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55 Detecting differently discriminating 

uniformm DIF items by means of 

thee Mantel-Haenszel procedure 

A b s t r a ct t 

Bothh the Mantel-Haenszel (MH) chi-square test statistic and odds-ratio 

estimatorr are evaluated by means of a simulation study. For the evalua-

tionn of the MH chi-square statistic Type 1 error rates and detection rates 

weree calculated and for the evaluation of the MH odds-ratio estimator 

itss Mean Squared Error (MSE) and bias. The focus was on the detection 

off  uniform DIF, which was simulated by means of the MH population 

odds-ratioo parameter, instead of Raju's Signed Area (SA). The SA was 

shownn to be not directly proportional to the MH odds-ratio parameter 

underr the two-parameter logistic model, and was shown to depend, in 

additionn to the MH odds-ratio parameter, on item discrimination. For 

fixedd values of the population MH odds-ratio parameter, it was examined 

whatt the effect of item discimination was on the Type 1 error rate and 

detectionn rate of the MH chi-square test statistic, and on the MSE and 

biass of the MH odds-ratio estimator. Other factors manipulated were: 

meann latent ability difference, sample size ratio, total sample size, test 

length,, and DIF effect size. In general, the results showed that strongly 

discriminatingg uniform DIF items were less likely to be detected by the 

MHH procedure than weakly discriminating uniform DIF items with the 

samee DIF effect size in terms of the population MH odds-ratio. 

5.11 Introduction 

Ann important topic in the field of educational and psychological measure-

mentt is Differential Item Functioning (DIF). In general, DIF is defined to 
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existt when, in addition to the intended psychological construct, a test item 

alsoo measures a nuisance variable that is associated to a grouping variable 

suchh as ethnicity, age or sex. Under Item Response Theory (IRT) models 

forr dichotomous item scores, DIF implies that the relationship between the 

probabil ityy of a correct or positive item score and the latent trait measured 

byy the item, usually called the Item Response Function (IRF). is not the 

samee in at least two relevant subpopulations. 

Thiss DIF definition of unequal IRFs in two or more groups is general 

inn the sense that it does not incorporate a specific hypothesis about how 

thee IRFs differ from one another. An aid to define specific types of DIF is 

thee between groups latent odds-ratio function. This between groups latent 

odds-ratioo function gives the between groups ratio of the odds of a correct 

(orr positive) item score as a function of the latent trait. One of the specific 

typess of DIF that can be defined by means of the between groups latent 

odds-ratioo function is uniform DIF. Here, following Hanson (1998). uniform 

DI FF is defined to exist when the latent odds-ratio is a constant function of 

thee latent trait and unequal to one. Then, uniform DIF can be expressed 

byy means of a population odds-ratio, which is a scalar or a single parameter 

whichh does not depend on the latent trait. 

Onee of the standard DI F procedures for dichotomous item scores that 

iss especially appropriate for the detection of uniform DIF. is the Mantel-

Haenszell  (MH) procedure (Mantel k Haenszel. 1959: Holland k Thayer. 

1988).. In the MH procedure, the between-groups ratio of the odds of a 

correctt score on the item being studied for DIF conditional on an observed 

matchingg criterion, used as a substitute for the latent trait, is investigated. 

However,, up to now the null hypothesis tested by means of the MH test 

statist icc has only been shown to be equal to the null hypothesis of equal 

IRFss in two groups, when the following conditions hold (Holland k Thayer. 

1988):: (1) the dichotomous data follow the one-parameter logistic model. 

(2)) the observed matching criterion, as a substi tute for the latent trait, 

includess the studied item. (3) all items used in the matching criterion, ex-

ceptt for possibly the studied item, are free of DIF. and (4) the data are 

randomm samples from the two subpopulations being studied. The MH pro-

ceduree has been extensively studied under one or more violations of these 
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conditions,, which are rather restrictive to the empirical data (Donoghue, 

Hollandd & Thayer, 1993; Uttaro & Millsap, 1994; Swaminathan k Rogers, 

1990;; Rogers & Swaminathan, 1993; Clauser, Mazor & Hambleton, 1994; 

Parshalll  & Miller, 1995; Allen & Donoghue, 1996). 

Thee MH procedure has, in addition to the MH chi-square test statistic, 

ann associated DIF effect-size measure. This MH DIF effect-size measure is a 

weightedd sum of the empirical odds-ratios of the studied item across differ-

entt observed matching score levels. Usually, the total sum score including 

thee studied item is selected as the matching score variable. The weighted 

summ of empirical odds-ratios is an estimator of an odds-ratio parameter 

whichh is assumed to be constant at all levels of the observed matching score 

variable.. In a study of Roussos, Schnipke and Pashley (1999), a general 

formulaa for this MH odds-ratio parameter under IRT model assumptions 

wass derived. In this theoretical formula, the MH odds-ratio parameter is 

writtenn as a function of the latent trait. Roussos et al. (1999) argued that 

thee formula can be used regardless of the form of the IRF and that it is 

appropriatee for specific types of DIF, such as uniform DIF and nonuniform 

DIFF (Mellenbergh, 1982; Hanson, 1998). 

