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Applying the Breslow-Day Test of Trend 
in Odds Ratio Heterogeneity 

to the Analysis of Nonuniform DIF 

This article applies the Breslow-Day test of trend in odds ratio heterogeneity (BD) to the 
detection of nonuniform DIF. A simulation study was conducted to assess the power and 
Type I error rate ofBD, as well as a combined decision rule (CDR) whereby a decision of the 
existence of DIF was based on a combination of the decisions made using BD and the 
Mantel-Haenszel chi-square. The results indicated that CDR displayed good Type I error 
rate and power across a variety of conditions. Comparing these results with those of earlier 
research indicates that CDR may yield more accurate decisions about DIF than other 
commonly used DIF detection procedures. 

I tem bias is a n i m p o r t a n t c o n s i d e r a t i o n w h e n assessing the v a l i d i t y of achieve
m e n t tests. T y p i c a l l y , the presence of i t e m bias is assessed u s i n g the f r a m e w o r k 
of d i f f e r e n t i a l i t e m f u n c t i o n i n g (DIF) , d e f i n e d as a dif ference i n m e a s u r e m e n t 
proper t ies of a n i t e m for t w o g r o u p s ( C a m i l l i & S h e p a r d , 1994; D o r a n s & 
H o l l a n d , 1993; H a n s o n , 1998). B y c o n v e n t i o n , the i t e m u n d e r i n v e s t i g a t i o n is 
re ferred to as the s t u d i e d i t e m , a n d the g r o u p s b e i n g c o m p a r e d are referred to 
as the reference a n d foca l g r o u p s . T h e existence of D I F can be assessed u s i n g a 
v a r i e t y of s tat is t ical p r o c e d u r e s , i n c l u d i n g i t e m response theory ( L o r d , 1980), 
logis t ic regress ion ( S w a m i n a t h a n & Rogers , 1990), a n d cont ingency- table 
m e t h o d s ( C a m i l l i & S h e p a r d , 1994; D o r a n s & H o l l a n d , 1993; H o l l a n d & T h a y e r , 
1988). D e s c r i p t i o n s of D I F detect ion p r o c e d u r e s for d i c h o t o m o u s i tems are 
p r o v i d e d b y C a m i l l i a n d S h e p a r d (1994), C l a u s e r a n d M a z o r (1998), H i l l s 
(1989), a n d M i l l s a p a n d E v e r s o n (1993). 

A n i m p o r t a n t d i s t i n c t i o n to be m a d e w h e n c o n c e p t u a l i z i n g D I F is that 
b e t w e e n u n i f o r m a n d n o n u n i f o r m D I F . U n i f o r m D I F exists w h e n the l e v e l of 
D I F is i n d e p e n d e n t of a b i l i t y l e v e l . If the l e v e l of D I F is q u a n t i f i e d u s i n g the 
o d d s ra t io (the ra t io of o d d s of correct response for the reference g r o u p over 
that of the f o c a l g r o u p ) , t h e n u n i f o r m D I F exists w h e n the o d d s rat io is not 
e q u a l to u n i t y , b u t r e m a i n s constant across the ab i l i ty c o n t i n u u m . In contrast, 
n o n u n i f o r m D I F exists w h e n the o d d s rat io var ies sys temat ica l ly across the 
a b i l i t y c o n t i n u u m . U n d e r cer ta in c o n d i t i o n s , n o n u n i f o r m D I F m a y l e a d to the 
s i t u a t i o n w h e r e b y one g r o u p d i s p l a y s a s t r o n g re lat ive advantage at one e n d of 
the a b i l i t y c o n t i n u u m , a n d the s e c o n d g r o u p d i s p l a y s a s t rong re lat ive a d 
vantage at the o p p o s i t e e n d of the a b i l i t y c o n t i n u u m . T h i s f o r m of n o n u n i f o r m 
D I F is t y p i c a l l y re ferred to as c r o s s i n g - n o n u n i f o r m D I F . In the context of i t e m 
response t h e o r y (IRT), u n i f o r m D I F exists w h e n there is a b e t w e e n - g r o u p 
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dif ference i n the b parameters o n l y , n o n u n i f o r m D I F exists w h e n there is a 
b e t w e e n - g r o u p di f ference i n the a parameters (regardless of a n y b e t w e e n -
g r o u p di f ference i n the b parameters) , a n d c r o s s i n g - n o n u n i f o r m D I F exists 
w h e n there is a b e t w e e n - g r o u p dif ference i n the a parameters b u t n o substan
t ia l d i f ference i n the b parameters . 

D e t e r m i n i n g w h e t h e r D I F is n o n u n i f o r m , a n d i n p a r t i c u l a r c r o s s i n g - n o n 
u n i f o r m , is a n i m p o r t a n t step i n D I F analyses. T h i s i m p o r t a n c e stems f r o m the 
fact that m a n y of the c o m m o n l y e m p l o y e d D I F detect ion p r o c e d u r e s w o r k 
u n d e r the a s s u m p t i o n that the D I F is u n i f o r m ; for e x a m p l e , the M a n t e l -
H a e n s z e l c o m m o n o d d s rat io (Dorans & H o l l a n d , 1993; H o l l a n d & T h a y e r , 
1993; M a n t e l & H a e n s z e l , 1959), the M a n t e l - H a e n s z e l ch i -square ( C a m i l l i & 
S h e p a r d , 1994; M a n t e l & H a e n s z e l , 1959), S I B T E S T (Shealy & Stout , 1993), the 
s t a n d a r d i z e d p-di f ference (Dorans & K u l i c k , 1986), a n d A N O V A - b a s e d m e t h 
ods ( W h i t m o r e & S c h u m a c k e r , 1999). A s a result , m a n y of the m o s t p o p u l a r 
m e t h o d s for de tec t ing D I F h a v e unacceptab ly l o w p o w e r for de tec t ing n o n 
u n i f o r m D I F . F o r e x a m p l e , S w a m i n a t h a n a n d Rogers (1990) s h o w e d the M a n 
t e l - H a e n s z e l p r o c e d u r e to be c o m p l e t e l y ineffect ive at detec t ing c r o s s i n g - n o n 
u n i f o r m D I F , h a v i n g a p o w e r e q u a l to the n o m i n a l T y p e I error rate. A l t h o u g h 
u n i f o r m D I F is o b s e r v e d m o r e f requent ly t h a n n o n u n i f o r m D I F , n o n u n i f o r m 
D I F has b e e n i d e n t i f i e d i n a p p l i e d D I F analyses ( H a m b l e t o n & Rogers , 1989), 
a n d thus is a poss ib le threat to i t e m v a l i d i t y . 

