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The purpose of this study was to evaluate the equivalence of two translated tests using 
statistical and judgmental methods. Performance differences for a large random sample of 
English- and French-speaking examinees were compared on a grade 6 mathematics and social 
studies provincial achievement test. Items displaying differential item functioning (DIF) 
were flagged using three popular statistical methods—ManteTHaenszel, Simultaneous Item 
Bias Test, and logistic regression—and the substantive meaning of these items was studied 
by comparing the back-translated form with the original English version. The items flagged 
by the three statistical procedures were relatively consistent, but not identical across the two 
tests. The correlation between the DIF effect size measures were also strong, but far from 
perfect, suggesting that two procedures should be used to screen items for translation DIF. To 
identify the DIF items with translation differences, the French items were back-translated 
into English and compared with the original English items by three reviewers. Two of seven 
and six of 26 DIF items in mathematics and social studies respectively were judged to be 
nonequivalent across language forms due to differences introduced in the translation process. 
There were no apparent translation differences for the remaining items, revealing the neces
sity for further research on the sources of translation differential item functioning. Results 
from this study provide researchers and practitioners with a better understanding of how 
three popular DIF statistical methods compare and contrast. The results also demonstrate 
how statistical methods inform substantive reviews intended to identify items with transla
tion differences. 

Le but de cette étude était d'évaluer l'équivalence de deux examens traduits avec des méthodes 
basées sur les statistiques et d'autres reposant sur le jugement. On a comparé les différences 
dans la performance d'un grand échantillon aléatoire de sujets anglophones et francophones 
qui avaient complété des examen provinciaux de sixième année en mathématiques et en 
études sociales. Les items démontrant une divergence par rapport aux autres (differential 
item functioning - DIF) ont été marqués d'un indicateur dans le contexte de trois méthodes 
statistiques bien connues - Mantel-Haenszel, Simultaneous Item Bias Test et la régression 
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logistique. La signification de fond de ces items a été étudiée en comparant la version traduite 
de l'examen avec l'original en anglais. Les items marqués par les trois procédures statistiques 
étaient relativement constants mais pas identiques d'une version à l'autre. Alors que la 
corrélation entre les mesures de l'effet DIF étaient aussi forte, elle était loin d'être parfaite, ce 
qui suggère que l'on devrait avoir recours à deux procédures dans le dépistage du DIF en 
traduction. Pour identifier les items DIF présentant des différences en traduction, trois 
réviseurs ont comparé les items français retraduits en anglais avec les originaux en anglais. 
Ceux-ci ont jugé que deux sur sept items en mathématiques et six sur vingt-six items en 
études sociales n'étaient pas équivalents d'une langue à l'autre à cause des différences 
introduites par le processus de traduction. Les autres items ne présentaient pas de différences 
apparentes de traduction, ce qui révèle le besoin de poursuivre la recherche sur les sources du 
DIF en traduction. Les résultats de cette étude aideront les chercheurs et les praticiens à 
mieux comprendre les similarités et les différences entres trois méthodes statistiques DIF 
souvent employées. De plus, ils démontrent comment les méthodes statistiques contribuent 
aux études de signification dont le but est l'identification des items présentant des différences 
de traduction. 

I tem bias is a ser ious c o n c e r n for test d e v e l o p e r s a n d test users. Bias results i n 
systemat ic errors that d is tor t the inferences m a d e f r o m a test for m e m b e r s of a 
p a r t i c u l a r g r o u p s u c h as female , N a t i v e , o r F r e n c h - s p e a k i n g examinees . Bias 
occurs w h e n i tems are w o r d e d i n s u c h a w a y that examinees f r o m a speci f ic 
g r o u p w h o are k n o w l e d g e a b l e about the construct of interest are p r e v e n t e d 
f r o m d e m o n s t r a t i n g their k n o w l e d g e . In m o s t cases, test i tems are biased 
because they c o n t a i n sources of d i f f i c u l t y that are i r re levant or extraneous to 
the cons t ruc t b e i n g tested, a n d this d i f f i c u l t y factor a d v e r s e l y affects test p e r 
f o r m a n c e ( C a m i l l i & S h e p a r d , 1994). 

B ias is a lso a c o n c e r n w h e n a test is t ranslated or a d a p t e d f r o m one language 
or c u l t u r e to another ( A l l a l o u f & Sirec i , 1998; B u d g e l l , R a j u , & Quar te t t i , 1995; 
H a m b l e t o n , 1994). F o r e x a m p l e , the m e a n i n g of a n i t em can change d u r i n g test 
t r a n s l a t i o n . H a m b l e t o n p r o v i d e s one i l lus t ra t ive e x a m p l e . In a S w e d i s h -
E n g l i s h c o m p a r i s o n , E n g l i s h - s p e a k i n g examinees w e r e presented w i t h this 
i t e m : 

Where is a bird w i t h webbed feet most likely to live? 
a. in the mountains 
b. in the woods 
c. in the sea 
d . in the desert. 

In the S w e d i s h t r a n s l a t i o n the phrase webbed feet became swimming feet, thereby 
p r o v i d i n g a n o b v i o u s c lue to the S w e d i s h - s p e a k i n g examinees about the cor
rect o p t i o n for this i t e m . T h i s type of test ing p r o b l e m has a n i m p o r t a n t a n d 
o b v i o u s consequence : A dif ference i n s tudent p e r f o r m a n c e resu l t ing f r o m s u c h 
a n i t e m m a y be at t r ibuted to a g r o u p dif ference i n achievement that is u n 
f o u n d e d because the i t e m is not e q u i v a l e n t across the t w o language g r o u p s . 

Differential Item Functioning, Item Bias, and Item Impact 
Differential item functioning (DIF) is present w h e n examinees f r o m di f ferent 
g r o u p s h a v e a d i f ferent p r o b a b i l i t y or l i k e l i h o o d of a n s w e r i n g a n i t em correct
l y , after c o n t r o l l i n g for o v e r a l l a b i l i t y (Shepard , C a m i l l i , & A v e r i l l , 1981). O n c e 
i d e n t i f i e d , D I F m a y be at t r ibuted to i t e m bias o r to i t e m impac t . Item bias is 
d e f i n e d as i n v a l i d i t y or systemat ic error i n h o w a test i t em measures a construct 
for the m e m b e r s of a p a r t i c u l a r g r o u p ( C a m i l l i & S h e p a r d , 1994). It is sys -
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tematic because i t constant ly dis tor ts p e r f o r m a n c e for m e m b e r s of the g r o u p . 
W h e n a test i t e m u n f a i r l y favors one g r o u p of examinees over another , the i t e m 
is b i a s e d . A l t e r n a t i v e l y , g r o u p d i s p a r i t y i n i t e m p e r f o r m a n c e that reflects ac tual 
k n o w l e d g e a n d experience differences o n the construct of interest is ca l l ed item 
impact. I m p a c t is a lso constant for the m e m b e r s of a p a r t i c u l a r g r o u p , b u t these 
effects reflect p e r f o r m a n c e differences that the test is i n t e n d e d to measure 
( C l a u s e r & M a z o r , 1998). 

T h e l i n k b e t w e e n D I F , bias , a n d i m p a c t is l a rge ly m e t h o d o l o g i c a l : Stat ist ical 
analyses are u s e d to i d e n t i f y i tems w i t h D I F , a n d j u d g m e n t a l analyses are u s e d 
to d e t e r m i n e if D I F is at tr ibutable to bias o r to i m p a c t for m e m b e r s of a speci f ic 
g r o u p . R e v i e w s i n t e n d e d to evaluate the fairness of a n i t e m cannot proceed as 
ei ther a stat ist ical or a j u d g m e n t a l analys is ; b o t h procedures are n e e d e d ( L i n n , 
1993; v a n de V i j v e r , 1994). 

Purpose of Study 
Stat ist ical a n d substant ive issues i n test t rans la t ion are addressed i n this s t u d y . 
F i rs t , the results f r o m three statist ical m e t h o d s d e s i g n e d to i d e n t i f y D I F are 
c o m p a r e d : M a n t e l - H a e n s z e l , S i m u l t a n e o u s I tem Bias Test, a n d logist ic regres
s i o n . C u r r e n t l y a l l three m e t h o d s are p o p u l a r , b u t f e w studies h a v e c o m p a r e d 
the o u t c o m e s f r o m these p r o c e d u r e s u s i n g a large s a m p l e of s tudent response 
data f r o m a major test ing p r o g r a m . In this s t u d y , E n g l i s h - a n d F r e n c h - s p e a k i n g 
examinees w h o w r o t e a grade 6 mathemat ics a n d soc ia l s tudies ach ievement 
test are c o m p a r e d . A n e w D I F effect s ize measure u s e d w i t h the logist ic regres
s i o n p r o c e d u r e , as p r o p o s e d b y Z u m b o a n d T h o m a s (1996), is also e v a l u a t e d b y 
c o m p a r i n g the results f r o m this measure against ex i s t ing effect s ize measures 
u s e d w i t h the M a n t e l - H a e n s z e l p r o c e d u r e a n d the S i m u l t a n e o u s I tem Bias 
Test. 

S e c o n d , the u t i l i t y of back- t rans la t ion as a j u d g m e n t a l m e t h o d for interpret 
i n g D I F is e v a l u a t e d . R e c a l l that the d i s t i n c t i o n b e t w e e n D I F , i t em bias , a n d 
i t e m i m p a c t is i m p o r t a n t because D I F is a statistical concept a n d bias a n d 
i m p a c t are substant ive concepts . J u d g m e n t a l r e v i e w s i n t e n d e d to evaluate the 
e q u i v a l e n c e of a test s h o u l d re ly o n b o t h statist ical a n d j u d g m e n t a l analyses. In 
this s t u d y , b a c k - t r a n s l a t i o n is u s e d to i d e n t i f y i tems that d i f fe r i n m e a n i n g 
b e t w e e n the E n g l i s h a n d F r e n c h forms of the tests. There is n o at tempt to 
account for i t e m i m p a c t . J u d g m e n t a l r e v i e w s that y i e l d interpretable results are 
essential for i d e n t i f y i n g i tems w i t h t rans la t ion differences a n d for c o n t r o l l i n g 
this p r o b l e m i n future f o r m s of the test. T h e efficacy of back- t rans la t ion for 
a c h i e v i n g this o u t c o m e is e v a l u a t e d b y c o m p a r i n g the results f r o m t w o back-
trans lat ions of the same test against the o r i g i n a l test a n d against the statist ical 
outcomes . 

