lalj
7=1

(Raju, 1990; Kim and Cohen 1991, 1995; Cohen and Kim, 1993; Feinstein,
1995)

2 Raju (1990) Kim  Cohen
(1991)



211 Raju
Raju (1990)
interval signed area or exact signed area; ESA)
(open-interval unsigned area or exact unsigned area; EUA)
] IRT

ESAKL= \** [PR(6)- PF(0)]dd

58

(open-

12

EUAKL= ["\P R(0)- PF(0)\d9

k=1 1
k=2 2
k=3 3
/ 7
[=0
[=1
[ =2
IRFs
3
P(O)=c+(l-c)P *(0)
P {0)={l+exp[-Da(& -/>)]} 1
a, b c
17 C 0 IRF
b a 1

ESA EUA 12 3

ctj
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1) 1 (1PLM)
ESA  EUA IRFs
Rasch

ESA\o = bF -b R

EUA\]:\bP_le

(asymptotically) ESA10

M(ESAjO) =bf-bR

a2(Esall) = var®F) * var(br)

Var(bj) =
=1

Qi(9])) =\-Pi(0j)

Var(b) I
N
Pi(0) j 0 7
Qjiaj) j 0 7
X =bF -bR
EUA-1

feuau) =1 esax)[1-20(z20)]+(2/7-)120 - (" W0)exp(-* /2)
ct2(EUAU) = ct2(ESAW) + m 2(ESA10) - m 2(EUAU )

40) = JOQ g9(z)dz

*0:[0' h (esaXq)]ll<j (esaXq)

02)
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) 2 (2PLM)

ESA EUA IRFs

£'1'/420 = bE-bR

EUA2l = b p-bR\ w0 Mt ~F
DaRap{bp - bR
Eua2 = WV f &) 1+ eXp aRap{ Apﬂ ) - (bp - bp) QA ft ~ &ft
DaRap -d
(asymptotically) ESA20

JU(ESA2q) = bp - bR

cr2(ESA20) = Var(bp) + Var(bR)

Var(jb:) — mmmme——— —_

1 /gjgi—lﬁm
« [,. = £2£(<?y -B>)2p (0))Q .0))
3-1

I bl =D2afE£pl
=1

CA =tfafijo j-b,?22,(07,(8))

Ta al

7fC. bj

la.b. ujbj
X= Y

EUAZL  a&fl =4F



M(EUA2])= M ™ 20)[I-2cP(z0)]+ (2 /7)1/2CT(£”20)exp(-z<) / 2)

<-|.2(EUA2\) = <J2(ESA20) + /J2{ESA2q)- fj2(EUA2
z0 =[0-/j(E S A 20)]/a(ESA20)

_2(af-aR) PaRAF (bF - bR)

In 1+ exp - (bF -b R)
DaRaf aF -a R

X euaz?

Ju(EUA22)= 11(ina - 295(2q)]+ (21 :r) U2 cr(/1) exp(-ZQ / 2)
O2(EUA22) = 02 {H) + /32(H) - 132(\H\)

= [0- 75 (Hyv<i (H)

fi(H) = 2% alr ~UR ) g1+ exp DaRaF (oF - bR) ~{bF
aF -a R
(J2(H) = Var(H)
= BRvar(bR)* BArvar(bF ) + ARVar(ar) ¥ AFVar(aF )

+ 2BRARCOV(bR,aR) t 2BF AF Cov(bF ,aF )

2exp(y)
| +exp(y)

Bf =-Br

2 \araF bR-bF) exp(7)  In[l+exp(7)]|
R~arRl aRrR-aF 1+ exp(* D J

Af = --"A-Ar

Y _ E)aRaF (bF ~ bR)
aF -aR

61
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Var(bl): 1 *
Nai bj djbj

Variat) = 1
lailhi ~ laibi

Cov(ahbj) =" - ath—

Var(b) b
Varia) a
Cov(a,b) a b
3) 3 (3PLM)
Raj (1988 cited in Kim and Cohen, 1991) c
{cR=cCf = ¢ ESA EUA IRFs
3 C
(infinite) ESA EUA
3 o
ESA3Q- (1 c)ESAZO
EUA31=il - c)EUA2\ AR=AF
EuA32 = (1- C)euA22 AR /af
esadl euadl euadl C
2