Severa l p r o c e d u r e s h a v e been d e v e l o p e d for detect ing n o n u n i f o r m D I F , 
i n c l u d i n g logis t i c regress ion ( N a r a y a n a n & S w a m i n a t h a n , 1996; S w a m i n a t h a n 
& R o g e r s , 1990), c r o s s i n g S I B T E S T ( L i & Stout, 1993), a n d a sp l i t M a n t e l -
H a e n s z e l p r o c e d u r e ( M a z o r , C l a u s e r , & H a m b l e t o n , 1994). A l t h o u g h these 
p r o c e d u r e s d i s p l a y g o o d p o w e r for detec t ing n o n u n i f o r m D I F , they h a v e 
severa l d i s a d v a n t a g e s that h a m p e r their prac t i ca l u t i l i t y . The m o s t severe 
d i s a d v a n t a g e is that of a n i n f l a t e d T y p e I e r ror rate; that is, the logis t ic regres
s i o n p r o c e d u r e has d i s p l a y e d a T y p e I error rate that w a s o n the o r d e r of t w o 
( N a r a y a n a n & S w a m i n a t h a n , 1996) a n d seven ( W h i t m o r e & S c h u m a c k e r , 1999) 
t imes as great as the i n t e n d e d n o m i n a l a l p h a l eve l ; the c r o s s i n g S I B T E S T 
p r o c e d u r e d i s p l a y e d a T y p e I e r ror rate that w a s o n the order of t w o t imes as 
great the n o m i n a l a l p h a l e v e l ( N a r a y a n a n & S w a m i n a t h a n , 1996); a n d the sp l i t 
M a n t e l - H a e n s z e l p r o c e d u r e d i s p l a y e d a T y p e I error rate that w a s i n the o r d e r 
of f ive t imes as great as the n o m i n a l a l p h a l eve l (Maranôn, G a r c i a , & Costas , 
1997). I n a d d i t i o n , s o m e of these p r o c e d u r e s , s u c h as the logist ic regress ion 
m e t h o d , r e q u i r e i terat ive parameter e s t i m a t i o n a n d thus are c o m p u t a t i o n a l l y 
d e m a n d i n g . These d i s a d v a n t a g e s suggest the need for a c o m p u t a t i o n a l l y 
s i m p l e p r o c e d u r e for assessing n o n u n i f o r m D I F that m a i n t a i n s a n acceptable 
T y p e I e r r o r rate a n d r e l a t i v e l y h i g h p o w e r u n d e r a var ie ty of c o n d i t i o n s . 

B r e s l o w a n d D a y (1980) p r o p o s e d a m e t h o d for assessing trends i n o d d s 
rat io heterogenei ty that c a n be a p p l i e d to the analys is of n o n u n i f o r m D I F . T h i s 
p r o c e d u r e has a n o n i t e r a t i v e s o l u t i o n a n d m a y p r o v e to h a v e a p o w e r a n d 
T y p e I e r r o r rate that is s u p e r i o r to those of earl ier p r o p o s e d m e t h o d s . T h i s 
art ic le descr ibes the B r e s l o w - D a y p r o c e d u r e a n d its a p p l i c a t i o n to the detect ion 
of n o n u n i f o r m D I F . I n a d d i t i o n , because p i l o t s i m u l a t i o n s s h o w e d that the 
B r e s l o w - D a y p r o c e d u r e d i s p l a y e d s t rong p o w e r u n d e r c o n d i t i o n s for w h i c h 
the M a n t e l - H a e n s z e l ch i - square d i d not , a n d the M a n t e l - H a e n s z e l ch i -square 

232 



Nonuniform DIF 

d i s p l a y e d s t r o n g p o w e r u n d e r c o n d i t i o n s for w h i c h the B r e s l o w - D a y proce
d u r e d i d not , a p r o c e d u r e u s i n g the results of b o t h m e t h o d s i n c o m b i n a t i o n to 
m a k e stat ist ical dec is ions about D I F is also p r o p o s e d . The results of a s i m u l a 
t i o n s t u d y e x a m i n i n g the p o w e r a n d T y p e I error rates of these procedures are 
r e p o r t e d a n d c o m p a r e d w i t h results obta ined i n earl ier research for logist ic 
regress ion a n d c r o s s i n g S IBTEST. 

The Breslow-Day and Related Procedures 
The Breslow-Day Procedure 
Let us est imate a b i l i t y u s i n g the total test score X a n d denote a p a r t i c u l a r 
s t r a t u m of test score b y k, w h e r e k = 1 , . . . , K. T h e n the responses to the s t u d i e d 
i t e m of the N k i n d i v i d u a l s at the A:th s t r a t u m c a n be o r g a n i z e d i n a 2 x 2 table as 
s h o w n i n Table 1. 

T h e re la t ive p e r f o r m a n c e of the reference a n d focal g r o u p s at the kth 
s t r a t u m can be assessed b y c o n s i d e r i n g the rat io of o d d s of correct response for 
the m e m b e r s of the t w o g r o u p s at s t r a t u m k, yk. T h i s o d d s rat io c a n be es
t i m a t e d u s i n g 

akdk 

V i = to • 

O n e m e t h o d to invest igate the presence of n o n u n i f o r m D I F c o m p a r e s the 
o b s e r v e d v a l u e s of ak to those expected u n d e r the n u l l h y p o t h e s i s of u n i f o r m 
D I F . T h i s m e t h o d is d e v e l o p e d as f o l l o w s . If w e treat the m a r g i n a l v a l u e s at 
each s t r a t u m as f i x e d , t h e n at the fcth s t r a t u m the d i s t r i b u t i o n of ak f o l l o w s a 
n o n c e n t r a l h y p e r g e o m e t r i c d i s t r i b u t i o n g i v e n b y 

" F t 
n,,-a, 

P(ak I n w nFk, nw 

u 

(1) 

w h e r e V|/k is the n o n c e n t r a l i t y parameter ( w h i c h is e q u a l to the o d d s rat io at 
s t r a t u m k), a n d u takes o n a l l poss ib le va lues of ak g i v e n the c o n f i g u r a t i o n of the 
m a r g i n a l totals, n a m e l y , ( 0 , % - nFk) < u < (%,%*). W h e n \\ik = 1, E q u a t i o n 1 
reduces to the f a m i l i a r h y p e r g e o m e t r i c d i s t r i b u t i o n . If the n u m b e r of o b s e r v a 
t ions at s t r a t u m k are re la t ive ly large, w e can a p p r o x i m a t e the d i s t r i b u t i o n of ak 

b y a n o r m a l d i s t r i b u t i o n , centered at the expected v a l u e of ak. Le t us denote the 
a s y m p t o t i c expec ta t ion f o r ak b y Ak, a n d s i m i l a r l y for the other three cells of 
Tab le 1 b y Bk, Ck, a n d Dk. F o r f i x e d m a r g i n a l s , once Ak is k n o w n , the expected 
v a l u e s of the other three cel ls can be o b t a i n e d b y 

&k - nRk ~ A t 

Dt 

Ak, a n d 
- nn + Ak. 