Overview of Statistical and Judgmental Procedures 
Stat ist ical a n d j u d g m e n t a l p r o c e d u r e s are u s e d to establ ish the equiva lence 
b e t w e e n source (i.e., o r ig ina l ) a n d target (i.e., translated) language tests. In the 
first sect ion, the three p o p u l a r statistical p r o c e d u r e s are b r i e f l y r e v i e w e d a n d 
c o m p a r e d . In the second sect ion, the back- t rans la t ion p r o c e d u r e is r e v i e w e d 
a n d a m o d i f i e d d e s i g n is presented. 
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Mantel-Haenszel 
M a n t e l - H a e n s z e l ( M H ) is a n o n p a r a m e t r i c a p p r o a c h for i d e n t i f y i n g D I F ( H o l 
l a n d & T h a y e r , 1988; M a n t e l & H a e n s z e l , 1959). M H y i e l d s a chi -square test 
w i t h one degree of f r e e d o m to test the n u l l h y p o t h e s i s that there is n o re la t ion 
b e t w e e n g r o u p m e m b e r s h i p a n d test per formance o n one i t em after c o n t r o l l i n g 
for a b i l i t y . T h e M H p r o c e d u r e is also u s e d to est imate the constant o d d s rat io 
that y i e l d s a m e a s u r e of effect s ize for e v a l u a t i n g the a m o u n t of D I F . M H is 
c o m p u t e d b y m a t c h i n g examinees i n each g r o u p o n total test score a n d then 
f o r m i n g a 2 - b y - 2 - b y - K c o n t i n g e n c y table for each i t e m , w h e r e the score is l eve l 
o n the m a t c h i n g var iab le of total test score. 

Research at the E d u c a t i o n a l T e s t i n g Service has resul ted i n p r o p o s e d va lues 
for c l a s s i f y i n g the D I F effect s ize measure at the i t e m leve l . D I F is c o n s i d e r e d 
n e g l i g i b l e w h e n the effect s ize measure A M H is not s i g n i f i c a n t l y di f ferent f r o m 0 
a n d the m a g n i t u d e of the I A M H I <1. D I F is c o n s i d e r e d modera te w h e n A M H is 
s i g n i f i c a n t l y d i f fe rent f r o m 0 a n d 1< I A M H I <1.5. D I F is c o n s i d e r e d large w h e n 
A M H is s i g n i f i c a n t l y greater than 0 a n d I A M H I SI .5 . ( Z i e k y , 1993; Z w i c k & 
E r c i k a n , 1989). These rat ings are referred to as A - , B- , a n d C - l e v e l D I F to denote 
n e g l i g i b l e , m o d e r a t e , a n d large a m o u n t s of D I F . 

Simultaneous Item Bias Test 
T h e S i m u l t a n e o u s I tem Bias Test (SIBTEST) is a n al ternat ive statistical m e t h o d 
for d e t e c t i n g D I F p r o p o s e d b y Shealy a n d Stout (1993). S I B T E S T is i n t e n d e d to 
m o d e l m u l t i d i m e n s i o n a l data , a l t h o u g h it can be u s e d for u n i d i m e n s i o n a l data 
as w e l l . T h e statist ical h y p o t h e s i s tested b y S I B T E S T is: 

HO:B(T) = PR(T)-PF(T) = 0 

vs . 
HX:B(T) = PR(T)-PF(T)*0, 

w h e r e B(T) is the di f ference i n p r o b a b i l i t y of a correct response o n the s t u d i e d 
i t e m for examinees i n the Reference a n d Foca l g r o u p s m a t c h e d o n true score; 
PR(T) is the p r o b a b i l i t y of a correct response o n the s t u d i e d i t em for examinees 
i n the Reference g r o u p w i t h true score T; a n d Pp(T) is the p r o b a b i l i t y of a 
correct response o n the s t u d i e d i t e m for examinees i n the F o c a l g r o u p w i t h true 
score T. I n other w o r d s B(T), the parameter represent ing the a m o u n t of 
u n i d i m e n s i o n a l D I F w h e n a s ingle test i t e m is e v a l u a t e d , is 0 w h e n there is n o 
D I F a n d n o n z e r o w h e n D I F is present. W i t h the S I B T E S T a p p r o a c h , i tems o n 
the test are d i v i d e d in to t w o subsets, the suspect subtest a n d the m a t c h i n g 
subtest . T h e suspect subtest contains the b iased i t e m , a n d the m a t c h i n g subtest 
conta ins the rest of the i tems. F o r each m a t c h i n g subtest score k, the 
c o r r e s p o n d i n g subtest t rue score for the Reference a n d Foca l g r o u p s , is es
t i m a t e d u s i n g l inear regress ion. T h e es t imated true scores are then adjusted 
u s i n g a regress ion correc t ion technique to ensure that the est imated true score 
is c o m p a r a b l e for the examinees i n the Reference a n d F o c a l g r o u p s o n the 
m a t c h i n g subtest. In the f i n a l step, B(T) is es t imated u s i n g è, w h i c h is the 
w e i g h t e d s u m of the dif ferences b e t w e e n the p r o p o r t i o n - c o r r e c t true scores o n 
the s t u d i e d i t e m for examinees i n the t w o g r o u p s across a l l score levels . 

L i k e the M H p r o c e d u r e , S I B T E S T y i e l d s a n o v e r a l l statist ical test as w e l l as 
a m e a s u r e of the effect s ize for each i t e m ( ê is a n est imate of the a m o u n t of D I F ) . 
R o u s s o s a n d Stout (1996) suggested a range of v a l u e s for in te rpre t ing ê . W h e n 
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the n u l l h y p o t h e s i s is rejected a n d I ê I <0.059, D I F is c o n s i d e r e d n e g l i g i b l e ; 
w h e n the n u l l h y p o t h e s i s is rejected a n d 0.059< I ê I <0.088, D I F is c o n s i d e r e d 
m o d e r a t e ; a n d w h e n the n u l l h y p o t h e s i s is rejected a n d I ê I >0.088, D I F is 
c o n s i d e r e d large. These g u i d e l i n e s are u s e d to c lass i fy i tems i n category A , B , or 
C (i.e., n e g l i g i b l e , modera te , a n d large a m o u n t s of D I F ) . 

S I B T E S T di f fers f r o m M H i n a n u m b e r of w a y s . First , S I B T E S T uses a 
regress ion est imate of the true score ins tead of a n o b s e r v e d score as the m a t c h 
i n g v a r i a b l e . A s a resul t , examinees are m a t c h e d o n a latent rather t h a n a n 
o b s e r v e d score. Second, S I B T E S T c a n be u s e d to evaluate D I F i n t w o or m o r e 
i tems s i m u l t a n e o u s l y i n the analys is . T h i s feature a l l o w s the d e v e l o p e r to 
assess D I F m o r e ef fect ively i n testlets or i t e m b u n d l e s o n a n test (Douglas , 
R o u s s o s , & Stout , 1996). T h i r d , S I B T E S T c a n be u s e d to assess D I F i tera t ive ly b y 
i n i t i a l l y u s i n g a l l i tems i n the m a t c h i n g var iab le a n d then sys temat ica l ly 
r e m o v i n g D I F i tems f r o m the m a t c h i n g test u n t i l a subtest of i tems w i t h o u t D I F 
is i d e n t i f i e d . S I B T E S T p e r f o r m s s i m i l a r l y to M H i n i d e n t i f y i n g u n i f o r m D I F 
e v e n w i t h s m a l l samples of examinees ( N a r a y a n a n & S w a m i n a t h a n , 1994; 
R o u s s o s & Stout , 1996). 

JjOgistic Regression 
A t h i r d a p p r o a c h c o m m o n l y u s e d to i d e n t i f y D I F is logist ic regression (LR) 
( S w a m i n a t h a n & Rogers , 1990). L R c a n detect b o t h uniform a n d nonuniform D I F , 
w h i c h p r o v i d e s a d is t inc t advantage o v e r M H a n d S I B T E S T as these t w o 
p r o c e d u r e s w e r e d e s i g n e d to detect o n l y 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 there is n o interac t ion b e t w e e n a b i l i t y l e v e l a n d g r o u p m e m b e r s h i p . That 
is , the p r o b a b i l i t y of a n s w e r i n g a n i t e m correct ly is greater for one g r o u p 
u n i f o r m l y o v e r a l l a b i l i t y levels . In i t e m response theory t e r m i n o l o g y , u n i f o r m 
D I F is i n d i c a t e d b y p a r a l l e l i t e m characterist ic curves . N o n u n i f o r m D I F occurs 
w h e n there is a n interac t ion be tween a b i l i t y l eve l a n d g r o u p m e m b e r s h i p . In 
this case the dif ference i n the probabi l i t i es of a correct response for the t w o 
g r o u p s is n o t the same at a l l levels of a b i l i t y . S i m u l a t i o n studies h a v e been 
c o n d u c t e d to demonstra te that L R is i n fact m o r e p o w e r f u l t h a n M H a n d 
S I B T E S T at detec t ing n o n u n i f o r m D I F ( N a r a y a n a n & S w a m i n a t h a n , 1996; 
Rogers & S w a m i n a t h a n , 1993). 