IE 30)=(1-0 £ 20)
Cr2iESAJ3) = il- ¢ ) 2CR2IESA0)
JUIEUA3\) = (\-c)ju(E UA 20

a 2(EUA31) =il- ¢c)2cj2(EUA21)
M(EUA32) = (1- c)miEUAZD)

CRieuaz) = (1- c)2a 2iEUA2)
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(/)
o D2 i (9 _b,)zlp.(g.)_c]z I—PI(QJ)
a-9r gl e F(9))
4" (1-¢)? j=1 % P(6))
, D?q; i P b)[P 9,) ]21—1):'(91')
a;b; _(]—-c)2 = ( J i i( J c P’(Qj)
Raj (1990)
Z
2
1 ESA
ESA / 0 Z
St
2 EUAy =t R
\/Var(b,-F) +Var(b;g)
2 EUA
EUA 2 1
aiR = ajf ESA 2 aiR it aiF EUA
/ 0 Z
4= Ty

2.1.2 Kim Cohen

Kim  Cohen (1991)

(closed-interval signed area; CSA) (closed-

interval unsigned area; CUA) IRFs [#1,#2]
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CSA = ~ [PR(O0)-P F(0)}d0 =SR(01,02)~ F (0, 2)

CUA = fj-\pR(0)-p F{e)\dO =\sR(Ot,02) - s F(0],0i)\

CSA  CUA 123
(1) 1 (1PLM)
1 aR= aF =" CR=Cp
=0 IRFs
CSA  CUA
CSAJPLM = R(0h02)-S p(0ho02)

| +exp2 -bry | +eXp#i - bp)

1+exp(0] -b Ry |+ exp#2 - bp)

cua = |csapLm

) 2 (2PLM)
cR=cp=10
CSA  CUA 2 1  ar=ctp=a 2 arAdp
CSA 2

csA2PLM=sR{ehe?2)-s F{Ohd?2)
(1 1+exp paR{62-ur) 1+ exp Dap (61- bp) 1L0aF

1+ exp DaR(B1-b R) "DaR 111 exp Dap {62 —bp )] Lpar

1 aR=aF = a IRFs

CSA  CUA
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1 +exp o= -n ) |l +exp 0a(0-6F)}

csa = (D0)-1 .
I +exp pacor - ft*)]}jl +€Xp pa62-b F) ]
cuA = lcsa |
2 aR* aF IRFs
(#x)
Q _ aRbR-aFbF
X = aR ~aF
6X 2
1 [#1,42] CUA
cm =Ilcsa2PLM\
20X [0 .02] CUA

CUA=\SR{Oh6x)-S F(OhOx)I+| R(0X,02) - F(0X,02)\
|l +exp par(ox -b R)\J[}RHexp paF (61-b FyllpaF

jl texp par(o,-bR)] 7O I+ eXD DaF (Ox -b F)1DaF

JIHEXD par(o2“M)] IoaR 1+ eXp par (ox - V)]lDaF

|l +eXp par(0x -b R)\ MY 1+ exp paF (62 -6/r)|1DaF

(3) 3 (3PLM)
CSA  CUA 3
4 l CR=CF=C aR=aF=a 2CR=CF=C
aR * aF 3  cRaCF aR = aF = a 4 CR * CF aR * aF

CSA 4
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CSA3PLM= R(0h02)-Sp(0ho02)
= (c*-CF)(#2- #1)

(lL®. L-erm

.1+ eXp par(92-bR) » DarR 1l+EXP par #1 —bp) .

0-CF)

cr\

jl +€Xp DaRr(9] - bRy 2 paR 11T EXD Dar (42 - bi ) 1 Dar

1 CR=Cp-C aR=aF = a IRFs

CSA  CUA

jl+exp paz2-pRr) ltexppag#l- V)]}
CsA=(\-c)(Da)-] i
jl +€Xp Da(o] b R) I+9Xp pa(2 -41)]]

cua = lcsa |
2 R—Cf=cC aR* aF IRFs
(0X) 2
9x 2
16X [#1#2]  CUA
cuA = lcsajpim
) or [Oh Oz\ CUA