Inn most DIF simulation studies in which the detection of uniform DIF by 

meanss of the MH procedure was investigated and the data were generated 

underr a logistic IRT model (Mazor, Clauser & Hambleton, 1992; Uttaro & 

Millsap,, 1994; Narayanan & Swaminathan, 1994), the Signed Area (SA) 

(Raju,, 1988) between the IRFs of two groups was used for the simulation 

andd manipulation of uniform DIF. The focus in these studies was almost 

exclusivelyy on the Type 1 error rate and the detection rate of the MH test 

statisticc under one or more violations of the four conditions necessary for 

thee MH null hypothesis to be equal to the IRT null hypothesis of no DIF. 

Inn general, violations of these conditions lead to an inflation of the Type 1 

errorr rate. The detection rate, however, depends in particular on the way 

uniformm DIF is simulated in addition to item characteristics such as the 

difficultyy and discrimination level. In most simulation studies in which the 

SAA or just a difference in difficulty parameter values was used, the detection 

ratee of a DIF item showed: (1) an increase with an increase of the DIF 

effect-size,, (2) to be higher in case the item had a medium difficulty level, 
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andd (3) an increase with an increase of the item's discrimination level. The 

thirdd result is typical when the discrimination parameter values are allowed 

too vary between items, whereas the first two results also hold for the Rasch 

model. . 

Inn previous simulation studies less attention has been paid to the per-

formancee of the MH odds-ratio estimator. The MH odds-ratio estimator 

cann be evaluated by means of its mean squared error (MSE) and bias. In 

orderr to determine the MSE and the bias of the MH odds-ratio estimator 

underr IRT model assumptions the population value of the odds-ratio must 

bee known and, therefore, it is more convenient and appropriate to use and 

manipulatee the MH odds-ratio parameter derived by Roussos et al. (1999) 

insteadd of the SA. Moreover, in a later section it is shown that the SA for 

aa uniform DIF item is directly proportional to the MH odds-ratio param-

eterr under the one-parameter logistic model, but not directly proportional 

too the MH odds-ratio parameter under the two-parameter logistic model. 

Underr the latter model the SA for a uniform DIF item depends, in addition 

too the MH odds-ratio parameter, on the common discrimination parame-

ter,, which must be the same in both groups under uniform DIF. Hence, 

whenn the purpose is to assess the MSE and the bias of the MH odds-ratio 

estimator,, it is less appropriate to use Raju's SA for simulating uniform 

DIFF under models in which item discrimination is allowed to vary between 

items.. Consequently, because of the intermediating role of item discrimina-

tion,, the question is raised whether strongly discriminating items are still 

moree likely to be detected by the MH procedure than weakly discriminating 

itemss when the general formula of the MH odds-ratio parameter is used for 

thee simulation and manipulation of uniform DIF under such models. 

Inn a simulation study, the general formula of the MH odds-ratio pa-

rameterr was used to simulate uniform DIF and to manipulate the DIF 

effect-sizee using data generated under the two-parameter logistic model. 

Thee performance of the MH common odds-ratio estimator was investigated 

inn estimating the MH odds-ratio parameter expressing the amount of uni-

formm DIF under the two-parameter logistic model. For fixed values of the 

MHH odds-ratio parameter it was examined what the effect of item discrim-

inationn was on the Type 1 error rate of no-DIF items, on the detection rate 
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off  uniform DIF items, and on the estimation of the MH common odds-ratio 

parameterr of both no-DIF and DIF items. 

5.1.11 Th e Man te l -Haenszel p r o c e d u re 

Forr the 'studied item' the MH null hypothesis of no DIF can be expressed 

as s 

HH** ::TT = T' f o r a 1 1^ t5'1) 

wheree ÜJ and bj denote the number-correct and the number-incorrect at 

matchingg score level j in the reference subpopulation, respectively, and Cj 

andd dj denote the number-correct and the number-incorrect at matching 

scoree level j in the focal subpopulation, respectively. Alternatively, the MH 

nulll  hypothesis of no DIF can be expressed as 

H 0 : ^^ = l , for all j . (5.2) 
bbj°j j°j 

Thee MH null hypothesis of no DIF is tested against the alternative hypoth-

esiss Hi of a constant odds-ratio not equal to one, 

HH^  ̂ o2d1=f5MH_éh for all j , (5.3) 
bbjjccj j 

wheree /3MH is called the common MH odds-ratio parameter, which is the 

samee for all j , but not equal to one as in the null hypothesis. 

Iff  in the sample at matching score level  j , Aj denotes the number-correct 

onn the studied item in the reference group, Mi the total number-correct on 

thee studied item, Mo  the total number-incorrect on the studied item, JV .̂ 

thee number of examinees in the reference group and T3 the total number 

off  examinees, then the expected value of the frequency Aj under the null 

hypothesiss in the sample is 

NNRRM M 
E[Aj]E[Aj]  = ^ J. (5.4) 

T T 
113 3 

Iff  in the sample Np. denotes the number of examinees in the focal group 

att matching score level j , then the variance of the frequency Aj under the 
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nulll  hypothesis in the sample is 

NNRR.N.NFF.MI.MQ. .MI.MQ. 