A s s u m i n g that i|/ is constant across a l l K strata, a n d u s i n g these expectat ions, 
the a s y m p t o t i c o d d s rat io at s t r a t u m k c a n be expressed as 

M»n ~ n u + A) AkDk 
B * Q ( n w - Ak)(nlk- Ak) 

(2) 
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Table 1 
Responses to the Stud ied Item by Group Membersh ip 

Response 
Group 1 0 Total 

Reference ak 
nRk 

Focal ck dk nFk 

Total " u "Ok Nk 

E x p a n d i n g E q u a t i o n 2 a n d se t t ing the result e q u a l to z e r o y i e l d s 

Aftl- V ) + Ak(nFk- n u + \|m a+ y n u ) - v n M n u = 0 , (3) 

w h i c h is q u a d r a t i c w i t h respect to Ak. If the a s y m p t o t i c o d d s rat io (\|/) is k n o w n , 
t h e n Ak c a n be o b t a i n e d b y s o l v i n g the quadra t i c e q u a t i o n s h o w n i n E q u a t i o n 3 
u s i n g 

= nu - nFk - y + ± V ( n f t - nlk + y n u + y % ) 2 + 4(1 - y ) (nn nlky) 
k 2(1 - V ) 

O n l y one root y i e l d s poss ib le v a l u e s of A t i n the sense that Ak, Bk, Ck, a n d Dk are 
a l l n o n n e g a t i v e . N o t e that Ak represents the expected v a l u e of ak u n d e r the 
a s s u m p t i o n of h o m o g e n e o u s o d d s ratios, w h i c h is e q u i v a l e n t to the c o n d i t i o n 
of u n i f o r m D I F . 

A s the o d d s rat ios b e c o m e m o r e heterogeneous (the n o n u n i f o r m i t y of D I F 
increases), w e expect larger d e v i a t i o n s b e t w e e n ak a n d the expected v a l u e 
u n d e r the a s s u m p t i o n of h o m o g e n e i t y (^). T h u s a test for n o n u n i f o r m D I F can 
be c o n s t r u c t e d b y c o n s i d e r i n g the d e v i a t i o n s b e t w e e n ak a n d Ak. T h i s strategy 
w a s a d o p t e d b y B r e s l o w a n d D a y (1980), g i v i n g the test statistic 

BD = (4) 

I ^ V(ak) 

I V(ak) 

w h e r e is the v a l u e of the fcth l e v e l of the s t ra t i fy ing var iab le , Ak is the 
a s y m p t o t i c expec ted v a l u e of ak g i v e n b y the s o l u t i o n of E q u a t i o n (3), a n d V(ak) 
is the a s y m p t o t i c var iance of ak g i v e n b y 

V(ak) = 
By 

1 
+ C + 

T h e statistic B D is the B r e s l o w - D a y test for t r e n d i n o d d s ra t ion heterogeneity 
( B r e s l o w & D a y , 1980) a n d is d i s t r i b u t e d a p p r o x i m a t e l y as ch i -square w i t h one 
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degree of f r e e d o m . If the X s are i n t e r v a l or rat io i n scale, a c o n t i n u i t y correct ion 
can be u s e d i n the n u m e r a t o r before s q u a r i n g . In the context of D I F detect ion, 
X represents the l e v e l of pro f i c i ency , w h i c h c a n be est imated u s i n g the total test 
score. 

I n c o m p u t i n g Ak severa l opt ions can be used to estimate \|/. The u n c o n d i 
t i o n a l m a x i m u m l i k e l i h o o d estimate c a n be u s e d , but has the d r a w b a c k s of 
r e q u i r i n g large s t r a t u m sizes a n d b e i n g b iased , w i t h an a s y m p t o t i c v a l u e 
e q u a l i n g the square of the p o p u l a t i o n o d d s rat io (Bres low & D a y , 1980). A n 
a l ternat ive strategy that is r e c o m m e n d e d b y B r e s l o w a n d D a y is to use the 
M a n t e l - H a e n s z e l est imate of the c o m m o n o d d s rat io. Descr ip t ions of the c o m 
p u t a t i o n a n d i n t e r p r e t a t i o n of the M a n t e l - H a e n s z e l c o m m o n o d d s rat io i n the 
context of D I F detec t ion are p r o v i d e d b y C a m i l l i a n d S h e p a r d (1994) a n d 
D o r a n s a n d H o l l a n d (1993). The M a n t e l - H a e n s z e l c o m m o n o d d s rat io has the 
advantages of b e i n g c o m p u t a t i o n a l l y s i m p l e a n d a s y m p t o t i c a l l y u n b i a s e d . 
T h i s art ic le uses the M a n t e l - H a e n s z e l est imate of the c o m m o n o d d s rat io i n 
c o m p u t i n g B D . 

It s h o u l d be n o t e d that B r e s l o w a n d D a y (1980) a lso p r o p o s e d a g l o b a l test 
of o d d s rat io heterogenei ty , T, that is d i s t r i b u t e d a p p r o x i m a t e l y as chi -square 
w i t h K-l degrees of f r e e d o m w h e n the n u m b e r of observat ions per s t r a t u m is 
large . T h e statistic T h a s severa l k n o w n d r a w b a c k s . F irs t , because it is a g l o b a l 
statistic it c a n n o t assess the specif ic a l ternat ive that there is a systematic i n 
crease or decrease i n the o d d s ratios across the a b i l i t y c o n t i n u u m , as w o u l d be 
the case i n n o n u n i f o r m D I F . Second, if there are re la t ive ly f e w observat ions per 
s t r a t u m , T m a y n o t a p p r o x i m a t e the n o m i n a l ch i - square d i s t r i b u t i o n , e v e n 
w h e n the n u l l h y p o t h e s i s of h o m o g e n e i t y h o l d s . P i l o t s i m u l a t i o n s s h o w e d that 
unless the s a m p l e sizes w e r e v e r y large (e.g., > 2000), T h a d v e r y l o w p o w e r , 
ra re ly e x c e e d i n g .20. A s a result , the u t i l i t y of T i n detec t ing n o n u n i f o r m D I F is 
not p u r s u e d i n this art ic le . 