CUA =\sR(9he1)-sF{e ex)\*m A , e2)-SF(0X,e2)
]1+€Xp DaR(&X ~ bR) 1DaR’1+ eXp Dap(Ol-b F)J Dap

jl+eXp par(#l bRy 1y * 11+ EXp DaF (9x -6/r)] .DaF

() 11+eXp par(92-bR) Jpar | +eXp paF (9x -bp)
+(1-c

/I +8XD Dor(ox~bRy LORl+eXp Dap(o2-bp) 10aF
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3 CR * Cf aR-uf-a IRFs

CR ~ CF

[(1- cr)/exp{abf)m[1- ct)exp(asfl)]

6X =(a)-1lnj

6X 3
B (¥142]  CUA
cua =\csa3PLM\

2 6oX CR>Cf
bR <bf\ cR<Cf hR>Dbf

CR~ CF <0
[(1- Ctf)/exp(aeéF)] - [(1- Cf)lexp(abR)]

CUA
CUA = | CSA3pLM\

3 ox [#1,#2] CUA

CUA =\SR(0hO0x)-S f(0 hOx)\+\sR(0x,02)-S f(0x,02)\

= 12 ~cf)(@x _ #1)

(1-¢") 0—h)

|| +eXp Da(8x -bR) Da 1+expm ex-bp)J Da
(I-c/7)

JIHeXp m e 1-%«)] 1+exp pa(ox -b f) )

+ |(CF _ cf )(#2~ #7*)

(1-©r)

l+exp m o 2 } D 1+ exp Da(0x-bf)1 Da

(1-c") ")

J1+exp Da(Ox-bR)p N 1+ exp Da{02-bf)\ "a



Newton-Raphson IRFs IRFs

0, 2 Newton-Raphson

f{0) = PR(O0)- PF (0)

= (\-c R)DaRPR(\- PR)-(\-c F)DaFPF (\-P F)

P (0)={l+exp[-Da(# -6)])

00 0X IRFs

f\o ) ' i) on

6X 3

1 67 , ' [#1#2] CUAfr

cua = lcsadPLMI

2 ox [# 1,4#2] IRFs

CUA

CUA =\ R(0hOx)-S F{010X) + *(#*#2)- F(#*#2)

= |(C/£E- cf )(6x -9 1\)
(1-ch) (1-CF)
gl eXPDaRr(9x -b Ry‘] Dor 1+ exp DaF{01'6/r)j1d°F
(\-cR) (\-cF)

1+exp par{s\ -6,)] ] 1+ exp DaF{OX'G/r)leap

+|(cl?~ cf J(@2 ~@x)
(1-CF)
1+ exp par(02-~)]} " { | +exp DaF(0x -£/r)] 1 baF
0~cp)
1+exp par(@x -6/2)]} * { 1+exp DaF{02-bF)t D&
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3 @( [# 1,#2] IRFs

BX1  #x2(#x,< #x2 CUA

0/4 = ‘(#l_ml). (# Logr1) + RMH_#XZ)' SF(#*].,#*Z)

Sr(8&x2°@2)- ST (@x2~ 2)

(CR ~ cf )(#x~ # 1)

_-tp) 0—¢lr)
I1+exp bar ~xx-b Ryl 207 jIHEXD par(ov - by PUP
el (I-Sp)

1+eXp DaR(9L- ryt ®2F LLHEXD §arner —6r)y O

+ (CR ~ cf )(@(2~xx1 )

- o) (1-CF)
= 1D
L+exp parsx2-2)]° 2" 1+exp gap@rl-*£) o0
(l_/\> (1‘(:':)
. . 1 Dap
jl +exp DaR(Oxl -(,«)] Dor 1+ exp DaFAx2 -~ f)]
(CF-CF\01-0x2)
(1-CF)
CLHEXD pero 2-ivyt PR LHEXP Dar(ex2 -bp)
. } =

(1-ch) (1-CF)

1+eXD pare2- bRy} DaR 1+E€XD yornyn — ey L OFF

Kim

Cohen (1991)

2.2

IRFs
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v

221 (difficulty shift)
Z,
' 1 (Rasch model)
g 0 (@1
(bj) {Ho)
(//'1)
Hq:hiF = bR
H\1biF * biR