Thee sample expected value and the sample variance of the frequency Aj at 

eachh matching score level j , are used in the MH test statistic 

( lE^-E.E^U-i ) 2 2 

MH" CHISQQ = Ë^y '  (5'6) 

whichh is approximately chi-square distributed with one degree of freedom. 

Inn this statistic a correction for continuity is used to improve the approxi-

mationn of the discrete distribution by the continuous chi-square distribution 

(seee Chapter 4). 

Iff  the samples are random samples from the subpopulations, then the 

samplee frequencies Aj, Bj, Cj and D3 at matching score level j are estimates 

off  the corresponding population frequencies aj, bj, Cj and dj. The sample 

frequenciess are used in calculating the MH common odds-ratio estimator 

00MHMH = =r^b-^ (5-7) 

whichh can be used as a measure for the amount of DIF or, in other words, 

ass a DIF effect-size measure. 

5.1.22 Prev ious simulat ion s tud ies 

Thee MH procedure has been studied extensively (Donoghue, Holland & 

Thayer,, 1993; Uttaro & Millsap, 1994; Swaminathan & Rogers, 1990; 

Rogerss & Swaminathan, 1993; Clauser, Mazor & Hambleton, 1994; Par-

shalll  & Miller, 1995, Allen & Donoghue, 1996). In most studies the di-

chotomouss data were generated under a two- or three-parameter logistic 

modell  (Birnbaum, 1968) and uniform DIF was simulated and manipulated 

usingg Raju's (1988) SA measure, or by means of the difference in difficulty 

parameterr values of the reference and focal groups. 

Forr example, Mazor, Clauser &; Hambleton (1992) investigated the ef-

fectt of sample size on the performance of the MH test statistic. They 
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simulatedd and manipulated uniform DIF by selecting the following diffi -

cultyy parameter differences between reference and focal groups: b  ̂ - b\\ — 

0.25,0.50,1.00,1.50,, where big is the difficulty parameter for the ith item in 

groupp g. They found that poorly discriminating items were least likely to 

bee dectected. 

Otherr examples are two studies of Narayanan & Swaminathan (1994, 

1996).. They investigated the MH procedure in comparison to other pro-

ceduress for detecting DIF. In both studies they included the factor DIF 

effect-size.. To quantify the amount or size of DIF they used Raju's (1988) 

SAA between the reference and focal groups' IRFs. Four levels of DIF effect-

sizee were selected, equal to area values of .4, .6, .8, and 1.0, reflecting 

DIFF effect-sizes ranging from a small amount of DIF (.4) to a fairly large 

amountt of DIF (1.0). In both studies they found that, in general, as item 

discriminationn increased, the power of the DIF procedures increased. 

5.1.33 Uni for m DIF , M H odds-rat io parameter  and Raju ' s 

SA A 

Successively,, in this section the relationships between uniform DIF and 

thee MH odds-ratio parameter, between uniform DIF and Raju's SA, and 

betweenn the MH odds-ratio parameter and Raju's SA will be discussed for 

thee one- and two-parameter logistic models, respectively. 

Unifor mm DI F and the M H odds-ratio parameter 

Inn the framework of IRT, the general definition of DIF for a dichotomously 

scoredd item implies that the IRFs of two groups of examinees are unequal. 

Iff  0 denotes the latent trait, and Pkg(0) denotes the IRF of the studied item 

kk in group g, then the general DIF definition for the dichotomously scored 

itemm k and two groups (g = 1,2) is formally written as 

PPklkl(0)(0) ^ Pk2{P), for at least one 6. (5.8) 

Thiss general DIF definition can also be given in terms of the between-groups 

latentt odds-ratio function, which is 

wjt(0)) = Pkl{0){l~Pkml  1, for at least one 9. (5.9) 
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Here,, the specific type of uniform DIF exists when the latent odds-ratio is 

aa constant function of the latent trait: that is. 

4 MM  = ( i - f t , (» ) )p r f r i "  foral ie- (5-10) 

wheree 6k is a constant unequal to 1 (Hanson. 1998), and is called the uni-

formm DIF odds-ratio parameter. Subst i tut ing Birnbaum's two-parameter 

logisticc model. 

eeaakgkg(9~b(9~bkgkg) ) 

wheree akg is the discrimination parameter and bkg is the difficulty parameter 

forr i tem k in group g. into Equation 5.12. yields the following definition of 

uniformm DIF in terms of the latent odds-ratio function. 

eeaaklkl{6-b{6-bklkl) ) 

^ ' ^^ = ak2(0-bk2)
 = e^ak^ak2)6-akibki+ak2b  ̂ =Sk^h for all 9. (5.12) 

Iff  tuk{0) is a constant for all 9, then its first derivative is equal to zero for 

alll  Q\ that is 

JJkk(0)(0) =  eK i - a f c 2 ) e -Q f c ] 6H + a H6 , 2 (q . 1 _ a / : 2) E 0 ! ( 5 1 3) 

andd this is only true for ak\ = ak2- If both ak\ = ak2 and bki = bk2 hold, 

thenn the IRFs of the two groups are equivalent and no DIF exists: therefore, 

bkibki ¥" bk2 must be true for uniform DIF to exist. From this result it follows 

thatt under the two-parameter logistic model uniform DIF exists for item k 

iff  and only if ak\ = ak2 = Q-k and bk\ ¥" bk2. Substitut ing ak for ak\ and 

aak2k2 i n Equation 5.14 yields 

u}u}kk(0)(0) = ea^b**- b^=ok£\. (5.14) 