T h e presence of D I F i n the L R a p p r o a c h is d e t e r m i n e d b y testing the i m 
p r o v e m e n t i n m o d e l fit that occurs w h e n a term for g r o u p m e m b e r s h i p a n d a 
t e r m for the in terac t ion b e t w e e n test score a n d g r o u p m e m b e r s h i p are succes
s i v e l y a d d e d to the regress ion m o d e l . A chi -square test is then used to evaluate 
the presence of u n i f o r m a n d n o n u n i f o r m D I F o n the i t em of interest b y test ing 
each t e r m i n c l u d e d i n the m o d e l . T h e genera l m o d e l for logist ic regress ion 
takes the f o r m 

P(M=1) = 

w h e r e u is the score o n the s t u d i e d i t e m . P e r f o r m a n c e o n the s t u d i e d i t em is 
first c o n d i t i o n e d o n total test score. I n this step, z = ßo + ß i X , w h e r e X is the test 
score ( M o d e l 1). T h i s serves as the basel ine m o d e l . The presence of u n i f o r m D I F 
is then tested b y e x a m i n i n g the i m p r o v e m e n t i n chi -square m o d e l fit associated 
w i t h a d d i n g a t e r m for g r o u p m e m b e r s h i p (G) against the basel ine m o d e l , that 
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is , M o d e l 1 subtrac ted f r o m M o d e l 2 (2 = ßo + ß i X + $iG). The presence of 
n o n u n i f o r m D I F is tested b y e x a m i n i n g the i m p r o v e m e n t i n chi -square m o d e l 
fit associated w i t h a d d i n g a term for g r o u p m e m b e r s h i p (G) and a te rm for the 
in terac t ion b e t w e e n test score a n d g r o u p m e m b e r s h i p ( X G ) against M o d e l 2, i n 
other w o r d s , M o d e l 2 subtracted f r o m M o d e l 3 (z = ßo + ß i X + ß2G + ß3XG). 
N o n u n i f o r m D I F can be tested w i t h L R regardless of the outcome f r o m the 
u n i f o r m D I F test because each m o d e l contains di f ferent terms. 

Z u m b o a n d T h o m a s (1996) d e v e l o p e d a n i n d e x to q u a n t i f y the m a g n i t u d e 
of D I F for the L R p r o c e d u r e based o n p a r t i t i o n i n g a w e i g h t e d least-squares 
est imate of R 2 that y i e l d s a n effect s ize measure (also see P o p e , 1997; T h o m a s & 
Z u m b o , 1996; Z u m b o , 1999). T h i s i n d e x is obta ined first b y c o m p u t i n g the R2 

m e a s u r e of f i t for each t e r m i n the L R m o d e l (i.e., test score, g r o u p m e m b e r s h i p , 
test s c o r e - b y - g r o u p m e m b e r s h i p interact ion) a n d then b y p a r t i t i o n i n g the R2 

for each of the terms. A D I F effect s ize for the g r o u p m e m b e r s h i p t e r m is 
p r o d u c e d b y s u b t r a c t i n g the R2 for the total test score t e r m ( M o d e l 1) f r o m the 
R2 for the g r o u p m e m b e r s h i p t e r m ( M o d e l 2). T h e result is a n effect s ize 
m e a s u r e associated w i t h g r o u p m e m b e r s h i p that quant i f ies the m a g n i t u d e of 
u n i f o r m D I F (herein c a l l e d R2A-U). A second D I F effect s ize is p r o d u c e d for the 
tota l s c o r e - b y - g r o u p m e m b e r s h i p t e r m b y subt rac t ing the R2 for the g r o u p 
m e m b e r s h i p t e r m ( M o d e l 2) f r o m the R 2 for the total s core -by-group m e m b e r 
s h i p in terac t ion t e r m ( M o d e l 3). The result is a n effect s ize measure associated 
w i t h the tota l s c o r e - b y - g r o u p m e m b e r s h i p in terac t ion that quant i f ies the m a g 
n i t u d e of n o n u n i f o r m D I F (herein ca l led R 2 A - N). As w i t h the M H a n d SIB
T E S T effect s ize measures , R 2 A c a n be u s e d w i t h the L R s ignif icance test to 
i d e n t i f y i tems w i t h D I F . T o date, h o w e v e r , R 2 A has been u s e d s p a r i n g l y w i t h 
L R i n D I F research. 

J o d o i n (1999) p r o p o s e d g u i d e l i n e s for i n t e r p r e t i n g R 2 A (also see G i e r l & 
M c E w e n , 1998). A n i t e m has n e g l i g i b l e or A - l e v e l D I F w h e n the chi -square test 
for m o d e l f i t is not s tat is t ical ly s igni f i cant or w h e n R 2 A<0.035. A n i t em has 
m o d e r a t e or B - l e v e l D I F w h e n the chi -square test is stat ist ical ly s igni f i cant a n d 
w h e n 0.035 <R 2A<0.070. A n i t e m has large or C - l e v e l D I F w h e n the chi -square 
test is s tat is t ica l ly s igni f i cant a n d w h e n R 2A>0.070. These g u i d e l i n e s are a p 
p l i c a b l e to b o t h u n i f o r m a n d n o n u n i f o r m D I F a n d were used to c lass i fy D I F 
i tems i n this s t u d y . 

Back-Translation 
B a c k - t r a n s l a t i o n is a p o p u l a r a n d w e l l - k n o w n j u d g m e n t a l m e t h o d for eva luat 
i n g the e q u i v a l e n c e of t w o language forms (van de V i j v e r & L e u n g , 1997). In the 
basic d e s i g n , the source language test is first t ranslated in to the target language , 
then back- t rans la ted in to the source language b y a di f ferent translator. The 
e q u i v a l e n c e of the o r i g i n a l source a n d target l anguage forms is assessed b y a 
r e v i e w e r or c o m m i t t e e of r e v i e w e r s w h o c o m p a r e the o r i g i n a l a n d back-trans
lated source l a n g u a g e forms for c o m p a r a b i l i t y i n m e a n i n g (Br i s l in , 1970,1986; 
H a m b l e t o n & B o l l w a r k , 1991; W e r n e r & C a m p b e l l , 1970). 

T h e b a c k - t r a n s l a t i o n d e s i g n has some notable advantages . F o r e x a m p l e , it 
enables the researcher w h o is not f luent i n the target language to evaluate the 
q u a l i t y of the test t rans la t ion b y c o m p a r i n g the o r i g i n a l a n d back-translated 
source l a n g u a g e f o r m s . Researchers also agree that this m e t h o d serves as a 
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genera l check o n t rans la t ion q u a l i t y a n d that it can detect t rans la t ion d i f f e r e n 
ces (E l l i s , 1989; H a m b l e t o n , 1993; H u l i n , D r a s g o w , & K o m o c a r , 1982; v a n de 
V i j v e r & L e u n g , 1997). T h e b a c k - t r a n s l a t i o n d e s i g n also has d isadvantages . F o r 
e x a m p l e , the e v a l u a t i o n of test equiva lence is c o n d u c t e d o n l y i n one language , 
a n d there is n o assurance that the f i n d i n g s i n the source language general ize to 
the target l a n g u a g e becaus*e the source-to-target language t rans la t ion is n o t 
d i r e c t l y assessed. T h i s p r o b l e m stems f r o m the a s s u m p t i o n that errors m a d e 
d u r i n g the o r i g i n a l t rans la t ion w i l l n o t be m a d e d u r i n g the back- t rans la t ion . 
H o w e v e r , this a s s u m p t i o n m a y not h o l d i n pract ice w h e n , for instance, s k i l l e d 
translators m a k e ad justments i n the t rans la t ion to ensure the i tems are 
e q u i v a l e n t e v e n w h e n the o r i g i n a l source to target language i tems are d i f ferent 
( B r i s l i n , 1970; H a m b l e t o n & B o l l w a r k , 1991; H a m b l e t o n & Kanjee , 1995). T h i s 
o u t c o m e m a y a lso o c c u r if the back- trans la tor i m p r o v e s the q u a l i t y of the test 
i n s i tuat ions w h e r e the o r i g i n a l t rans la t ion is p o o r ( H a m b l e t o n , 1993). F i n a l l y , 
v a n d e V i j v e r a n d L e u n g (1997) c o n t e n d that the basic back- t rans la t ion d e s i g n 
m a y resul t i n a l i t e ra l t rans la t ion at the expense of connotat ions , naturalness , 
a n d c o m p r e h e n s i b i l i t y across languages , espec ia l ly w h e n translators k n o w 
their w o r k w i l l be e v a l u a t e d w i t h back- t rans la t ion . 

M o d i f i e d b a c k - t r a n s l a t i o n des igns h a v e b e e n p r o p o s e d to o v e r c o m e s o m e 
of the l i m i t a t i o n s i n the basic d e s i g n (Bracken & B a r o n a , 1991; B r i s l i n , 1986; 
H a m b l e t o n , 1993). I n this s t u d y , another m o d i f i c a t i o n to the t r a d i t i o n a l back-
t r a n s l a t i o n d e s i g n is presented a n d u s e d . T h e p r o p o s e d d e s i g n is a n at tempt to 
o v e r c o m e the l i m i t a t i o n s i n the basic d e s i g n as o u t l i n e d above. T h e m o d i f i e d 
d e s i g n is presented i n F i g u r e 1. 