Wright (1976 cited in Hulin, Drasgow and Parson, 1983)
________________ biF - biR
SEo/bif)2 +(ffiolj,. )2
SEof g=1/0,/ 0,/6.-/ ,4)
SEofhjf " biF
SEofbiR A
biF /
biR i
b, bl
la. a,
la.b. albl
{Hq) Z
asymptotically 0 1

(ifficulty hif
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Wright  Stone (1979 cited in Hulin, Drasgow and Parson, 1983)

H)
(fit mocel)
i Vii-Pi(oj)
H" - i !
j=1 Pi(0)Qi(0j)
0.(8j)=1 i’i(éj)
H,
N
Uy / j
( 0 ]
Pi(é)) J 0
i
Qi(ej) J 0
Hj - f
N -1
2.2.3 F
Hulin, Drasgow ~ Komocar (1982)
IRT

2 @)



{bj)

(item characteristic curve; 1CC)

(logit)
ifpf( )] =log AN\
d-p,m .
= Daj{6 - bj)
\Pj{6)! 6
P i{0) ICC
9 I
D 17
bj
0]
F

(regression function)

_ SSE{pooled) - [SSE(A)]+[ E(B)] JA+JB-4

SSE(A) + SSE(B)]

2
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SSEipooled)
SSE(A) A
SSE(B)
JA \ A
Jg B
F 2 JA +JB- 4
F
2.2.4 - Lord (Lord’s chi-squre test)
Lord (1980)
IRT 3
(IRFs)
a- bj Cj
bj a- bj
Cj
bj dj
bj
2 Cj
(HO) )
Hq: bjf = bjR aiF = alR
H\ Dbjf * bR Qjf t aiR
e (%))

zf =virr'v,
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vi =( /IF ~atR,bIF -biR)

r, =r,F +ry?
aiF /
arm /
Ir /
/
F;' /
r,. ' = ' (4jF -ajRr)
(bjF -b jR) 2x2
r,-1 r
3 (1) -
(asymptotic) (2) 3
(maximum likelihood estimate) -
Lord (1980) 2
@)
{bl {a-j
225 (pseudo-IRT)

IRT

3 Linn Harnisch (1981)



7 iq

g{g = 1,2, 3....m)

2.2.6

Thissen

Thazjg

(likelihood ratio test; LR)
(1993)
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1) IRT (general IRT-LR)

(marginal maximum likelihood; MVL) (2

IRT (loglinear IRT-LR)
(maximum - likelihood; M) (3)
IRT (limited information IRT-LR)
(normal ogive) (generalized least squares; GLS) 3
2 compact augmented
compact
augmented
1 2
(anchor  items)
2 1 !
G? =-2log H—j
G2 i
Lc compact
La augmented
Lc<La Gf>0
Lc La

3 of =3



"1

24 7 (SIBTEST)
Shealy  Stout (1993) (simullataneous item hias test;
SIBTEST) (dlifferential item functioning; DIF)
(dlifferential test functioning; DTF)
(dlifferential bundle functioning; DBF)

(unidimensional test) (multidimensional test) (Stout, Li and
Nandakumar, 1997) (nonparametric)
IRT

(unicirectional - DIF)

(nondirectional
DIF) (L and stout, 1996)

(Narayanan and Swaminathan, 1996)

(olytomous  DIF) (Chang,
Mazzeo and Roussos, 1995 cited in Potenza and Dorans, 19%)

(target ability ; 9)

(nuisance ability:

7 2

(Nandakumar, 1993)



8

=/ 2 UN) 1 1 ; Uj 0
N IRT
) ) d
?) (IRFs)
d=2
9)
0) 9
{9,)
0,) 9
9
IRF |
9 Pi{9) RF/ 9

Pito, ) (Shealyand Stout, 1993)

. . @$-ci -
= - . 1i=1 vy
PHE) = e 1+ exp[-l.?a;—o{g bJQ )] I b
1/=«+ 1...N
1+ expj-1.770 (9 - bw ) +ail{ - bj7)]j
IRF 2 3
, (Invariance)
(local independence) IRF Pi{9, )

( and Stout, 199%)

p[U|(o =9, :m]zv | Pi(0, )1, [| Pi(0, )]

Shealy  stout (1993)  marginal IRFs
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Migm = \p,(e,th)yfe(rive)dri