Roussoss et al. (1999) derived the following theoretical formula for the MH 

odds-rat ioo parameter of the studied item k, 

""  ~ /^wd-wHjaî  ( 5) 

wheree fg(6) is the probability density function of 0 in group g and 7S is the 

populat ionn proportion of the total number of examinees who are in group 
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g.g. Substituting Equation 5.16 into Equation 5.17, that is, replacing u)k{@) 

byy the constant eak^bk2~bkl\ reduces the MH odds-ratio parameter for a 

uniformm DIF item under the two-parameter logistic model to 

QMHQMH _ eak(bk2-bki) _ (5.16) 

Sincee the one-parameter logistic model is a special case of the two-parameter 

logisticc model with a,i = a, for all i including the studied item k, the MH 

odds-ratioo parameter for a studied uniform DIF item k under the one-

parameterr logistic model is 

pMHpMH = ea(bk2-bkl) _ ( 5 1 7 ) 

Inn the one-parameter logistic model it is common practice to set a — 1, 

whichh yields [3%IH = ebk2~bkl. 

Unifor mm DI F and Raju' s SA 

Rajuu (1988) showed that under the one- and two-parameter logistic model 

forr any type of DIF the SA between the IRFs of two groups is equal to 

SASAkk = bk2-bki, for fefc2 > bfci. (5-18) 

Soo for the one- and two-parameter logistic models the SA of a uniform 

DIFF item is equal to the difference in difficulty parameter values in the two 

groups. . 

Th ee M H odds-ratio parameter  and Raju' s SA 

Substitutingg the SA into the expression for the MH odds-ratio parameter, 

Equationn 5.16, yields 

pMHpMH = eak(SAk)  ̂ ( 5 1 9 ) 

forr a uniform DIF item under the two-parameter logistic model. Setting 

aa = 1 yields 

pMHpMH = eSAk  ̂ ( 5 i 2 0) 

forr a uniform DIF item under the one-parameter logistic model. 
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Itt is clear that for a uniform DIF item under the one-parameter logistic 

modell  with a. = 1. the MH odds-ratio parameter is a strictly increasing 

functionn of the SA. For a uniform DIF item under the two-parameter lo-

gisticc model the MH odds-ratio parameter is a strictly increasing function 

off  the SA given a fixed value of the common discrimination parameter 

(ajtii  = a  ̂ = flfc), and also a strictly increasing function of the common 

discriminationn parameter given a fixed value of the SA. So for a uniform 

DIFF item under the two-parameter logistic model, given a fixed value of 

thee SA, the MH odds-ratio increases with discrimination, as is illustrated 

inn Table 5.1 for a selected number of area and discrimination values. Re-

gardingg previous simulation studies in which the SA was used to simulate 

Tablee 5.1: Signed area, discrimination and MH odds-ratio values 
SASAkk ak 0*"1 =eaklSAk) 

0.3 3 

0.6 6 

0.9 9 

0.5 5 
1.0 0 
1.5 5 
0.5 5 
1.0 0 
1.5 5 
0.5 5 
1.0 0 
1.5 5 

1.162 2 
1.350 0 
1.568 8 
1.350 0 
1.822 2 
2.460 0 
1.568 8 
2.460 0 
3.857 7 

andd manipulate uniform DIF, this positive relationship between item dis-

criminationn and the odds-ratio, conditional on the SA, gives an explanation 

forr the often found result that uniform DIF items with higher discrimina-

tionn parameter values are more likely to be detected by the MH procedure 

thann uniform DIF items with lower discrimination parameter values, but 

withh the same SA values. 

Moreover,, the data in Table 5.1 show that if the SA is used to manip-

ulatee the DIF effect-size for the amount of uniform DIF without taking 

thee discrimination parameter value into account, then the order of DIF 

effect-sizess can be reversed in terms of the MH odds-ratio parameter. For 

example,, a medium DIF effect-size of 0.6 (SA) for a uniform DIF item 

withh a common discrimination parameter of 1.5 yields a MH odds-ratio 

parameterr value of 2.460, whereas a larger DIF effect-size of 0.9 (SA) for a 

uniformm DIF item with a common discrimination parameter of 0.5 yields a 

MHH odds-ratio parameter value of 1.568. This is a smaller value than the 
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valuee 2.460 for the item with a smaller DIF effect-size value (SA). 