I n the m o d i f i e d d e s i g n , the source language test is translated in to the target 
l a n g u a g e b y the test d e v e l o p e r . T h e n the target l anguage test is i n d e p e n d e n t l y 
back- t rans la ted i n t o the source language b y t w o translators . Test equiva lence is 
assessed b y c o m p a r i n g the t w o back- t rans la t ions a n d the o r i g i n a l source l a n 
guage test. Di f ferences b e t w e e n the t w o back- trans la t ions a n d the source l a n 
guage h i g h l i g h t p o t e n t i a l t r a n s l a t i o n p r o b l e m s . W i t h t w o back-translators w h o 
w o r k i n d e p e n d e n t l y , i n d i v i d u a l di f ferences b e t w e e n t h e m w i l l reduce the 

Substantive Analysis Using Judgmental Method 
(e.g., Item Review Following Back-Translation) 

Back 
Translation A _ 

Source Language 
Test (S1) 

(e.g., English) 

Original 
Translation 

Target Language 
Test (T1) 

(e.g., French) 

Statistical Analysis Using DIF Method 
(e.g., SIBTEST) 

Back 
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Substantive Analysis Using Judgmental Method 
(e.g.. Item Review Following Back-Translation) 

Source Language 
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(e.g., English) 

Source Language 
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Figure 1. Framework for evaluating measurement equivalence for a test adapted from one 
source language (SI) to one target language {Fl). 
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l i k e l i h o o d that each w i l l m a k e the same adjustments to ensure i t e m 
e q u i v a l e n c e w h e n the o r i g i n a l a n d source language i tems are i n fact di f ferent . 
W i t h t w o back- t rans la tors , it is a lso u n l i k e l y that b o t h w i l l m a k e the same 
changes to i m p r o v e the q u a l i t y of a text i n s i tuat ions w h e r e the o r i g i n a l t rans
l a t i o n is p o o r . Rather , d i f ferent changes w i l l be m a d e r e s u l t i n g i n incons is ten
cies b e t w e e n the t w o f o r m s , thereby h i g h l i g h t i n g p r o b l e m s i n the o r i g i n a l 
t rans la t ion . F i n a l l y , the m o d i f i e d d e s i g n has a check; the researcher can 
eva luate back- t rans la tor consis tency b y c o m p a r i n g their translat ions w i t h each 
other i n a d d i t i o n to c o m p a r i n g their translat ions w i t h the o r i g i n a l source l a n 
guage . 

Method 
Student Sample and Achievement Tests 
D a t a f r o m 4,400 grade 6 s tudents (2,200 E n g l i s h a n d 2,200 F r e n c h Immers ion) 
w h o w r o t e the 1997 a d m i n i s t r a t i o n of a p r o v i n c i a l mathemat ics ach ievement 
test a n d 4400 grade 6 s tudents (2,200 E n g l i s h a n d 2,200 F r e n c h I m m e r s i o n ) w h o 
w r o t e the 1997 a d m i n i s t r a t i o n of a p r o v i n c i a l soc ia l s tudies ach ievement test 
w e r e u s e d . Because C a n a d a has t w o of f i c ia l languages , d i f ferent language 
g r o u p s c a n be i d e n t i f i e d i n m a n y s c h o o l distr ic ts . In this s t u d y the E n g l i s h -
s p e a k i n g examinees represent the d o m i n a n t l anguage g r o u p because m o s t 
s tudents receive i n s t r u c t i o n i n this l anguage at E n g l i s h - s p e a k i n g schools . 
E n g l i s h - s p e a k i n g s tudents are tested i n E n g l i s h . A l t e r n a t i v e l y , the F r e n c h I m 
m e r s i o n s tudents are i n p r o g r a m s w h e r e F r e n c h is the language of i n s t r u c t i o n . 
I m m e r s i o n p r o g r a m s are e m b e d d e d i n E n g l i s h - s p e a k i n g schools . The I m m e r 
s i o n p r o g r a m is d e s i g n e d for s tudents w h o s e f irst language is not F r e n c h but 
w h o w a n t to b e c o m e f u n c t i o n a l l y f luent i n F r e n c h a n d to d e v e l o p a n u n d e r 
s t a n d i n g a n d a p p r e c i a t i o n of F r e n c h cu l ture i n a d d i t i o n to m a s t e r i n g E n g l i s h . 
T h u s F r e n c h I m m e r s i o n s tudents are l i n g u i s t i c a l l y d is t inc t f r o m E n g l i s h - s p e a k 
i n g s tudents . I m m e r s i o n s tudents are tested i n F r e n c h . The f o u r samples w e r e 
r a n d o m l y selected f r o m a database c o n t a i n i n g a p p r o x i m a t e l y 38,000 E n g l i s h -
a n d 3,000 F r e n c h - s p e a k i n g grade 6 s tudents for each test a d m i n i s t r a t i o n . 

T h e m a t h e m a t i c s test c o n t a i n e d 50 m u l t i p l e - c h o i c e i tems, a n d each i t e m h a d 
f o u r o p t i o n s . Test i tems w e r e c lass i f ied in to f ive c u r r i c u l a r content areas a n d 
t w o c o g n i t i v e levels . T h e soc ia l s tudies test c o n t a i n e d 49 m u l t i p l e - c h o i c e i tems 
(the o r i g i n a l test c o n t a i n e d 50 i tems, b u t one i t e m w a s d r o p p e d d u e to a n 
o b v i o u s t r a n s l a t i o n error) , a n d each i t e m h a d f o u r o p t i o n s . Test i tems w e r e 
c lass i f ied i n t o f o u r c u r r i c u l a r content areas a n d t w o cogni t ive levels . F o r b o t h 
tests i tems w e r e based o n concepts , topics , a n d facts f r o m the p r o v i n c e - w i d e 
P r o g r a m of S tudies . T h e test score does not necessar i ly contr ibute to a s tudent ' s 
f i n a l course g r a d e , a l t h o u g h teachers are e n c o u r a g e d to m a r k the tests a n d use 
the results for s t u d e n t g r a d i n g . 

A l l i t ems w e r e d e v e l o p e d i n E n g l i s h b y a c o m m i t t e e of i t e m wr i te rs a n d a 
test d e v e l o p e r a n d then translated i n t o F r e n c h u s i n g a four-s tep process. First , 
the i tems w e r e t ranslated f r o m E n g l i s h to F r e n c h b y one translator d u r i n g i t em 
d e v e l o p m e n t . T h e translator m a d e reference to the P r o g r a m of S tudies a n d 
a p p r o v e d textbooks for grade l e v e l a n d subject speci f ic t e r m i n o l o g y . Second, 
the t rans la ted test w a s v a l i d a t e d b y a c o m m i t t e e c o m p r i s i n g at least one F r e n c h 
I m m e r s i o n teacher a n d one F r a n c o p h o n e teacher a l o n g w i t h a b i l i n g u a l test 
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d e v e l o p e r . I n this step the c o m p a r a b i l i t y of the E n g l i s h a n d F r e n c h vers ions of 
the test w a s assessed b y c o m p a r i n g the t w o forms . T h e v a l i d a t i o n c o m m i t t e e 
a lso re ferred to the P r o g r a m of S tudies a n d to a p p r o p r i a t e textbooks d u r i n g the 
v a l i d a t i o n step. O n c e the c o m m i t t e e h a d r e v i e w e d the test, the translator a n d 
test d e v e l o p e r rece ived c o m m e n t s a n d feedback o n the accuracy a n d a p p r o p r i 
ateness of the translated test. T h i r d , the test deve loper , ac t ing o n the r e c o m 
m e n d a t i o n s of the c o m m i t t e e , d e c i d e d o n the final changes. These changes 
w e r e m a d e b y the translator , a n d the t ranslated test w a s f i n a l i z e d . F o u r t h , b o t h 
the test d e v e l o p e r a n d the test d e v e l o p m e n t s u p e r v i s o r r e v i e w e d a n d f i n a l i z e d 
the t rans la ted test. T h e translator i n this process w a s a f o r m e r teacher w i t h 23 
years exper ience i n E n g l i s h - t o - F r e n c h t rans la t ion . 

Statistical Analysis 
T w o of the three D I F statistics u s e d i n this s t u d y — M a n t e l - H a e n s z e l a n d log i s 
tic regress ion—are based o n the a s s u m p t i o n that the test is u n i d i m e n s i o n a l . T o 
assess this a s s u m p t i o n a c o n f i r m a t o r y factor analys is w a s c o n d u c t e d . T h e 
i n d i c a t o r var iab les i n the c o n f i r m a t o r y factor analys is w e r e created b y s u m 
m i n g the i tems i n each c u r r i c u l a r content area. A one-factor m o d e l w a s f i t ted to 
b o t h the E n g l i s h a n d the F r e n c h data for mathemat ics a n d soc ia l s tudies u s i n g 
L I S R E L 8.14 ( Jöreskog & S ö r b o m , 1996). In a d d i t i o n , a m u l t i p l e - s a m p l e ana lys i s 
w a s c o n d u c t e d to evaluate the factor s tructure , factor l o a d i n g , a n d error i n 
v a r i a n c e across the E n g l i s h a n d F r e n c h samples i n the mathemat ics a n d soc ia l 
s tudies tests ( Jöreskog, 1971). Three nested m o d e l s w e r e sequent ia l ly tested b y 
e q u a t i n g the n u m b e r of factors, factor l o a d i n g s , a n d errors. 

C o n f i r m a t o r y factor ana lyt i c m o d e l s are assessed i n part b y u s i n g goodness -
of- f i t i n d i c e s . M a n y di f ferent fit ind ices are ava i lab le to the researcher, a n d yet 
despi te their a b u n d a n c e f e w agree o n w h i c h i n d e x p r o v i d e s the best a n s w e r to 
the q u e s t i o n of m o d e l fit (Bol len & L o n g , 1993; M c D o n a l d & M a r s h , 1990; 
M u l a i k et a l . , 1989). A s a result , three types of fit indices w e r e u s e d to assess 
each m o d e l . T h e f irst i n d e x is the chi -square statistic. C h i - s q u a r e is u s e d to 
d e t e r m i n e if the restr ict ive h y p o t h e s i s tested c a n be rejected. A m o d e l is c o n 
s i d e r e d to h a v e acceptable fit i f the di f ference b e t w e e n the var iance-covar iance 
m a t r i x generated b y the o r i g i n a l d a t a a n d b y the h y p o t h e s i z e d s o l u t i o n is 
s m a l l , y i e l d i n g a n o n s i g n i f i c a n t ch i - square . T h e chi -square statistic is d e p e n d 
ent o n s a m p l e s ize a n d often results i n a stat is t ical ly s igni f i cant di f ference w h e n 
large s a m p l e s are u s e d , e v e n w h e n fit appears g o o d u s i n g other indices . Be
cause ch i - square is one of the m o s t f requent ly u s e d fit indices i n a s t ruc tura l 
a n a l y s i s , i t w a s i n c l u d e d (El l iot t , 1994; G i e r l & M u l v e n o n , 1995). The second 
i n d e x is the root m e a n square error of a p p r o x i m a t i o n ( R M S E A ) . T h e R M S E A is 
i n t e n d e d to p r o v i d e a measure of p a r s i m o n y b y assessing the d i s c r e p a n c y per 
degree of f r e e d o m i n the m o d e l . In other w o r d s , R M S E A takes in to account the 
n u m b e r of free parameters r e q u i r e d i n o r d e r to achieve a g i v e n l e v e l of fit . 
B r o w n e a n d C u d e k (1993) suggest a R M S E A of 0.05 indicates a close fit of the 
m o d e l i n r e l a t i o n to the degrees of f r e e d o m . T h e y interpret a range of R M S E A 
v a l u e s b y s ta t ing , " w e are also of the o p i n i o n that a v a l u e of 0.08 or less for the 
R M S E A w o u l d ind ica te a reasonable error of a p p r o x i m a t i o n a n d w o u l d not 
w a n t to e m p l o y a m o d e l w i t h a R M S E A greater that 0 .1" (p. 144). T h e t h i r d 
i n d e x is the root m e a n square r e s i d u a l ( R M R ) . R M R is a n average of the 
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absolute r e s i d u a l s b e t w e e n the observed a n d the h y p o t h e s i z e d covariances . A 
s m a l l R M R indicates g o o d fit . 