The Combined Decision Rule Procedure 
The M a n t e l - H a e n s z e l ch i - square ( M H ) is k n o w n to be the m o s t p o w e r f u l test of 
u n i f o r m D I F ( C o x , 1988), b u t has been s h o w n to be re la t ive ly ineffect ive at 
de tec t ing c r o s s i n g - n o n u n i f o r m D I F w h e n the i t e m d i f f i c u l t y w a s m e d i u m 
( N a r a y a n a n & S w a m i n a t h a n , 1996; S w a m i n a t h a n & Rogers , 1990). T h e f o r m u l a 
r e q u i r e d f o r c o m p u t i n g M H is presented i n the context of D I F detec t ion b y 
C a m i l l i a n d S h e p a r d (1994). Because p i l o t s i m u l a t i o n s i n d i c a t e d that the p o w e r 
of B D for d e t e c t i n g c r o s s i n g - n o n u n i f o r m D I F t e n d e d to be re la t ive ly h i g h w h e n 
the d i f f i c u l t y of the s t u d i e d i t e m w a s m e d i u m , b u t decreased s u b s t a n t i a l l y as 
the d i f f i c u l t y of the s t u d i e d i t e m became m o r e extreme, i t w a s of interest to 
d e t e r m i n e the extent to w h i c h a d e c i s i o n r u l e b a s e d o n a c o m b i n a t i o n of the 
i n d i v i d u a l d e c i s i o n s m a d e a c c o r d i n g to B D a n d M H c o u l d m a i n t a i n h i g h 
p o w e r a n d adequate T y p e I e r ror rates across a l l levels of s t u d i e d i t e m d i f f i c u l 
ty. T h i s c o m b i n e d d e c i s i o n r u l e is d e n o t e d here b y C D R . T h e C D R accepts the 
n u l l h y p o t h e s i s of n o D I F i f b o t h B D a n d M H l e a d to dec i s ions of a c c e p t i n g the 
n u l l h y p o t h e s i s , a n d the C D R rejects the n u l l h y p o t h e s i s o f n o D I F i f e i ther B D 
or M H leads to a d e c i s i o n o f re ject ing the n u l l h y p o t h e s i s . 

T h e C D R p r o c e d u r e is b a s e d o n the results of t w o stat is t ical tests, a n d as 
s u c h the s i g n i f i c a n c e l e v e l u s e d for each test of the C D R p r o c e d u r e requires 
correc t ion to o b t a i n the i n t e n d e d n o m i n a l T y p e I e r ror rate. I r e c o m m e n d the 
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use of the B o n f e r r o n i cor rec t ion ( M e n d e n h a l l , Scheaffer, & W a c k e r l y , 1986), 
w h e r e b y the i n t e n d e d n o m i n a l T y p e I e r ror rate is d i v i d e d b y the n u m b e r of 
i n d i v i d u a l tests c o n d u c t e d ( in this case, two) to arr ive at the per-test s i g 
n i f i cance l e v e l for the C D R p r o c e d u r e . That is, if a n o m i n a l T y p e I error rate is 
set to .05 ( a = .05), t h e n the C D R p r o c e d u r e assesses D I F u s i n g B D a n d M H w i t h 
a = .025. T h e B o n f e r r o n i correc t ion is c o m m o n l y u s e d to adjust the per-test 
s igni f i cance l e v e l w h e n m u l t i p l e tests are c o n d u c t e d o n the same data ( K e p p e l , 
1991) a n d has a l so been p r o p o s e d to adjust the per-test s igni f icance l e v e l w h e n 
m u l t i p l e tests of D I F are c o n d u c t e d o n the same i t e m (Penf ie ld , 2001). 

Method 
A s i m u l a t i o n s t u d y w a s c o n d u c t e d to assess the p o w e r a n d T y p e I e r ror rate of 
B D , M H , a n d C D R u n d e r a v a r i e t y of c o n d i t i o n s . A secondary p u r p o s e of the 
s i m u l a t i o n s t u d y w a s to p e r m i t a c o m p a r i s o n of the p o w e r a n d T y p e I error 
rate of B D a n d C D R to that o b s e r v e d for c r o s s i n g S I B T E S T a n d logist ic regres
s i o n as r e p o r t e d i n N a r a y a n a n a n d S w a m i n a t h a n (1996). T o this e n d , m a n y of 
the p r o p e r t i e s of the s i m u l a t i o n s t u d y c o n d u c t e d here f o l l o w the m e t h o d s 
e m p l o y e d b y N a r a y a n a n a n d S w a m i n a t h a n . A l t h o u g h there are some d i f f e r e n 
ces i n the s i m u l a t i o n m e t h o d s u s e d here to those of N a r a y a n a n a n d 
S w a m i n a t h a n , the m e t h o d s w e r e v i e w e d as b e i n g s i m i l a r e n o u g h to p e r m i t a 
c lear c o m p a r i s o n of the p e r f o r m a n c e of c r o s s i n g S I B T E S T a n d logist ic regres
s i o n to the p r o c e d u r e s presented here. 

Simulation Procedures 
A n a r t i f i c i a l test w a s cons t ruc ted of 40 d i c h o t o m o u s i tems. O n e of the 40 i tems, 
the s t u d i e d i t e m , w a s tested for D I F u s i n g B D , M H , a n d C D R . F o r each i t e m , 
responses w e r e generated b y (a) d r a w i n g a r a n d o m variate f r o m a n o r m a l 
d i s t r i b u t i o n w i t h m e a n u a n d s t a n d a r d d e v i a t i o n of one, (b) d e t e r m i n i n g the 
p r o b a b i l i t y (P) of correct response o n the i tem a c c o r d i n g to the three-parameter 
I R T m o d e l ( L o r d , 1980), (c) d r a w i n g a r a n d o m variate (U) f r o m a u n i f o r m 
d i s t r i b u t i o n o n the i n t e r v a l 0 to 1, a n d (d) a s s i g n i n g a response of 1 if P > U a n d 
0 if P < U. 

T h e parameters of the n o n s t u d i e d i tems w e r e ass igned as f o l l o w s : each c 
p a r a m e t e r v a l u e w a s set to 0.2, each b parameter w a s s a m p l e d f r o m N ( 0 , 1 ) , a n d 
each a p a r a m e t e r w a s set to exp(z), w h e r e z w a s s a m p l e d f r o m N ( 0 , 0.1225). 
These p a r a m e t e r d i s t r i b u t i o n s are consistent w i t h those u s e d i n earl ier research 
a n d represent real ist ic d i s t r i b u t i o n s of i t e m parameters ( D o n o g h u e & A l l e n , 
1993; Z w i c k , D o n o g h u e , & G r i m a , 1993). F o r the s t u d i e d i t e m , the c parameter 
w a s a s s i g n e d a v a l u e of 0.2, a n d the b a n d a parameters were f i x e d as descr ibed 
b e l o w . 

T o invest igate the p e r f o r m a n c e of B D , M H , a n d C D R u n d e r a v a r i e t y of 
c o n d i t i o n s , the f o l l o w i n g factors w e r e m a n i p u l a t e d : D I F effect s ize , e q u a l i t y of 
g r o u p a b i l i t y d i s t r i b u t i o n s , s a m p l e s ize , the d i f f i c u l t y of the s t u d i e d i t e m , a n d 
the d i s c r i m i n a t i o n of the s t u d i e d i t e m . E a c h of these factors is d i s c u s s e d b e l o w . 