Fromm the preceding results it follows that Raju's SA depends on the 

discriminationn parameter for fixed values of the MH odds-ratio parameter 

underr both the one- and two-parameter logistic models. For a uniform DIF 

itemm under the two-parameter logistic model, the SA in terms of the MH 

odds-ratioo parameter is 

SASAkk =  - ln(/3f c
M / / ), (5.21) 

andd for a uniform DIF item under the one-parameter logistic model with 

aa = 1 the SA in terms of the odds-ratio is 

SASAkk=\n($=\n($HH).). (5.22) 

Forr a uniform DIF item under the two-parameter logistic model, it 

followss that given a fixed value of the MH odds-ratio the SA decreases with 

ann increase of discrimination, as is illustrated in Table 5.2 for a number 

Tablee 5.2: MH odds-ratio parameter, discrimination, SA and difficulty 
ppMH MH 

1.25 5 

1.50 0 

2.00 0 

a-k a-k 

0.5 5 
1.0 0 
1.5 5 
0.5 5 
1.0 0 
1.5 5 
0.5 5 
1.0 0 
1.5 5 

SASAk k 

0.446 6 
0.223 3 
0.149 9 
0.811 1 
0.405 5 
0.270 0 
1.386 6 
0.693 3 
0.462 2 

hi hi 
-0.223 3 
-0.112 2 
-0.074 4 
-0.405 5 
-0.203 3 
-0.135 5 
-0.693 3 
-0.347 7 
-Ü.231 1 

&fc2 2 

0.223 3 
0.112 2 
0.074 4 
0.405 5 
0.203 3 
0.135 5 
0.693 3 
0.347 7 
0.231 1 

off  selected odds-ratio and discrimination values. In the simulation study 

thatt follows, it will be investigated what the effect of item discrimination is 

onn the detection rate of the MH procedure for two (or more) uniform DIF 

itemss with the same MH odds-ratio parameter value. 

5.22 Methods 

5.2.11 Factors manipulated 

Thee following factors that have been shown to affect the Type 1 error and 

thee power of the MH test statistic (Uttaro k, Millsap, 1994; Narayanan & 
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Swaminathan,, 1996) and possibly also the MH common odds-ratio estima-

tor,, are manipulated in the simulation study: (1) the mean latent ability 

differencee between reference and focal groups. (2) the ratio of the reference 

andd focal group sample sizes. (3) the total sample size. (4) the test length. 

(5)) the DIF effect-size, and (6) the item discrimination. The factors are 

manipulatedd primarily to investigate the effect of item discrimination in 

aa wide range of conditions that are possible in realistic situations. Each 

factorr is discussed next. 

(1)) Mean Latent Ability Difference (ML AD). The factor ML AD had 

twoo levels. At both levels latent ability values were drawn from normal 

distr ibutionss with unit variance. At the first level, latent ability values of 

bothh subpopulations were drawn from the same standard normal distribu-

tion.. So at this level the MLA D was zero (MLA D = 0) in terms of standard 

deviations.. At the second level, for the reference group latent ability values 

weree drawn from the standard normal distribution, and for the focal group 

latentt ability values were drawn from a normal distribution with a mean 

off  —1 and unit variance. So at this level the MLA D was one standard 

deviationn (MLA D = 1). 

(( NR\ 

(2)) Sample Size Ratio (SSR) I = —— . The factor SSR also had two 

levels.. At the first level, the SSR was equal to 1 (equal sample sizes). At 

thee second level, the SSR was equal to 2 (reference group twice as large as 

thee focal group). 

(3)) Total Sample Size (TSS) (= NR + Np). The factor TSS had three 

levels:: N = 300.600.1200, which corresponded to a small, a medium and 

aa large sample size, respectively. 

(4)) Test Length (TL) . Three TLs were selected: n = 15,30,60. which 

correspondedd to a short, a medium and a long test, respectively. 

(5)) DIF effect-size (DES). The amount of uniform DIF was manipulated 

byy varying the value of the MH odds ratio parameter representing the DES. 

Thee MH odds-ratio parameter was set at: (3MH = 1.25,1.50,2.00, for a 

small,, medium and large amount of uniform DIF or DES, respectively. 

(6)) Item Discrimination (ID). For both no-DIF and DIF items, ID was 

varied.. ID was set at: 0.5,1.0 and 1.5, for a weakly, moderately and stongly 
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discriminatingg item, respectively. 

Thee MH tests for the null hypothesis of no DIF were performed at the 

fivefive percent nominal level of significance. 

5.2.22 Data generation 

Inn order to show the effect of item discrimination the dichotomous data 

weree generated by means of the two-parameter logistic model. The ranges 

off  values for the difficulty and discrimination parameters corresponded to 

parameterr values selected in other simulation studies (Mazor, Clauser & 

Tablee 5.3: Item parameter values of all items 
itemm numbers b a 

1,16,31,46 6 
2,17,32,47 7 
3,18,33,48 8 
4,19,34,49 9 
5,20,35,50 0 
6,21,36,51 1 
7,22,37,52 2 
8,23,38,53 3 
9,24,39,54 4 

10,25,40,55 5 
11,26,41,56 6 
12,27,42,57 7 
13,28,43,58 8 
14,29,, 44,59 
15,30,45,60 0 