N e x t , D I F stat ist ical analyses w e r e c o n d u c t e d for each i t e m f r o m the E n g l i s h 
a n d F r e n c h f o r m s i n the mathemat ics a n d soc ia l s tudies ach ievement tests 
u s i n g M H , S I B T E S T , a n d L R . T h e i t e m u n d e r c o n s i d e r a t i o n w a s i n c l u d e d i n 
f o r m i n g the score g r o u p s for M H a n d L R , a n d n o i terat ive p u r i f i c a t i o n w a s 
u s e d i n the D I F analyses . A l l test statistics w e r e interpreted at a n a l p h a - l e v e l of 
0.05. I tems that w e r e flagged b y at least t w o of the statistical procedures w i t h fi
or C - l e v e l w e r e c o n s i d e r e d t rans la t ion D I F i tems. T h i s in terpre ta t ion seems 
jus t i f i ed as B - a n d C - l e v e l i tems are t y p i c a l l y s c r u t i n i z e d for potent ia l bias i n 
test r e v i e w s ( Z i e k y , 1993). 

Judgmental Analysis 
T w o translators i n d e p e n d e n t l y back- translated the ach ievement tests f r o m 
F r e n c h to E n g l i s h . B o t h translators w e r e cert i f icated b y the A s s o c i a t i o n of 
Trans la tors a n d Interpreters of A l b e r t a , w h i c h is a n associat ion af f i l ia ted w i t h 
b o t h the C a n a d i a n Trans la tors a n d Interpreters C o u n c i l ( C T I C ) a n d the Inter
n a t i o n a l F e d e r a t i o n of Trans lators . T o become cert i f icated, translators m u s t 
pass the n a t i o n a l C T I C e x a m ; to r e m a i n they m u s t pass the C I T C e x a m once 
e v e r y three years . B o t h translators h a v e b e e n accredi ted since 1990, a n d b o t h 
h a v e extens ive experience t rans la t ing business , i n d u s t r y , g o v e r n m e n t , a n d 
e d u c a t i o n a l texts f r o m F r e n c h to E n g l i s h . T h e translators w e r e b l i n d to the 
o u t c o m e s f r o m the statist ical analyses , a n d they h a d n o contact w i t h one 
another d u r i n g this s t u d y . 

N e x t three r e v i e w e r s — o u r s e l v e s — i n d e p e n d e n t l y e v a l u a t e d the c o m 
p a r a b i l i t y b e t w e e n the E n g l i s h source language tests a n d the back- translated 
tests. E a c h r e v i e w e r w a s g i v e n the o r i g i n a l E n g l i s h f o r m , the F r e n c h translated 
f o r m , a n d the t w o back- t rans la ted f o r m s . T h e r e v i e w e r s w e r e e x p l i c i t l y asked 
to eva luate the c o m p a r a b i l i t y i n m e a n i n g b e t w e e n the o r i g i n a l E n g l i s h f o r m 
a n d the t w o back- t rans la ted f o r m s u s i n g a three-point r a t i n g scale: 1 = N o 
C h a n g e i n M e a n i n g , 2 - M i n o r C h a n g e i n M e a n i n g , a n d 3 = M a j o r C h a n g e i n 
M e a n i n g . T h e scale w a s u s e d b y the r e v i e w e r s to i d e n t i f y i tems that were 
t ranslated i n c o r r e c t l y . 

R a t i n g s w e r e es tabl i shed w i t h a four-s tep process. F irs t , the three rev iewers 
i n d e p e n d e n t l y rated each i t e m u s i n g the 3 -point scale. A l l r ev iewers w e r e b l i n d 
to the o u t c o m e s f r o m the statist ical analyses at this step. S e c o n d , the three 
r e v i e w e r s m e t to d i s c u s s a n d just i fy their rat ings for each i t e m . In this step the 
r e v i e w e r s c o u l d change their rat ings if they felt a change w a s jus t i f ied based o n 
the d i s c u s s i o n . H o w e v e r , the rev iewers w e r e not r e q u i r e d to change their 
ra t ings . T h i r d , the r e v i e w e r s c o m p a r e d the statist ical outcomes w i t h their 
j u d g m e n t a l ra t ings . T h e statist ical outcomes were e v a l u a t e d because, as 
H a m b l e t o n a n d Kanjee (1995) note , the u l t imate c r i t e r ion of i t e m equiva lence 
m u s t c o m e f r o m a n ana lys i s of the examinees ' responses. T h u s the rev iewers 
c o n s i d e r e d these o u t c o m e s as they e v a l u a t e d the t rans la t ion equiva lence of 
each i t e m . A g a i n , changes w e r e p e r m i t t e d b u t not r e q u i r e d . F o u r t h , the three 
ad jus ted ra t ings w e r e c o m p a r e d a n d a f i n a l r a t i n g w a s p r o d u c e d . T h e rules for 
c rea t ing the f i n a l r a t i n g w e r e as f o l l o w s : If at least t w o of the three rat ings were 
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a 1, then the i t e m w a s d e e m e d e q u i v a l e n t ; if at least t w o of the three rat ings 
w e r e ei ther a 2 a n d / o r 3, t h e n the i t e m w a s d e e m e d not equiva lent . 

Results 
Psychometric Characteristics of the Test Forms and Items 
A s u m m a r y of the o b s e r v e d p s y c h o m e t r i c characterist ics o n the mathemat ics 
a n d soc ia l s tudies tests for the E n g l i s h - a n d F r e n c h - s p e a k i n g examinees is 
presented i n Tab le 1. T y p i c a l l y , the dif ferences r e p o r t e d i n Table 1 are tested for 
stat is t ical s ign i f i cance b e t w e e n g r o u p s . H o w e v e r , the large samples u s e d i n this 
s t u d y r e s u l t e d i n m a n y dif ferences that w e r e stat ist ical ly b u t not prac t i ca l ly 
s ign i f i cant . H e n c e statist ical outcomes are not r e p o r t e d . Instead, some general 
t rends are h i g h l i g h t e d . F i rs t , the p s y c h o m e t r i c characteristics of the i tems were 
c o m p a r a b l e b e t w e e n the E n g l i s h - a n d F r e n c h - s p e a k i n g examinees . The 
measures of i n t e r n a l consis tency, 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 quite 
s i m i l a r for b o t h l a n g u a g e g r o u p s i n mathemat i cs a n d soc ia l s tudies . S e c o n d , the 
m e a n for the F r e n c h - s p e a k i n g examinees w a s s o m e w h a t h i g h e r that the m e a n 
for the E n g l i s h - s p e a k i n g examinees i n mathemat ics ; the o r d e r w a s reversed i n 
s o c i a l s tudies . H o w e v e r , for b o t h tests the effect sizes associated w i t h these 
m e a n dif ferences w e r e re la t ive ly s m a l l . T h i r d , the s t a n d a r d d e v i a t i o n s , s k e w -
ness, a n d k u r t o s i s w e r e s i m i l a r b e t w e e n the t w o g r o u p s for each test. F o u r t h , 
the n u m b e r of w o r d s o n the F r e n c h f o r m s w a s not iceably larger t h a n the 
E n g l i s h f o r m s , espec ia l ly i n soc ia l s tudies . 

Factor Structure Within and Across Language Groups 
Resul ts f r o m the c o n f i r m a t o r y factor ana lys i s s u p p o r t e d the u n i d i m e n s i o n a l 
a s s u m p t i o n . T h e one-factor m o d e l p r o v i d e d excel lent f it to the E n g l i s h and 

Table 1 
Psychometric Characteristics for the English and French Forms in 

Mathematics and Social Studies 

Mathematics Social Studies 
Characteristic English French English French 

No. of Examinees 2,200 2,200 2,200 2,200 
No. of Items 50 50 49 49 
No. of Words 2,713 3,066 3,354 4,157 
Mean 35.44 37.12 32.67 31.75 
SD 8.34 7.57 8.29 7.71 
Skewness -.49 -.65 -.44 -.34 
Kurtosis -.47 -.11 -.43 -.49 
Internal Consistency3 .89 .87 .87 .84 
Mean Item Difficulty .71 .74 .67 .65 
SD Item Difficulty .15 .14 .12 .12 
Range Item Difficulty .26-.91 .22-.94 .39-.86 .39-.87 
Mean Item Discrimination15 .48 .45 .43 .38 
SD Item Discrimination .12 .11 .11 .11 
Range Item Discrimination .05-.66 .09-.67 .15-.63 .17-.59 

aCronbach's alpha 
bBlserial correlation 
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Table 2 
Fit Indices for the One-Factor Model Across Content Areas as a Function of 

Language Group 

df RMSEA RMR 
ContentArea English French English French English French English French 

Mathematics 
One-Factor 
Model 16.16" 21.75* 5 5 .032 .039 .034 .040 

Social Studies 
One-Factor 
Model 2.08 1.99 2 2 .004 .000 .024 .025 

'fx 0.01 

F r e n c h d a t a o n b o t h the mathemat ics a n d soc ia l s tudies achievement tests, as 
s h o w n i n T a b l e 2. A l t h o u g h the chi -square v a l u e s w e r e stat ist ical ly s igni f i cant 
for the E n g l i s h a n d F r e n c h s a m p l e o n the mathemat ics test, the R M S E A a n d the 
R M R w e r e s m a l l , i n d i c a t i n g g o o d m o d e l fit. 