Magnitude of nonuniform DIF. T h e m a g n i t u d e of n o n u n i f o r m D I F i n t r o d u c e d 
i n t o the s t u d i e d i t e m w a s d e t e r m i n e d b y the area be tween the i t e m charac
teristic c u r v e s of the reference a n d focal g r o u p s . T h i s area is u s e d as a n i n d e x of 
D I F effect s ize (represented b y A) a n d is o b t a i n e d u s i n g the d e r i v a t i o n s p r o 
v i d e d b y R a j u (1988). F i v e levels of effect s ize w e r e u s e d : A = 0.0, A = 0.4, A = 0.6, 
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A = 0.8, a n d A = 1.0. T h e case of A = 0 is u s e d to assess the T y p e I er ror rates of 
B D , M H , a n d C D R . F o r each effect s ize , t w o sets of a parameters w e r e u s e d ; one 
set w h e r e the a p a r a m e t e r s w e r e r e l a t i v e l y l o w ( L o w - a c o n d i t i o n ) , a n d one set 
w h e r e the a p a r a m e t e r s w e r e r e l a t i v e l y h i g h ( H i g h - a c o n d i t i o n ) . T h e va lues of 
the a p a r a m e t e r s i n the l o w a n d h i g h c o n d i t i o n s are d i s p l a y e d i n Table 2. F o r A 
= 0.4, 0.6, 0.8, a n d 1.0 the v a l u e s of aF a n d aR are i d e n t i c a l to those u s e d b y 
N a r a y a n a n & S w a m i n a t h a n (1996). F o r A = 0.0, the va lues of aF a n d aR w e r e 
b o t h set t o 0.66 u n d e r the L o w - a c o n d i t i o n a n d 1.26 u n d e r the H i g h - a c o n d i t i o n . 
T h e v a l u e of 0.66 e q u a l s the m e a n of a l l e ight v a l u e s of aF a n d aR i n the L o w - a 
c o n d i t i o n , a n d the v a l u e of 1.26 equals the m e a n of a l l e ight v a l u e s of aF a n d aR 

i n the H i g h - a c o n d i t i o n . 
Equality of group ability distributions. It is o f ten the case that the a b i l i t y 

d i s t r i b u t i o n s of the reference a n d foca l g r o u p s h a v e u n e q u a l means . T o ex
a m i n e the effect of the e q u a l i t y of g r o u p a b i l i t y d i s t r i b u t i o n s o n the p r o c e d u r e s 
b e i n g s t u d i e d , t w o leve ls of e q u a l i t y w e r e u s e d . I n the f irst l e v e l the g r o u p s h a d 
e q u a l m e a n s (|iR = \x.F = 0), a n d i n the s e c o n d l e v e l the focal g r o u p h a d a m e a n 
that w a s o n e s t a n d a r d d e v i a t i o n b e l o w the m e a n of the reference g r o u p (\iR = 0 
a n d |0.F = - 1 ) . 

Group size. F o u r l eve l s of g r o u p s ize w e r e inves t iga ted i n this s t u d y : (a) NR -
500 a n d NF = 200, (b) NR = 500 a n d NF = 500, (c) NR = 1,000 a n d NF = 200, a n d (d) 
NR =1,000 a n d NF = 500. These leve ls are representat ive of s a m p l e sizes f o u n d i n 
p r a c t i c a l t e s t i n g s i t u a t i o n s , a n d are i d e n t i c a l to those e m p l o y e d b y N a r a y a n a n 
a n d S w a m i n a t h a n (1996). 

Difficulty of the studied item. Three levels of d i f f i c u l t y of the s t u d i e d i t e m 
w e r e i n v e s t i g a t e d : b = -1 .5 ,0 .0 ,1 .5 . These levels are i d e n t i c a l to those e m p l o y e d 
b y N a r a y a n a n a n d S w a m i n a t h a n (1996). 

Discrimination of the studied item. T w o levels of d i s c r i m i n a t i o n of the s t u d i e d 
i t e m w e r e i n v e s t i g a t e d : a l o w d i s c r i m i n a t i o n l e v e l (Low-a) a n d a h i g h d i s 
c r i m i n a t i o n l e v e l ( H i g h - a ) . T h e v a l u e s of the a parameters for the focal a n d 
reference g r o u p s v a r i e d d e p e n d i n g o n the l e v e l of effect s ize , as d i s p l a y e d i n 
T a b l e 2. H o w e v e r , f o r e a c h l e v e l of effect s ize , there are t w o levels of a paramet 
ers c o r r e s p o n d i n g to the L o w - a a n d H i g h - a c o n d i t i o n s . 

T h i s d e s i g n y i e l d e d 240 c o n d i t i o n s (5 levels of effect s ize x 2 levels of a b i l i t y 
d i s t r i b u t i o n e q u a l i t y x 4 levels of s a m p l e s ize x 3 levels of s t u d i e d i t e m d i f f i c u l 
ty x 2 leve l s of s t u d i e d i t e m d i s c r i m i n a t i o n ) . E a c h c o n d i t i o n w a s repl i ca ted 
1,000 t i m e s , a n d across the 1,000 tr ia ls the p r o p o r t i o n of tr ials for w h i c h the n u l l 
h y p o t h e s i s of n o D I F w a s rejected w a s r e c o r d e d for B D , M H , a n d C D R proce 
d u r e s . These p r o p o r t i o n s serve as est imates of the p o w e r a n d T y p e I e r r o r rates 
of e a c h p r o c e d u r e . T h e n o m i n a l T y p e I e r r o r rate u s e d for the tests of D I F u s i n g 
B D a n d M H i n i s o l a t i o n w a s .05, a n d the n o m i n a l T y p e I er ror rate u s e d for B D 
a n d M H i n the C D R test of D I F w a s .025 (thus e m p l o y i n g the B o n f e r r o n i 
correc t ion) . I n a l l c o n d i t i o n s , bR = b¥ f o r a l l i tems, i n c l u d i n g the s t u d i e d i t e m , 
a n d t h u s a l l s i m u l a t e d D I F w a s of the c r o s s i n g - n o n u n i f o r m type . 