-1.50 0 
- .75 5 

.00 0 

.75 5 
1.50 0 

-1.50 0 
- .75 5 

.00 0 

.75 5 
1.50 0 

-1.50 0 
- .75 5 

.00 0 

.75 5 
1.50 0 

.5 5 

.5 5 

.5 5 

.5 5 

.5 5 
1.0 0 
1.0 0 
1.0 0 
1.0 0 
1.0 0 
1.5 5 
1.5 5 
1.5 5 
1.5 5 
1.5 5 

Hambleton,, 1992; Donoghue, Holland & Thayer, 1993; Mazor, Clauser & 

Hambleton,, 1994; Uttaro & Millsap, 1994; Allen & Donoghue, 1996; Penny 

&&  Johnson, 1999; Roussos, Schnipke & Pashley, 1999). Item difficulty 

rangedd from easy to difficult: b = -1.50, - .75, .00, .75,1.50. Item discrimi-

nationn ranged from weak to strong: a — .5,1.0,1.5. The five levels of item 

difficultyy were crossed with the three levels of item discrimination to yield 

aa set of 15 items. One such a set was selected for a 15-item test, two and 

fourr of such 15-item sets were selected for the 30- and 60-item tests, respec-

tively.. The difficulty and discrimination parameter values of all 60 items 

constructedd are given in Table 5.3. 
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5.2.33 Simulation of unifor m DI F 

Forr each test length, 20% of the total number of items was selected to ex-

hibitt uniform DIF. So for the 15-, 30- and 60-item tests, 3,6 and 12 items 

weree selected to be uniform DIF items, respectively. Each of the 20% uni-

formm DIF items within one test was assigned the same DES. DIF items were 

nott varied with respect to difficulty. Results of a DIF simulation study of 

Narayanann & Swaminathan (1994), for example, showed that DIF items 

withh a difficulty parameter value close to the mean value of the ability 

range,, a region where most of the examinees are located, in general have 

higherr detection rates. This effect can be attributed more to the location 

off  the DIF items relative to the position of the ability distributions than 

too difficulty itself. Therefore, the interest was not in the effect of difficulty 

ass such, and for the items that were selected to be uniform DIF items 

thee mean difficulty parameter for the two groups was set at b — 0. The 

itemss that were selected to be uniform DIF items were the items in Table 

5.33 with numbers: 3, 8,13,18, 23,28, 33, 38, 43,48, 53, 58. For these uniform 

DIFF items b = b = 0 in Table 5.3. If b = ^ = °> t h en 6i = ~b2- R e" 

placingg b2 by -bx mSA = b2-bi = \ ln(/3M/f ), yields -2&i = \ \n{(3MH), 

fromm which it follows that the difficulty parameter value for the reference 

groupp is: b\ = — ^ ln((3MH). In the same manner the difficulty parameter 

valuee 62 = ^ hi(/3Mjf/ ) is obtained for the focal group. 

5.2.44 Type 1 error  and detection rates 

Forr each of the 324 cells of the 2(MLAD) x 2(SSR) x 3(TSS) x 3(TL) x 

3(DES)) x 3(ID) factorial design, a Type 1 error rate and a detection rate 

weree calculated. Type 1 error rates were calculated by means of the hy-

pothesiss testing results of the 80% no-DIF items. Detection rates were 

calculatedd by means of the hypothesis testing results of the 20% uniform 

DIFF items. For a test length condition of 15, 30 and 60 items, 2000, 1000 

andd 500 replications were carried out, respectively, to obtain the same num-

berr of 30,000 observations for each test length. Dividing the total number of 

observationss by the number of item discrimination levels yielded the same 

numberr of 10,000 observations per discrimination level and, thus, for each 
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celll  of the design. The Type 1 error rate of each cell was calculated by 

dividingg the number of times the null hypothesis of no DIF was incorrectly 

rejectedd by the total number of 8,000 (80% of 10,000) observations and 

eachh detection rate was calculated by dividing the number of times the null 

hypothesiss of no DIF was correctly rejected by the total number of 2,000 

(20%% of 10,000) observations. 

Forr determining whether a test is robust against violations of assump-

tionss under specific experimental conditions, Bradley (1978) proposed a 

liberall  and a stringent criterion, which were applied to the Type 1 error 

ratess calculated in this study. A test meets the liberal criterion if the dif-

ferenceference between the nominal level and the actual level of significance is 

smallerr than or equal to fifty percent of the nominal level of significance 

andd it meets the stringent criterion if this difference is smaller than or equal 

too ten percent. Therefore, a Type 1 error rate meets the liberal or the strin-

gentt criterion for a nominal level of five percent, when it falls in the interval 

[.025,, .075] or [.045, .055], respectively. 

5.2.55 Mean squared error  and bias 

Too assess the performance of the MH odds-ratio estimator the mean squared 

errorr (MSE) and the bias were used. The MSE is 

MSEE - E[0MH - (3MH)2}. (5.23) 

Thee MSE is a measure for the precision of the estimator in estimating the 

populationn value. 