Resu l t s f r o m the m u l t i p l e - s a m p l e analys is also suggested that the n u m b e r 
of factors a n d factor l o a d i n g s w e r e i n v a r i a n t across language g r o u p s o n the 
m a t h e m a t i c s a n d soc ia l s tudies tests. The results of the m u l t i p l e - s a m p l e ana ly 
sis are p r o v i d e d i n Table 3. T h e one-factor m o d e l w a s f i t ted separately for the 
E n g l i s h a n d F r e n c h s a m p l e , a n d a chi -square statistic w a s c o m p u t e d to assess 
p a r a m e t e r i n v a r i a n c e across the t w o g r o u p s . Three nested m o d e l s w e r e se
q u e n t i a l l y tested u s i n g this a p p r o a c h b y e q u a t i n g the n u m b e r of factors, factor 
l o a d i n g s , a n d errors . F o r the mathemat ics test, M o d e l s 1 a n d 2 w e r e not statis
t i ca l ly d i f ferent , w h e r e a s M o d e l s 2 a n d 3 w e r e stat is t ical ly dif ferent , i n d i c a t i n g 
that the o b s e r v e d var iables w e r e not e q u a l l y re l iable across the t w o language 
g r o u p s . D e s p i t e this di f ference , the R M S E A a n d R M R for M o d e l s 1, 2, a n d 3 
w e r e s m a l l i n d i c a t i n g s t rong m o d e l fit. A s i m i l a r pat tern of results o c c u r r e d 
w i t h the soc ia l s tudies test data as M o d e l s 1 a n d 2 w e r e not stat ist ical ly d i f 
ferent b u t M o d e l s 2 a n d 3 w e r e dif ferent . A g a i n , h o w e v e r , the R M S E A a n d 
R M R w e r e s m a l l for a l l three m o d e l s , i n d i c a t i n g g o o d m o d e l fit. I n short , w h e n 
w e take i n t o account the sens i t iv i ty of chi -square to s a m p l e size a n d e x a m i n e 
the R M S E A a n d R M R , there is s t rong ev idence to suggest that the n u m b e r of 
factors a n d the factor l o a d i n g s are i n v a r i a n t across the E n g l i s h a n d F r e n c h 
g r o u p s i n m a t h e m a t i c s a n d soc ia l s tudies . 

Comparison of DIF Classification Using Three Statistical Procedures 
I tem c lass i f i ca t ion p r o d u c e d b y the three D I F p r o c e d u r e s — M a n t e l - H a e n s z e l 
( M H ) , S i m u l t a n e o u s I tem Bias Test (SIBTEST) , a n d logist ic regress ion ( L R ) — 
w a s c o m p a r e d across the mathemat ics a n d soc ia l s tudies tests. C l a s s i f i c a t i o n 
cons i s tency across the p r o c e d u r e s is s u m m a r i z e d i n Table 4. In a l l c o m p a r i s o n s 
that f o l l o w , i tems w i t h a B - or C - l e v e l r a t i n g are c o n s i d e r e d D I F i tems, whereas 
those w i t h a n A - l e v e l r a t i n g are not . 

F o r the m a t h e m a t i c s test, M H a n d S I B T E S T each i d e n t i f i e d s ix D I F i tems, 
w h e r e a s L R i d e n t i f i e d 10 i tems w i t h u n i f o r m D I F a n d one i t e m w i t h n o n 
u n i f o r m D I F . F o u r of the s ix i tems i d e n t i f i e d b y M H (items 6 ,8 ,44 , a n d 47) w e r e 
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Table 3 
Tests for Invariant Models Between English and French Examinees 

Content Area X2 df RMSEA RMR 

Mathematics 
• 

Model 1 
Equated Number of Factors 37.91* 10 .036 .040 

Model 2 
Equated Number of Factors 38.59* 14 .028 .042 
Equated Factor Loadings 

Model 3 
Equated Number of Factors 55.14* 19 .029 .051 
Equated Factor Loadings 
Equated Errors 

Social Studies 

Model 1 
Equated Number of Factors 4.07 4 .003 .025 

Model 2 
Equated Number of Factors 15.21 7 .023 .110 
Equated Factor Loadings 

Model 3 
Equated Number of Factors 28.56* 11 .027 .150 
Equated Factor Loadings 
Equated Errors 

Model Comparison X 2 df 

Mathematics 

Model 1 vs. Model 2 .68 4 
Model 2 vs. Model 3 16.55* 5 

Social Studies 

Model 1 vs. Model 2 11.14 3 
Model 2 vs. Model 3 13.35* 4 

*p<.01. 

i d e n t i f i e d b y S I B T E S T . A l l 6 i tems i d e n t i f i e d b y M H (items 6, 8 ,15 , 40 ,44, and 
47) w e r e i d e n t i f i e d b y L R as d i s p l a y i n g u n i f o r m D I F . O f the 6 i tems flagged by 
S I B T E S T , 5 w e r e i d e n t i f i e d b y L R for u n i f o r m D I F (items 6, 8, 41, 44, a n d 47). 
T h e o n l y i t e m w i t h n o n u n i f o r m D I F , i t e m 16, w a s i d e n t i f i e d b y L R . 

F o r the soc ia l s tudies test, m a n y m o r e i tems w e r e f lagged w i t h D I F . M H 
i d e n t i f i e d 19 D I F i tems, S I B T E S T i d e n t i f i e d 27 D I F i tems, a n d L R i d e n t i f i e d 27 
i tems w i t h u n i f o r m D I F a n d 2 i tems w i t h n o n u n i f o r m D I F . A l l 19 i tems iden
t i f i e d b y M H (items 2 , 3 , 5 , 6 , 1 1 , 1 3 , 1 7 , 1 8 , 2 2 , 2 4 , 2 5 , 2 9 , 3 0 , 3 3 , 4 0 , 4 4 , 4 5 , 4 7 , and 
48) w e r e also i d e n t i f i e d b y S I B T E S T a n d L R for u n i f o r m D I F . S I B T E S T flagged 
the same 26 i tems as L R for u n i f o r m D I F (items 2 , 3 , 5 , 6 , 9 , 1 1 , 1 3 , 1 6 , 1 7 , 1 8 , 1 9 , 
2 2 , 2 4 , 2 5 , 2 7 , 2 9 , 3 0 , 3 3 , 3 4 , 3 5 , 3 6 , 4 0 , 4 4 , 4 5 , 4 7 , a n d 48). O n l y 2 i tems, 9 a n d 24, 
w e r e i d e n t i f i e d w i t h n o n u n i f o r m D I F , a n d b o t h w e r e flagged b y S I B T E S T and 
L R . I tem 24 w a s also flagged b y M H . 
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Table 4 
Classification Consistency Across the Three Differential Item Functioning Procedures as a Function of Test 

Mathematics Social Studies 
MH SIBTEST LR-U LR-N MH SIBTEST LR-U LR-N 

MH 6 19 

SIBTEST 4 6 19 27 

LR-U 6 5 10 19 26 27 

LR-N 0 0 1 1 1 2 2 2 

Note. MH is Mantel-Haenszel; SIBTEST is the Simultaneous Item Bias Test; LR-U is logistic regression with uniform DIF, and LR-N is logistic regression with 
nonuniform DIF. The diagonal of each matrix indicates the total number of items flagged using each procedure and the off-diagonal indicates the number of 
matches across procedures. 



Table 5 
Correlation Coefficients Across the Four DIF Effect Size Measures as a Function of Test 

Mathematics Social Studies 

A-MH è F?A-U FFA-N A-MH è hfA-U f?A-N 

A - M H — — 

è -.96 — -.99 — 

P^A - U .91 .92 .93 .95 

P?A-N -.03 • 01 -.00 — .27 29 .25 • 

Note. A - M H is Delta-Mantel-Haenszel; È is the effect size measure in the Simultaneous Item Bias Test; FpA-U is P? change for the Group variable in logistic 
regression associated with uniform DIF; and PpA-N is R2 change for the Total Score-by-Group Membership interaction term In logistic regression associated with 
nonuniform DIF. Both A - M H and è are directional tests. A positive A - M H indicates DIF in favor of the French examinees, whereas the opposite is true for è . 
Because FPA does not provide a directional test of DIF, the absolute value of A - M H and è are used when these effect size measures are correlated with the Ff'A. 



Table 6 
Results of the Mathematics Item Review by Three Raters 

Reviewer Rating 
Item Statistical Flag (Rating) Favors Reviewer 1 Reviewer 2 Reviewer 3 Overall Rating 

6 MH (C), SIBTEST (B), LR (C) English 1 1 1 Equivalent 

8 MH (B), SIBTEST (B), LR (C) English 1 1 1 Equivalent 

15 MH (B), LR (B) French 1 1 1 Equivalent 

40 MH (B), LR (C) English 1 1 1 Equivalent 

41 SIBTEST (B), LR (B) English 2 1 1 Equivalent 

44 MH (C), SIBTEST (C), LR (C) French 3 3 3 Not Equivalent 

47 MH (B), SIBTEST (C), LR (B) French 3 3 3 Not Equivalent 

Note. Ratings range from a score of 1 to 3 where 1 = No Change in Meaning, 2 = Minor Change in Meaning, 3 = Major Change in Meaning. In the overall rating 
column, equivalent means the English and French items are equivalent in meaning, whereas not equivalent means the English and French items are not equivalent 
in meaning. 