M gi{9) marginalIRF ' 6
Pi(9, ) IRF /
fg91\9)

(unidirectional DIF)

IRT
(noncrossing 1CCs) marginal IRFS
M iF (9) < M iR{9) #

M iF{9)> M iR{9)

‘ " (noncrossing DIF)

SIBTEST ~ Shealy stout (1993)
2 (subtests) )

I
(m atching sub-

(valid subtests)
tests) 2)

(studied subtests)

M r(0)= fy tRe

m sf(8)=
1=«



M SR(9)

M sf{0)

pul

fp{9)

p uni

>l

arginal IRFs

marginal IRFs

m sr (9) m st {9)

-= K Rm -M SFm \sp(0)d8
#0'-Puni = °
H\-Pum> 0
(-,
P uni
X =
r= = u

i=n+1
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X
Y
1 /( 1 0 )
{X=Kk
Yrlc~Y Fk 'k=0,1,21.,
YRK
' Xx= k
YFk
x= k
k
YRk-Y Fk
YRk-YFk =0 k
YRk - YFk >0 k

@Bmi

Pmi=p h (YRc- YFk)

pk = VKk*+j )

k=0



Pk (
Jfk

X =K
JRk

Xx=k

no DIF

= ﬁgni
&(ﬂuni)

x=k

uni

Rk

ef  G(Byy) = \/Z ~kz[J| 0‘-2(Ylk,R)+7—1F—k—62(Y|k,F)]
k=0

&{ 3hi)
2 (\k,q)
Jgk
Bmi
Buni=0
P [#(0,1) > za | #0
q By
" (impact)

gR F)
X =k

Buni>Zq.
Buni

(inflate)

Puni
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(regression correction)

YRk, YFk YRK, 7fk

Y;k=7gk+M gk\hk)-Vg )

| =y YQKH\-Y g K-\
iE: (k+\)-Vg(k-\)

V(K) =\[V r(k) +\F(K)]

V2(k)=x 2+ 1- 22@9 oy

a 2(X\g)
2(elg )™ ig(\- 'ig)
<F2(*  =jX -J p (Xgl -xagr
79k

M gk

V (k)

Vg(k)

79k
g R F) X =k
Xg]
Xq g



YRk YRk

YRk - YFk

5
1.
Swaminathan Rogers (1990)
| 6
500 )
3
2

2

Raj

2

500 2

3 (40

DATAGEN

250

84

YRk - Yk

(Buni

2 (250
60 80 )

20%

5%



85

100% 1
6
3- 14
Kim Cohen (1991)
4 ! Raj
(ESA) (EUA) ! Kim
Cohen (CSA) (CUA)
Subkoviak, Mack, Ironson Craig (1984) 1,008
1,021 1,000
4 50
40 10
BILOG
3 (3PLM) 3 (3PLM-C)
C .23
EQUATE ESA, EUA, CSA CUA -
2
1 (false positive; FP) 2 (false negative; FN)
.05 .01
! Raj ! Kim
Cohen 3PLM 3PLM-C CSA
3PLM
CSA 3PLM
1 2 , CSA 3PLM
01 2 .05
2 CUA
3PLM 1 01 .05
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Cohen Kim (1993) - Lord
Raju -
GENIRV 2 PLM 140
2X2X7XD5 2 (20 60 )
2 (100 500 ) 7 ( 1
0%, 10% 20% 3
0%, 10% 20% 3 )
5
BILOG marginal maximum likelihood estimation (MMLE)

marginal Bayesian estimation (MBE)
(test response function; TRF)
2
1 2

.05 01

Raju

- Lord

Raju - Lord



MBE
MMLE

Raju, Drasgow Slinde (1993)

(

- Lord -
10 12 839
436 158
440 399
10 12 . .1987
Reading Tests (GMRT)
5
2PLM
Bayes

Stocking Lord

Raju - Lord

- Lord

- Lord

87

245

Gates-MacGinitie

45

BILOG
4

EQUATE
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Rogers Swaminathan (1993) '
' 2 1
2 32 @2X2X2X
2 X2 2 ( )
2 (250 500 ) 2
(40 80 ) 2 ( )
2 (15% 0%)
2
2,4,.6 8
IRFs
4 By a a
a 4
b a |, a ,b a b a
2