Thee bias in $MH as an estimator of (3MH is 

bgbgMHMH=E0=E0AIHAIH}-p}-pMHMH.. (5.24) 

Ann estimator with zero bias is said to be unbiased and this means for the 

MHH odds-ratio estimator that its expected value is equal to the MH odds-

ratioo parameter, that is E0MH]  = (3MH. 
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5.33 Results 

5.3.11 Robustness 

Forr the different levels of each factor, the marginal mean Type 1 error 

ratess for the no-DTF items per discrimination level and per DIF effect-size 

Tablee 5.4: Mean Type 1 error rates for the 80% no-DIF items 
a a 

SSRR 1 0.5 
1.0 0 
1.5 5 

22 0.5 
1.0 0 
1.5 5 

TSSS 300 0.5 
1.0 0 
1.5 5 

6000 0.5 
1.0 0 
1.5 5 

12000 0.5 
1.0 0 
1.5 5 

TLL 15 0.5 
1.0 0 
1.5 5 

300 0.5 
1.0 0 
1.5 5 

600 0.5 
1.0 0 
1.5 5 

MLA DD 0 0.5 
1.0 0 
1.5 5 

11 0.5 
1.0 0 
1.5 5 

(i(iMliMli  = 1.25 3A,H = 1.50 0MH = 2.00 
0.0577 * 0.071 * 0.101 ** 
0.0400 * 0.057 * 0.098 ** 
0.0411 * 0.053 0.104 ** 
0.0544 0.065 * 0.097 ** 
0.0399 * 0.053 0.090 ** 
0.0400 * 0.052 0.091 ** 
0.0400 * 0.044 * 0.056 * 
0.0322 * 0.039 * 0.051 
0.0300 * 0.035 * 0.049 
0.0522 0.063 * 0.087 ** 
0.0399 * 0.052 0.085 ** 
0.0411 * 0.050 0.086 ** 
0.0744 * 0.097 **  0.154 ** 
0.0488 0.074 * 0.146 ** 
0.0511 0.073 * 0.157 ** 
0.0722 * 0.089 **  0.132 ** 
0.0388 * 0.054 0.094 ** 
0.0455 0.051 0.086 ** 
0.0500 0.062 * 0.091 ** 
0.0400 * 0.056 * 0.094 ** 
0.0399 * 0.052 0.099 ** 
0.0444 * 0.053 0.074 * 
0.0411 * 0.055 0.093 ** 
0.0377 * 0.056 * 0.108 ** 
0.0422 * 0.049 0.073 * 
0.0433 * 0.062 * 0.109 ** 
0.0444 * 0.068 * 0.134 ** 
0.0699 * 0.087 **  0.125 ** 
0.0377 * 0.048 0.079 ** 
0.0377 * 0.038 * 0.061 * 

Note.. *: Type 1 error rate only meets the liberal criterion. 
** :: Type 1 error rate does not meet any of the two criteria. 

levell  are presented in Table 5.4. The results in this table come from the 

hypothesiss testing analyses of the no-DIF items and with the total sum 

scoree as matching variable for which 20% of the items were DIF items. The 

amountt of DIF for each of the DIF items included in the matching criterion 

iss denoted by the value of j3MH above each column in the table. 

Thee results showed that the mean Type 1 error rate increased with the 

totall  sample size and with the DIF effect-size present for the 20% uniform 
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DIFF items in the matching variable. For the unequal mean latent ability 

(MLA DD = 1) conditions, the mean Type 1 error rates were overall higher 

thann for the equal mean latent ability (MLA D = 0) conditions at the lowest 

itemm discrimination level. The opposite held for the medium and the highest 

itemm discrimination levels. The mean Type 1 error rates in the equal sample 

sizess (SSR = 1) conditions were slightly higher than those in the unequal 

samplee sizes (SSR — 2) conditions. TL did not seem to have a clear main 

effectt on the mean Type 1 error rate. The same can be said about item 

discrimination,, but there was a tendency of the mean Type 1 error rate to 

bee overall higher at the lowest item discrimination level than at the other 

twoo discrimination levels. 

Inn Table 5.5, the number of times none of the two robustness criteria, 

thee number of times only the liberal robustness criterion and the number 

off  times the stringent robustness criterion was met for each of the three 

itemm discrimination levels are given. Of all 108 Type 1 error rates at the 

Tablee 5.5: The number of times just one robustness criterion is met 

a a 

0.5 5 
1.0 0 
1.5 5 

robustness s 
none e 
32 2 
25 5 
24 4 
81 1 

liberal l 
50 0 
57 7 
70 0 

177 7 

criterion n 
stringent t 

26 6 
26 6 
14 4 

66 6 

lowestt item discrimination level (a = 0.5), 76 Type 1 error rates satisfied 

att least the liberal robustness criterion. Of these 76 Type 1 error rates, 

266 also satisfied the stringent robustness criterion. At the medium item 

discriminationn level (a = 1.0), 83 Type 1 error rates satisfied at least the 

liberall  robustness criterion. Of these 83 Type 1 error rates also 26 satisfied 

thee stringent robustness criterion. At the highest item discrimination level 

(a(a = 1.5), 84 Type 1 error rates of the total of 108 satisfied at least the 

liberall  robustness criterion. Of these Type 1 error rates 14 also satisfied the 

stringentt robustness criterion. So the number of Type 1 error rates that 

att least met the liberal robustness criterion increased somewhat with item 

discrimination. . 