Table 7 
Results of the Social Studies Item Review by Three Raters 

Reviewer Rating 
Item Statistical Flag (Rating) Favors Reviewer 1 Reviewer 2 Reviewer 3 Overall Rating 

2 MH (C), SIBTEST (C), LR (C) French 3 3 3 Not Equivalent 

3 MH (B), SIBTEST (C), LR (C) English 1 1 2 Equivalent 

5 MH (C), SIBTEST (C), LR (C) French 1 1 1 Equivalent 

6 MH (C), SIBTEST (C), LR (C) French 1 2 1 Equivalent 

9 SIBTEST (C), LR (B) English 1 1 1 Equivalent 

11 MH (B), SIBTEST (C), LR (C) English 3 Not Equivalent 

13 MH (B), SIBTEST (C), LR (B) French 1 1 1 Equivalent 

16 MH (A), SIBTEST (B), LR (B) French 1 1 1 Equivalent 

17 MH (B), SIBTEST (C), LR (C) English 3 Not Equivalent 

18 MH (B), SIBTEST (C), LR (C) French 1 1 1 Equivalent 

19 SIBTEST (C), LR (C) English 1 1 1 Equivalent 

22 MH (B), SIBTEST (B), LR (B) French 1 2 1 Equivalent 

24 MH (C), SIBTEST (C), LR (C) English 3 1 3 Not Equivalent 8 
a 

25 MH (C), SIBTEST (C), LR (C) French 3 2 2 Not Equivalent a. 
c 

27 SIBTEST (C), LR (B) French 3 2 3 Not Equivalent (¾" 

29 MH (B), SIBTEST (B), LR (B) French 1 1 1 Equivalent ST 

30 MH (C), SIBTEST (C), LR (C) English 3 1 1 Equivalent 
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Table 7 (continued) 

Item Statistical Flag (Rating) Favors 
Reviewer Rating 

Reviewerl Reviewer 2 Reviewer 3 Overall Rating 

33 MH (C), SIBTEST (C), LR (C) English 1 1 1 Equivalent 

34 SIBTEST (B), LR (C) French 1 1 1 Equivalent 

35 SIBTEST (B), LR (B) French 1 1 1 Equivalent 

36 SIBTEST (B), LR (B) English 1 1 1 Equivalent 

40 MH (C), SIBTEST (C), LR (C) English 1 1 1 Equivalent 

44 MH (B), SIBTEST (C), LR (B) French 1 1 1 Equivalent 

45 MH (B), SIBTEST (B), LR (B) English 1 1 1 Equivalent 

47 MH (C), SIBTEST (C), LR (C) English 1 1 1 Equivalent 

48 MH (B), SIBTEST (B), LR (B) English 1 1 1 Equivalent 

Note. Ratings range from a score of 1 to 3 where 1 = No Change in Meaning, 2 = Minor Change in Meaning, 3 = Major Change in Meaning. In the overall rating 
column, equivalent means the English and French items are equivalent in meaning, whereas not equivalent means the English and French items are not equivalent 
in meaning. 
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Relations Among DIF Effect Size Measures 
C l a s s i f i c a t i o n cons is tency can also be e v a l u a t e d b y e x a m i n i n g the corre la t ion 
b e t w e e n the D I F effect s ize measures . A s t rong corre la t ion indicates a close 
r e l a t i o n s h i p b e t w e e n the r a n k i n g s of the i tems. A s s h o w n i n Table 5, effect s ize 
measures w e r e h i g h l y corre lated across D I F procedures except the measure for 
n o n u n i f o r m D I F . F o r the mathemat i cs test the M H effect s ize measure A - M H 
w a s h i g h l y corre la ted w i t h the S I B T E S T effect s ize measure ê at -0.96 a n d w i t h 
the L R effect s ize measures for u n i f o r m D I F , R 2 A - L f , at 0.91. A - M H a n d the 
n o n u n i f o r m D I F measure R2 A-N w e r e correlated at -0.03. ê a n d R 2 A - L i w e r e 
also h i g h l y corre la ted at 0.92, whereas ê a n d R2A-N w e r e corre lated at -0 .01 . 
T h e c o r r e l a t i o n b e t w e e n the R 2 A measures w a s zero . F o r the soc ia l s tudies test 
A - M H w a s h i g h l y corre lated w i t h ê a n d R 2 A - U (-0.99 a n d 0.93 respect ively) , 
b u t n o t w i t h (R2A-N (r-0.27). ê a n d R 2 A - U w e r e h i g h l y correlated at 0.95, 
w h e r e a s ê a n d R2A-N w e r e w e a k l y corre lated at 0.29. T h e R 2 A measures also 
h a d a w e a k c o r r e l a t i o n at 0.25. The corre lat ions b e t w e e n the u n i f o r m effect s ize 
measures a n d R2A-N w e r e larger i n soc ia l s tudies t h a n i n mathemat ics because 
the s o c i a l s tudies test has m o r e t rans la t ion D I F i tems. 

Results from Judgmental Analysis 
Resul ts for the j u d g m e n t a l analys is are r e p o r t e d i n Tables 6 a n d 7 for the 
m a t h e m a t i c s a n d soc ia l s tudies tests respect ive ly . O n l y results for i tems f lagged 
b y at least t w o of the statist ical p r o c e d u r e s w i t h B- or C - l e v e l D I F are presented 
a n d d i s c u s s e d d u e to space l i m i t a t i o n s . C o n s i s t e n c y a m o n g the three rev iewers 
w a s h i g h for i d e n t i f y i n g the n o n e q u i v a l e n t i tems. T w o items o n the m a t h e 
mat ics tests a n d six i tems o n the soc ia l s tudies tests were d e e m e d not 
e q u i v a l e n t b e t w e e n the t w o language f o r m s . O n e mathemat ics i t e m j u d g e d to 
be n o n e q u i v a l e n t i n E n g l i s h a n d F r e n c h is presented i n A p p e n d i x A to i l l u s 
trate t r a n s l a t i o n dif ferences . F o r this i t e m the E n g l i s h f o r m c o n t a i n e d a 12-hour 
c lock w i t h A M a n d P M , whereas the F r e n c h f o r m u s e d a 24-hour c lock. S tu
dents w e r e r e q u i r e d to interpret a n A M to P M t i m e dif ference i n this i t e m , a n d 
this d i f ference w a s m o r e apparent w h e n the 24-hour c lock w a s u s e d . A l s o , 
w h e n the 2 4 - h o u r c lock is u s e d the f irst t w o opt ions o n the F r e n c h f o r m are 
c lear ly incorrect . T h i s i t e m w a s i d e n t i f i e d b o t h stat ist ical ly a n d substant ive ly 
u s i n g b a c k - t r a n s l a t i o n as b e i n g di f ferent b e t w e e n the t w o languages . T h i s i t e m 
also demonstra tes h o w a n i m p o r t a n t c u l t u r a l dif ference c a n inf luence test 
d e v e l o p m e n t because i n E n g l i s h the 12-hour c lock is r o u t i n e l y u s e d , whereas i n 
F r e n c h the 24 -hour c lock is f requent ly u s e d . 

T h e j u d g m e n t a l r e v i e w also h i g h l i g h t s t w o k e y points . First , the n u m b e r s of 
i tems i d e n t i f i e d stat is t ical ly w i t h D I F a n d i d e n t i f i e d substant ive ly as not 
e q u i v a l e n t i n t rans la t ion w e r e not i ceab ly s m a l l e r i n mathemat ics (7 a n d 2 
respect ive ly) c o m p a r e d w i t h soc ia l s tudies (26 a n d 6 respect ively) , i n d i c a t i n g 
that t r a n s l a t i o n dif ferences are m o r e p r o n o u n c e d i n soc ia l s tudies . Second, 
m o s t of the dif ferences b e t w e e n the t w o language forms i n b o t h content areas 
w e r e not a t t r ibuted to t rans la t ion p r o b l e m s because most of the items w i t h 
large stat ist ical D I F f lags—5 of 7 i tems i n mathemat ics a n d 20 of 26 i n socia l 
s t u d i e s — s h o w e d n o apparent t rans la t ion differences. That is , factors a n d 
reasons other t h a n t rans la t ion differences are n e e d e d to account for the statisti
ca l o u t c o m e s w h e n the E n g l i s h a n d F r e n c h examinees are c o m p a r e d . 
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Conclusions and Discussion 
T h e p u r p o s e of this s t u d y w a s to evaluate the equiva lence of t w o translated 
tests u s i n g statist ical a n d j u d g m e n t a l m e t h o d s . P e r f o r m a n c e differences for a 
large r a n d o m s a m p l e of E n g l i s h - a n d F r e n c h - s p e a k i n g examinees w e r e c o m 
p a r e d o n a m a t h e m a t i c s a n d social s tudies ach ievement test. Items d i s p l a y i n g 
D I F w e r e flagged u s i n g three di f ferent statistical m e t h o d s — M a n t e l - H a e n s z e l , 
S i m u l t a n e o u s Item Bias Test, a n d logist ic r e g r e s s i o n — a n d the substant ive 
m e a n i n g of these flags w a s s t u d i e d b y c o m p a r i n g the back-translated f o r m 
w i t h the o r i g i n a l E n g l i s h - v e r s i o n a n d w i t h the statist ical outcomes for each 
i t em o n b o t h tests. 

Statistical Outcomes 
T w o m a i n statist ical f i n d i n g s w e r e f o u n d . F irs t , the c lass i f icat ion results across 
p r o c e d u r e s w e r e re la t ive ly consistent , but not identical. The corre la t ion b e t w e e n 
the effect s ize measures for u n i f o r m D I F were also s t rong , but not perfect. These 
results indica te that the three procedures p r o d u c e re la t ive ly consistent i t e m 
c lass i f i ca t ion a n d effect s ize r a n k i n g s , but some discrepancies w e r e present. 
O n e e x p l a n a t i o n for these discrepancies m a y be f o u n d w i t h the cut -points (i.e., 
A - , B- , a n d C- leve l s ) u s e d to i d e n t i f y D I F i tems. A r e these cut -points c o m 
parable across procedures? O u r results suggest that the M H cut -points are 
m o r e c o n s e r v a t i v e than ei ther the S I B T E S T or L R cut -points . In a n at tempt to 
es tabl i sh a consistent a n d defensible pat tern of D I F i t e m c lass i f icat ion, re
searchers m a y choose to use at least t w o procedures w h e n screening i tems for 
t rans la t ion D I F . Researchers a n d pract i t ioners s h o u l d also expect to i d e n t i f y 
fewer D I F i tems w i t h M H c o m p a r e d w i t h S I B T E S T or L R . 