Accommodating Empty Strata 
It is o c c a s i o n a l l y the case that strata c o n t a i n n o d a t a for e i ther the reference 
g r o u p o r the f o c a l g r o u p , p a r t i c u l a r l y for strata at the extreme ends of the test 
score c o n t i n u u m . F o r s u c h strata the c a l c u l a t i o n of a n o d d s rat io is i m p o s s i b l e 
d u e to the presence of fract ions w i t h d e n o m i n a t o r s w i t h va lues of zero . A 
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Table 2 
Values of the a Parameters for the Studied Item 

Low-a High-a 
Effect Size (A) aF aR aF aR 

0.0 0.66 0.66 1.26 1.26 
0.4 0.72 0.50 2.01 0.90 
0.6 0.80 0.46 1.97 0.70 
0.8 0.91 0.43 1.79 0.56 
1.0 1.03 0.40 1.68 0.47 

Note. For the condition in which A = 0, the values of a equal the mean of the a values in other 
four effect size condition across both the reference and focal groups. 

c o m m o n l y e m p l o y e d strategy to a c c o m m o d a t e e m p t y cells is to a d d the v a l u e 
of 0.5 to each ce l l of T a b l e 1, thus a v o i d i n g z e r o d e n o m i n a t o r s ( A g r e s t i , 1990). 
T h i s s trategy is i n a d e q u a t e i n the context of D I F , as i t leads to gross ly in f la ted 
T y p e I e r r o r rates of c o n t i n g e n c y table m e t h o d s of D I F detect ion (such as M H 
a n d B D ) w h e n the a b i l i t y d i s t r i b u t i o n s of the reference a n d focal g r o u p s di f fer . 
A s a resul t , th is s i m u l a t i o n s t u d y e m p l o y e d the strategy of o m i t t i n g f r o m the 
ana lys i s the d a t a f r o m a n y strata for w h i c h ei ther the reference or focal g r o u p 
h a d a z e r o f requency . 

Differences from the Methods of Narayanan and Swaminathan (1996) 
A l t h o u g h this s t u d y u s e d a s i m u l a t i o n p r o c e d u r e that w a s near ly ident i ca l to 
that of N a r a y a n a n a n d S w a m i n a t h a n (1996), there w e r e t w o subtle differences. 
F irs t , the v a l u e s of the a parameters w h e n A = 0 w e r e not r e p o r t e d i n 
N a r a y a n a n a n d S w a m i n a t h a n (1996), a n d thus w e r e p r o b a b l y not i d e n t i c a l to 
those u s e d here . H o w e v e r , because the va lues of the a parameters u s e d here 
w h e n A = 0 w e r e e q u a l to the average v a l u e of those u s e d i n the other levels of 
effect s ize , i t seems l i k e l y that s i m i l a r va lues w o u l d have been u s e d b y 
N a r a y a n a n a n d S w a m i n a t h a n . S e c o n d , N a r a y a n a n a n d S w a m i n a t h a n i n v e s 
t igated the effect of m a t c h i n g c r i t e r i o n c o n t a m i n a t i o n , a n d thus i n t r o d u c e d 
n o n u n i f o r m D I F i n t o v a r y i n g n u m b e r s of i tems o n the test. F o r realist ic levels 
of c o n t a m i n a t i o n (10%-20% of the i tems d i s p l a y i n g D I F ) , this effect w a s s h o w n 
to h a v e l i t t le effect o n the p o w e r a n d T y p e I error rate of logist ic regress ion, 
c r o s s i n g S I B T E S T , a n d M H ( N a r a y a n a n & S w a m i n a t h a n ) , as w e l l as o n other 
D I F de tec t ion p r o c e d u r e s (Penf ie ld , 2001). A s a consequence, the effect of 
m a t c h i n g c r i t e r i o n c o n t a m i n a t i o n w a s not expected to h a v e a substant ia l effect 
o n the p e r f o r m a n c e of C D R , a n d w a s not s t u d i e d i n this s i m u l a t i o n . 

Results 
Type I Error Rates 
T a b l e 3 presents the T y p e I e r ror rates for B D , M H , a n d C D R as a f u n c t i o n of 
g r o u p s ize , i t e m t y p e , a n d e q u a l i t y of the reference a n d foca l g r o u p a b i l i t y 
d i s t r i b u t i o n s . Inspec t ion of the T y p e I e r ror rates indicates that a l l p r o c e d u r e s 
m a i n t a i n e d T y p e I e r ror rates that w e r e consis tent ly at or b e l o w the n o m i n a l 
l e v e l of .05 w h e n g r o u p a b i l i t y d i s t r i b u t i o n s w e r e e q u a l , a n d consis tent ly near 
the n o m i n a l l e v e l of .05 w h e n g r o u p a b i l i t y d i s t r i b u t i o n s w e r e u n e q u a l . I n 
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Table 3 
Type I Error Rate as a Funct ion of Samp le Size and Item Type 

Factor BD MH CDR BD MH CDR 

Sample Size 

/v„ = 500, / V F = 2 0 0 .01 .05 .04 .02 .06 .04 
/ v „ = 5 0 0 , / V F = 5 0 0 .01 .05 .03 .02 .07 .05 
NR= 1,000, N F = 2 0 0 .02 .06 .04 .02 .07 .04 
A/ft = 1,000, A/ F = 500 .02 .06 .03 .02 .08 .05 

/tem Type 

Low-£>, High-a .00 .05 .03 .00 .09 .04 
Med-b, Low-a .02 .06 .04 .02 .06 .04 
Med-b, High-a .00 .05 .03 .01 .06 .03 
High-b, Low-a .04 .06 .04 .05 .08 .07 

Note. BD, MH, and CDR correspond to the Breslow-Day test, the Mantel-Haenszel chi-square, 
and the combined decision rule respectively. 

genera l , M H a n d C D R d i s p l a y e d T y p e I error rates that w e r e h i g h e r t h a n that 
of B D , p a r t i c u l a r l y i n the c o n d i t i o n s for w h i c h the d i s c r i m i n a t i o n of the s t u d i e d 
i t e m w a s h i g h ( H i g h - a ) . O f m o s t i m p o r t a n c e to this s t u d y is the o b s e r v a t i o n 
that the T y p e I e r r o r rate of C D R r e m a i n e d at o r b e l o w the n o m i n a l l eve l of .05 
for a l l c o n d i t i o n s except one ( H i g h - b , L o w - a , u R - |xr = 1), for w h i c h the T y p e I 
e r r o r rate e q u a l e d .07. 