Mazor, Clauser Hambleton (1994)

1,000 IRT 3PLM

2

59
75
59
GMAT 16
400
5 (-1.5, -1.0, 0, 1.0, 1.5)

1.25)
(0, .30, .60, 1.00)
25, 50, .75, 1.0) 400

59

4

.20

25

16

89

(.25, .60, .90,

4

©

16



Narayanan Swaminathan (1994)
1
@) 9 ( 300
100 200 300 ) (@
2 ( ) B
2 (10% 20%) (4)
IRFs 4, 6, 8, 1.0) (5) 6 (
a a ,b a ,b a
40

OX3X2X4X6)

300

1 2
uttaro Millsap (1994)

1PLM 2PLM 3PLM

500

90

1,000

1,296

3X3X2X2



3 (5, 1.0, 1.5) 3
2 ©, .2)
2 (©, -1.0) 2
DIF 500 20
no-DIF IRFs
DIF
(@=10,b=0 C=02)
no-DIF
1 a MH
1 a MH
40 1 1
aMH DIF
aMH
aMH 2
2
DIF
Budgell, Raju Quartetti (1995)
4 (1)
(SA) (2) (UA) 3)
(LC) @) - (MH)
Raju
15 18

91

©, 3, 5

no-DIF

40

20
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2
16,362 4 1,000
2 E] E2) 2 (F- F2)
4 DIF 4
) E- Fl1(Q£f£2 REE @F R 2
( ) (
) 2
(principal component analysis; PCA)
IRT BILOG
2 EQUATE 2
DIF 4 SA UA(Z <-2.58
Z>+2.58 a= .01) X2 LC{X2 3 921 a= .01, df=2
X2 MH {X2 6.63 a= .01, df=1)
1 @ 2
SA, UA, LC MH
4
UA
©) 4)
Narayanan Swaminathan (1996) -
(MH) - (CRO-SIB) (LR)
384 4X2X
3X4X4) 4 ( 500
1,000 200 500 )

3 0%, 10%  20%) 2



IRFs 4, 6, .

a ,b a
CSIBTEST
Roussos

(dT) 3 0, 05

1.0) 4 (
a )
3
MH LR DICHODIF
ANOVA 5
.05 01
3
q -
1 ~
1 3

Stout  (1996)

2 1
4 (100 200 500

1.0) 25

Services Vocational Aptitude Battery (ASVAB)

3

3 (500

2

1,000 3,000 )

93

40
DATAGEN

CRO-SIB

1,000 )

Armed
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(dj) 2 © 1.0)
1 3 (0.4, 1.0, 2.5)
5 (-1.5, -0.5, 0, 0.5 1.5) 1 (0.20)
dT = 0.0 3 (0.20, 0.10 0.05) dj = 1.0
1 -
1 - ,
2
(dT =
0) 1 -
(dT = 1.0) 1
2
(2537)

4 (SA)
(UA) < IV ER S MH) (SIBTEST)

2535 2

2 3 (20 30

40 ) 4 (50 60 70 80 )
6 (100 200 400 600 800 1,000 )
BILOG 2 PLM
MMLE EQUATE

DIF
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AREA MH SIBTEST SIBTEST

4 SA, UA, aVH 1?S'B
2
SA UA avH
[?SIB
) ISA 1> .80 UA >.50 50
2) ISA 1> .40 UA> 1.20 50

3) aMH< .60 l]aMH > 1.40 [/?SIB 1> .06

(2539)

2 506
501
MHaqip

CTIA LISREL



(2539)

EQUATE

33.33

IRTDATA

90 )

600

(2539)

BILOG

AREA

DIF

EQUATE

MBE

DIF

96

1,200
600
75
BILOG 2 PLM

IRTarea 2 PLM

MHDIF

IRTarea

IRT area 61.11

3 (30

(200 600 1,000 )
4 1:1,1:.9,
36 (Bx 3x 4)
2 PLM

DIF Raju

SIBTEST



x 3)

AREA

DIF

SPSS/PC+

50

100

EQUATE

200

(2540)

600
1,000
60 ( )
IRTDATA 27
( )
3 (
BILOG
DIF Raj
MH-DIF

97

(3x3

2 PLM
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