S e c o n d , the L R effect s ize R 2 A - Ü w a s h i g h l y corre lated w i t h the effect s ize 
measures for M H a n d S I B T E S T . C o r r e l a t i o n s b e t w e e n the n o n u n i f o r m L R effect 
s ize m e a s u r e R2A-N w i t h M H a n d S I B T E S T w e r e n e g l i g i b l e because the later 
measures w e r e not d e s i g n e d to f lag n o n u n i f o r m D I F . T h u s R 2 A appears to be a 
re l iable m e a s u r e that p r o v i d e s u s e f u l i n f o r m a t i o n w h e n used w i t h the L R 
statist ical a n a l y s i s for q u a n t i f y i n g the m a g n i t u d e of u n i f o r m a n d n o n u n i f o r m 
D I F . N e w g u i d e l i n e s for i n t e r p r e t i n g the L R a n d R 2 A results for c l a s s i f y i n g 
i tems w i t h D I F w e r e p r o p o s e d b y J o d o i n (1999), but m u c h m o r e research w i t h 
L R a n d R 2 A is n e e d e d to establ ish the v a l i d i t y of this p r o c e d u r e for i d e n t i f y i n g 
D I F . T h e f irst a u t h o r is c u r r e n t l y c o n d u c t i n g s i m u l a t i o n s tudies i n this area. 

Interpretability of DIF 
T h e p s y c h o m e t r i c l i terature contains a n " a r s e n a l " of statistical approaches for 
i d e n t i f y i n g D I F ( A n g o f f , 1993, p . 21). Despi te the presence of these approaches , 
m a n y researchers agree that i tems w i t h D I F are d i f f i c u l t to interpret ( C a m i l l i & 
S h e p a r d , 1994; H a m b l e t o n & Jones, 1994; O ' N e i l l & M c P e e k , 1993; 
S c h e u n e m a n , 1987; v a n de V i j v e r , 1994). C a m i l l i a n d S h e p a r d repor ted that i n 
their exper ience as m a n y as ha l f of the i tems w i t h " l a r g e " D I F statistical va lues 
m i g h t not be interpretable . T h i s f i n d i n g m a y be at tr ibutable to statistical T y p e I 
e r ror or to c o m p l e x sources of i t e m d i f f i c u l t y that cannot be interpreted u s i n g 
j u d g m e n t a l r e v i e w s . In a n at tempt to o v e r c o m e this p r o b l e m , m u l t i p l e stat ist i 
ca l p r o c e d u r e s a n d a m u l t i f a c e t e d j u d g m e n t a l r e v i e w w e r e used i n the present 
s t u d y to i d e n t i f y i tems w i t h t rans la t ion differences. W i t h these procedures , 2 of 
7 a n d 6 of 26 D I F i tems i n mathemat ics a n d soc ia l s tudies respect ively w e r e 
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j u d g e d to be n o n e q u i v a l e n t across l anguage f o r m s d u e to differences in t ro 
d u c e d i n the t rans la t ion process. There w e r e n o apparent t rans la t ion d i f feren
ces for the r e m a i n i n g i tems. 

T r a n s l a t i o n dif ferences w e r e m o r e p r o n o u n c e d i n soc ia l s tudies , a language-
r i c h content area. T h e sheer n u m b e r of w o r d s o n the socia l s tudies test (3,354 
a n d 4,157 o n the E n g l i s h ar id F r e n c h f o r m s respect ively) c o m p a r e d w i t h the 
m a t h e m a t i c s test (2,713 a n d 3,066 o n the E n g l i s h a n d F r e n c h f o r m s respect ive
ly) c o u l d l e a d to m o r e t rans la t ion differences. S tudent per formance c o u l d also 
be affected. F r e n c h - s p e a k i n g examinees i n soc ia l s tudies , for e x a m p l e , w e r e 
r e q u i r e d to r e a d 803 m o r e w o r d s c o m p a r e d w i t h the E n g l i s h - s p e a k i n g ex
aminees , a n increase of a l m o s t 24%, a n d this increased r e a d i n g l o a d c o u l d 
a d v e r s e l y affect test p e r f o r m a n c e . The w o r d c o u n t difference across language 
f o r m s m a y account for some of the d i s c r e p a n c y b e t w e e n the statistical analys is 
a n d the j u d g m e n t a l r e v i e w . 

T h e d i s c r e p a n c y b e t w e e n statist ical a n d j u d g m e n t a l results i n soc ia l s tudies 
m a y a l so be a t t r ibuted to in f la ted T y p e I e r ror r e s u l t i n g f r o m the use of a n 
i n a d e q u a t e c o n d i t i o n i n g var iab le . D I F analyses require a c o n d i t i o n i n g var iab le 
that matches examinees i n b o t h language g r o u p s o n the same construct of 
interest . W h e n the n u m b e r of flagged i tems becomes large, i n d i c a t i n g m a n y 
p o t e n t i a l l y p r o b l e m a t i c i tems, total test score (or a latent v e r s i o n of total test 
score as w i t h the S I B T E S T procedure ) m a y not be a v a l i d c o n d i t i o n i n g var iab le . 
C u r r e n t l y there is n o s o l u t i o n to this p r o b l e m w h e n the n u m b e r of D I F i tems is 
large (Sireci , 1997; S i rec i , X i n g , & F i t z g e r a l d , 1999). A s a first step, care m u s t be 
taken to ensure the t rans la t ion is accurate. Iterative p u r i f i c a t i o n can also be 
u s e d b y r e m o v i n g the D I F i tems f r o m the total test score a n d repeat ing the 
ana lys i s . H o w e v e r , this a p p r o a c h has been s t u d i e d w i t h o n l y a re la t ive ly s m a l l 
n u m b e r of D I F i tems (Clauser , N u n g e s t e r , M a z o r , & R i p k e y , 1996). W h e n a 
large n u m b e r of i tems are flagged o n a u n i d i m e n s i o n a l test as i n soc ia l s tudies , 
it is n o t c lear w h i c h i tems to r e m o v e , as the p u r p o s e of the D I F analys is is to 
i d e n t i f y p r o b l e m a t i c i tems or h o w the construct a n d content representat ion o n 
the test w i l l be affected w h e n a large n u m b e r of D I F i tems are r e m o v e d f r o m 
the c o n d i t i o n i n g var iab le . T h i s p r o b l e m r e m a i n s u n s o l v e d a n d m u s t be a d 
dressed i n f u t u r e research. 

F i n a l l y , researchers m u s t also focus o n psychological factors that p r o d u c e D I F 
b y s t u d y i n g i tems, ac tual s tudent responses, a n d i tem-by-response interact ions 
to i d e n t i f y a n d u n d e r s t a n d the sources of v a r i a b i l i t y that p r o d u c e large D I F 
results w h e n t w o language g r o u p s are c o m p a r e d . There is general acceptance 
i n the p s y c h o m e t r i c c o m m u n i t y that the p s y c h o l o g y of test per formance m u s t 
be u n d e r s t o o d i n o r d e r to construct , score, a n d v a l i d l y interpret results f r o m 
tests ( F r e d e r i k s e n , M i s l e v y , & Bejar, 1993; G i e r l , 1997; M i s l e v y , 1996; N i c h o l s , 
1994; N i c h o l s , C h i p m a n , & B r e n n a n , 1995; S n o w & L o h m a n , 1989). D e s p i t e this 
consensus , l i t t le is k n o w n about the c o g n i t i v e processes ac tual ly u s e d b y ex
aminees as they r e s p o n d to test i tems i n d i f ferent l anguage forms . T o u n d e r 
s t a n d a n d interpret D I F better, it is necessary to s t u d y relat ions a m o n g 
c o g n i t i o n a n d task p e r f o r m a n c e b y e x a m i n i n g students' cognitive processes as 
they r e s p o n d to test i tems i n di f ferent content areas a n d b y creat ing cogni t ive 
m o d e l s that w i l l a l l o w us to c o m p a r e a n d contrast s tudent per formance . T h i s 
research is essent ial because D I F statistics that are uninterpretable d o not 
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p r o v i d e prac t i t ioners w i t h the i n f o r m a t i o n needed to m a k e decis ions about a 
test (e.g., w h i c h D I F i tems to d r o p a n d w h i c h i tems to keep w h e n B- or C - l e v e l 
D I F is f o u n d ) o r about the p s y c h o l o g i c a l factors that p r o d u c e D I F that s h o u l d 
be c o n s i d e r e d w h e n creat ing a test. In short , C a m i l l i a n d S h e p a r d (1994) cor
rect ly state that i t is essential to " w o r r y as m u c h about h o w to interpret D I F as 
h o w to c o m p u t e i t " (p. 153). Researchers s h o u l d address this concern b y s t u d y 
i n g the p s y c h o l o g i c a l factors that p r o d u c e t rans la t ion di f ferent ia l i t e m 
f u n c t i o n i n g . 
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Appendix A 
Items 47 on the English and French form of the Grade 6 Mathematics Achievement 
Test respectively 
47. On the first day of filming, the crew arrived on the set at 5:20 A . M . They left the set at 8:15 

P.M. How long did the crew spend on the set that day? 

A. 3 h 5 min 
B. 5 h 5 min 
C. 13 h 35 min 
D. 14 h 55 min 

47. Le premier jour du tournage, l'équipe arrive au plateau de projection à 5 h 20 du matin. Elle 
quitte le plateau à 20 h 15. Combien de temps l'équipe est-ce que l'équipe passe sur le plateau 
le premier jour? 

A. 3 h 5 min 
B. 5 h 5 min 
C. 13 h 35 min 
D. 14 h 55 min 
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