Power 
Table 4 d i s p l a y s the p o w e r of B D , M H , a n d C D R as a f u n c t i o n of g r o u p s ize , 
effect s ize , i t e m t y p e , a n d dif ference b e t w e e n the a b i l i t y d i s t r i b u t i o n s of the 
reference a n d foca l g r o u p . These results indicate three general t rends i n the 
p o w e r rates. F i rs t , the p o w e r of B D w a s re la t ive ly l o w w h e n the s t u d i e d i t e m 
d i f f i c u l t y w a s extreme (Low-fr a n d High-fr) a n d re la t ive ly h i g h w h e n the 
s t u d i e d i t e m d i f f i c u l t y w a s m o d e r a t e (Med-b) . S e c o n d , the p o w e r of M H 
s h o w e d a n i n v e r s e r e l a t i o n s h i p to that of B D , b e i n g v e r y l o w w h e n the s t u d i e d 
i t e m d i f f i c u l t y w a s modera te , a n d re la t ive ly h i g h w h e n the s t u d i e d i t e m d i f 
f i c u l t y w a s extreme. T h i s resul t c o n f i r m s the f i n d i n g s of p i l o t s i m u l a t i o n s a n d 
suggests that a c o m b i n e d use of B D a n d M H w o u l d p r o v i d e h i g h p o w e r across 
a l l levels of s t u d i e d i t e m d i f f i c u l t y . The t h i r d result of interest is that the p o w e r 
of C D R w a s cons is tent ly h i g h across a l l levels of s t u d i e d i t e m d i f f i c u l t y a n d 
d i s c r i m i n a t i o n . T h e p o w e r of C D R t e n d e d to be h i g h e r for H i g h - a t h a n L o w - a 
c o n d i t i o n s , a n d h i g h e r for c o n d i t i o n s w i t h e q u a l g r o u p a b i l i t y d i s t r i b u t i o n s 
t h a n u n e q u a l g r o u p a b i l i t y d i s t r i b u t i o n s . In a d d i t i o n , the p o w e r for a l l three 
p r o c e d u r e s w a s m o r e d e p e n d e n t o n the presence of a s m a l l g r o u p s ize t h a n o n 
the c o m b i n e d n u m b e r of reference a n d focal g r o u p m e m b e r s ; that is, the p o w e r 
w a s h i g h e r for NR = NF = 500 ( c o m b i n e d g r o u p s ize of 1,000) t h a n for NR - 1,000 
a n d N f = 200 ( c o m b i n e d g r o u p s ize of 1,200). 
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Table 4 
Power as a Funct ion of Samp le Size, Effect Size, and Item Type 

Factor BD 
M f - M F = 0 

MH CDR BD MH CDR 

Sample Size 

/V f l = 500, A / F = 2 0 0 .30 .39 .50 .20 .33 .36 
/V„ = 500, A / F = 5 0 0 .45 .44 .71 .37 .45 .54 
NR= 1,000, NF= 200 .40 .41 .58 .30 .36 .45 
/ V H = 1,000, N F = 5 0 0 .57 .47 .80 .50 .49 .66 

Effect Size 
A = 0.4 .17 .32 .37 .10 .21 .20 
A = 0.6 .36 .41 .59 .27 .37 .43 
A = 0.8 .54 .47 .76 .45 .48 .62 
A = 1.0 .65 .51 .87 .56 .57 .76 

Item Type 

Low-b, High-a .43 .96 .95 .46 .81 .78 
Med-6, Low-a .52 .06 .45 .37 .10 .32 
Med-to, High-a .72 .07 .65 .51 .23 .50 
High-b, Low-a .05 .62 .55 .04 .49 .42 

Note. BD, MH, and CDR correspond to the Breslow-Day test, the Mantel-Haenszel chi-square, 
and the combined decision rule respectively. 

Comparing CDR to Logistic Regression and Crossing SIBTEST 
T h e results of the s i m u l a t i o n s t u d y i n d i c a t e d that a l t h o u g h B D a n d M H w e r e 
effect ive i n d e t e c t i n g n o n u n i f o r m D I F u n d e r speci f ic c o n d i t i o n s , C D R w a s 
cons i s tent ly effect ive across a l l c o n d i t i o n s . Because C D R appears to h o l d the 
greatest p o t e n t i a l for i m p r o v i n g the ava i lab le m e t h o d o l o g y for D I F detect ion, 
it w a s of interest to c o m p a r e the p e r f o r m a n c e of C D R w i t h other p o p u l a r 
m e t h o d s for de tec t ing n o n u n i f o r m D I F . Table 5 presents a c o m p a r i s o n of the 
T y p e I e r r o r rate a n d p o w e r of C D R w i t h that o b t a i n e d for logis t ic regress ion 
a n d c r o s s i n g S I B T E S T i n ear l ier research ( N a r a y a n a n & S w a m i n a t h a n , 1996). 
T h e o b s e r v e d T y p e I rate of C D R w a s .04 across a l l c o n d i t i o n s , subs tant ia l ly 
l o w e r t h a n the T y p e I e r r o r rates of a p p r o x i m a t e l y .09 o b s e r v e d for logis t ic 
r e g r e s s i o n a n d c r o s s i n g S I B T E S T across a n e a r l y i d e n t i c a l set of c o n d i t i o n s . A s 
a result , C D R appears to h a v e a c lear advantage i n terms of T y p e I e r ror rate. 

W i t h respect to p o w e r , the v a l u e s o b t a i n e d for C D R d i s p l a y e d i n Tab le 5 are 
s l i g h t l y l o w e r t h a n those o b t a i n e d f o r logis t ic regress ion a n d c r o s s i n g S I B T E S T . 
T h e average d i f ference i n p o w e r b e t w e e n C D R a n d logist ic regress ion w a s .05, 
a n d b e t w e e n C D R a n d c r o s s i n g S I B T E S T w a s .10. T h e largest d iscrepancies i n 
p o w e r b e t w e e n C D R a n d the other t w o p r o c e d u r e s o c c u r r e d w h e n g r o u p s izes 
w e r e s m a l l (NR = 500 a n d Nr = 200) a n d the s t u d i e d i t e m d i f f i c u l t y a n d 
d i s c r i m i n a t i o n w e r e m e d i u m a n d h i g h , respect ively ( M e d - b , H i g h - f l ) . W h e n the 
g r o u p s izes w e r e larger (NR = 1,000 a n d NF = 500), C D R d i s p l a y e d a p o w e r that 
w a s o n l y .02 b e l o w that of logis t i c regress ion a n d .06 b e l o w that of c r o s s i n g 
S I B T E S T . 
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Table 5 
Compar ing the Type I Error Rate and Power of CDR to Logist ic Regress ion 

and Cross ing S IBTEST 

Type 1 Error Rate Power 
Factor CDR LR SIB CDR LR SIB 

Sample Size 

A/„ = 500, A / F = 2 0 0 .04 .08 .08 .43 .52 .58 
/ V n = 5 0 0 , A / F = 5 0 0 .04 .08 .09 .63 .70 .72 
A / R = 1,000, / V F = 2 0 0 .04 .09 .08 .52 .57 .62 
A / „= 1,000, / V F = 5 0 0 .04 .09 .09 .73 .75 .79 

/fem Type 

Low-b, High-a .04 .10 .11 .87 .90 .88 
Med-b, Low-a .04 .08 .08 .39 .44 .47 
Med-b, High-a .03 .09 .09 .58 .70 .77 
High-b, Low-a .05 .06 .07 .49 .48 .59 

Note. Reported values for sample size were obtained by collapsing across all conditions other 
than sample size, and reported values for item type were obtained by collapsing across all 
conditions other than item type. Values for logistic regression (LR) and crossing SIBTEST (SIB) 
were obtained from Narayanan and Swaminathan (1996), in which 100 trials were run for each 
condition. 

Discussion 
T h i s s t u d y i n v e s t i g a t e d the p o w e r a n d T y p e I error rate of the B r e s l o w - D a y test 
of t r e n d i n o d d s rat io heterogenei ty (BD) a n d a c o m b i n e d d e c i s i o n rule ( C D R ) 
that is b a s e d o n the outcomes of b o t h B D a n d the M a n t e l - H a e n s z e l chi -square 
( M H ) . A s i m u l a t i o n s t u d y l e d to t w o general results r e g a r d i n g the p o w e r a n d 
T y p e I e r r o r rate of B D a n d C D R . First , B D used i n i so la t ion m a i n t a i n e d a 
s u b n o m i n a l T y p e I e r ror rate across a l l c o n d i t i o n s a n d a h i g h p o w e r w h e n the 
s t u d i e d i t e m d i f f i c u l t y w a s moderate . S e c o n d , C D R m a i n t a i n e d a T y p e I e r ror 
rate at o r b e l o w the n o m i n a l l e v e l across n e a r l y a l l c o n d i t i o n s a n d also d i s 
p l a y e d cons i s tent ly h i g h p o w e r across a l l levels of s t u d i e d i t e m d i f f i c u l t y . A 
c o m p a r i s o n of the p o w e r a n d T y p e I e r ror rate of C D R w i t h those obta ined for 
logis t i c regress ion a n d c r o s s i n g S I B T E S T i n earl ier research ( N a r a y a n a n & 
S w a m i n a t h a n , 1996) i n d i c a t e d that C D R d i s p l a y e d a T y p e I error rate that w a s 
cons is tent ly m o r e t h a n 5 0 % l o w e r t h a n that of the other t w o p r o c e d u r e s (.04 vs . 
a p p r o x i m a t e l y .09) a n d that C D R d i s p l a y e d a p o w e r that w a s s l i g h t l y l o w e r 
t h a n that of the other p r o c e d u r e s . 

T h e results of this s t u d y c lear ly indica te that C D R has a T y p e I error rate 
that is s u p e r i o r to that of logis t ic regress ion a n d c r o s s i n g S IBTEST. H o w e v e r , 
the i n f l a t e d T y p e I e r ror rates of logist ic regress ion a n d c r o s s i n g S I B T E S T 
h a m p e r a c o m p a r i s o n of their p o w e r w i t h that of C D R a n d thus p r e v e n t a clear 
c o n c l u s i o n c o n c e r n i n g their re lat ive effectiveness i n pract ice . N a r a y a n a n a n d 
S w a m i n a t h a n (1996) p r o v i d e d a n estimate of the s igni f icance l e v e l r e q u i r e d for 
log is t i c regress ion a n d c r o s s i n g S I B T E S T to obta in a n o b s e r v e d T y p e I error 
rate of .05. F o r b o t h p r o c e d u r e s the corrected s igni f icance l eve l appears to be 
a p p r o x i m a t e l y .025. It is c u r r e n t l y u n k n o w n w h a t the p o w e r of logist ic regres-
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s i o n a n d c r o s s i n g S I B T E S T w o u l d be if this corrected s igni f icance l e v e l w e r e 
u s e d , b u t i t is expected to be l o w e r t h a n that repor ted b y N a r a y a n a n a n d 
S w a m i n a t h a n . M y s i m u l a t i o n s s h o w e d that a change i n the s igni f icance l eve l 
f r o m .05 to .025 l e d to a decrease i n p o w e r of B D a n d M H b y a p p r o x i m a t e l y .10 
( a l t h o u g h this v a l u e v a r i e d great ly d e p e n d i n g o n the c o n d i t i o n , somet imes 
b e i n g as l i t t le as .01 a n d other t imes b e i n g as great as .20). If the p o w e r of 
logis t i c regress ion a n d c r o s s i n g S I B T E S T are affected s i m i l a r l y to that of B D 
a n d M H , t h e n the p o w e r of logist ic regress ion a n d c r o s s i n g S I B T E S T u s i n g the 
correc ted s ign i f i cance l e v e l w o u l d be expected to be l o w e r t h a n that of C D R . 
F u r t h e r research is r e q u i r e d to u n d e r s t a n d better h o w the p o w e r of logis t ic 
regress ion a n d c r o s s i n g S I B T E S T u s i n g a corrected s igni f icance l e v e l c o m p a r e s 
w i t h that of C D R . 

T h i s s t u d y d e m o n s t r a t e d the g o o d T y p e I er ror rate a n d re la t ive ly s t r o n g 
p o w e r e x h i b i t e d b y the C D R p r o c e d u r e for detec t ing c r o s s i n g - n o n u n i f o r m 
D I F . T h i s result , i n c o m b i n a t i o n w i t h the fact that M H is k n o w n to be the m o s t 
effect ive m e t h o d for detec t ing u n i f o r m D I F ( C a m i l l i & S h e p a r d , 1994; C o x , 
1988), suggests that C D R m a y be the s ingle m o s t effective m e t h o d for s i m u l 
t a n e o u s l y de tec t ing u n i f o r m a n d n o n u n i f o r m D I F i n d i c h o t o m o u s i tems. Be
cause C D R has the a d d e d advantage of b e i n g c o m p u t a t i o n a l l y s i m p l e re lat ive 
to o ther p r o c e d u r e s that require a n iterat ive parameter e s t i m a t i o n a l g o r i t h m , 
s u c h as logis t i c regress ion a n d 1RT m e t h o d s , C D R appears to be a n attractive 
a l ternat ive to o ther p r o c e d u r e s c u r r e n t l y i n use. 

T h e use of C D R i n D I F detec t ion analyses m a y i m p r o v e the a b i l i t y of test 
d e v e l o p e r s to i d e n t i f y i tems that c o n t a i n bias . Because c u r r e n t l y e m p l o y e d 
m e t h o d s of D I F detec t ion are p o o r at s i m u l t a n e o u s l y detect ing u n i f o r m a n d 
n o n u n i f o r m D I F , C D R offers test deve lopers a means to assess each i t e m for a 
large v a r i e t y of f o r m s of D I F a n d thus a h i g h l y p o w e r f u l m e t h o d of assessing 
each i t e m for b ias . T h e use of C D R to i m p r o v e the detect ion of b i a s e d test i tems 
m a y u l t i m a t e l y l e a d to a n i m p r o v e m e n t i n the v a l i d i t y of test scores. 
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