Inn Table 5.6, the average of the MH odds-ratio estimates, the average 
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off  the MSEs and the average of the bias are presented for each level of the 

differentt factors. The average MSE in the unequal sample sizes (SSR = 

T a b lee 5.6: MH odds-rat io estimates for the 80% no-DIF items with i3MH = 1 

a a 

SSRR 1 0.5 
1.0 0 
1.5 5 

22 0.5 
1.0 0 
1.5 5 

TSSS 300 0.5 
1.0 0 
1.5 5 

6000 0.5 
1.0 0 
1.5 5 

12000 0.5 
1.0 0 
1.5 5 

TLL 15 0.5 
1.0 0 
1.5 5 

300 0.5 
1.0 0 
1.5 5 

600 0.5 
1.0 0 
1.5 5 

MLA DD 0 0.5 
1.0 0 
1.5 5 

11 0.5 
1.0 0 
1.5 5 

3"3"HH = 1.25 

3*3* IHIH MSE b~3,1H 

0.955 0.06 -0.05 
1.000 0.12 O.OO 
1.077 0.35 0.07 
0.966 0.07 -0.04 
1.000 0.16 O.OO 
1.077 0.41 0.07 
0.988 0.11 -0.02 
1.044 0.29 0.04 
1.155 0.90 0.15 
0.966 0.05 -0.04 
0.999 0.09 -0.01 
1.044 0.18 0.04 
0.944 0.03 -0.06 
0.977 0.04 -0.03 
1.011 0.07 0.01 
0.933 0.06 -0.07 
1.000 0.12 O.OO 
1.111 0.43 0.11 
0.966 0.06 -0.04 
1.000 0.11 O.OO 
1.055 0.32 0.05 
0.988 0.07 -0.02 
1.000 0.18 O.OO 
1.044 0.40 0.04 
0.999 0.06 -0.01 
0.988 0.10 -0.02 
0.988 0.18 -0.02 
0.922 0.07 -0.08 
1.022 0.18 0.02 
1.166 0.59 0.16 

33MHMH = 1.50 

33MHMH MSE bjMH 

0.933 0.06 -0.07 
0.944 0.11 -0.06 
0.999 0.29 -0.01 
0.933 0.06 -0.07 
0.955 0.13 -0.05 
0.999 0.36 -0.01 
0.955 0.11 -0.05 
0.988 0.23 -0.02 
1.066 0.75 0.06 
0.933 0.05 -0.07 
0.944 0.08 -0.06 
0.977 0.16 -0 .03 
0.922 0.03 -0.08 
0.922 0.04 -0 .08 
0.933 0.07 -0.07 
0.911 0.07 -0.09 
0.955 0.11 -0.05 
1.033 0.38 0.03 
0.933 0.06 -0.07 
0.955 0.11 -0.05 
0.977 0.26 -0 .03 
0.955 0.06 -0.05 
0.955 0.13 -0.05 
0.966 0.32 -0.04 
0.977 0.05 -0 .03 
0.933 0.09 -0 .07 
0.911 0.16 -0.09 
0.900 0.07 -0.10 
0.966 0.14 -0.04 
1.077 0.49 0.07 

33AIHAIH - 2 . 00 

33MHMH MSE b M̂H 

0.899 0.06 -0.11 
0.877 0.10 -0 .13 
0.888 0.23 -0.12 
0.899 0.07 -0.11 
0.888 0.12 -0.12 
0.900 0.28 -0.10 
0.911 0.11 -0.09 
0.911 0.20 -0.09 
0.955 0.54 -0.05 
0.899 0.06 -0.11 
0.866 0.09 -0.14 
0.877 0.15 -0.13 
0.877 0.04 -0.13 
0.855 0.05 -0.15 
0.844 0.08 -0.16 
0.866 0.07 -0.14 
0.888 0.11 -0.12 
0.933 0.26 -0.07 
0.899 0.07 -0.11 
0.877 0.11 -0.13 
0.888 0.25 -0.12 
0.911 0.06 -0.09 
0.877 0.12 -0.13 
0.866 0.27 -0.14 
0.922 0.06 -0.08 
0.866 0.10 -0.14 
0.822 0.16 -0.18 
0.855 0.08 -0.15 
0.899 0.13 -0.11 
0.966 0.36 -0.04 

2)) conditions was at least as high as the average in the equal sample sizes 

(SSRR = 1) conditions. The average of the bias in the equal sample sizes 

conditionss did not differ substantially from those in the unequal sample 

sizess conditions. In general, the average of the MSE decreased with total 

samplee size (TSS). In most of the conditions the bias was negative and 

hadd a slightly greater negative magnitude with an increase of the total 

samplee size (TSS). There was no strong main effect of test length (TL) 

onn the average of the MSE and on the average of the bias. In the equal 

meann latent ability (MLA D = 0) conditions the average MSE was lower 

thann in the unequal mean latent ability (MLA D = 1) conditions. For the 
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lowestt item discrimination level (a = 0.5) the average bias in the unequal 

meann latent ability (MLA D = 1) conditions was larger negative than in 

thee equal latent ability conditions. The opposite result was found for the 

mediumm and the highest item discrimination levels. Overall, the average 

MSEE increased with an increase of item discrimination. In general the bias 

wass negative except for some conditions with the highest discrimination 

level.. The average MSE decreased with the DIF effect-size present for the 

20%% DIF items included in the matching variable, but the absolute value 

off  the average bias increased with the DIF effect-size. 

5.3.22 Power 

Thee mean detection rates at each level of the factors are shown in Table 

5.7.. Overall, the mean detection rates were higher in the equal sample sizes 

Tablee 5.7: Mean Detection rates for the 20% uniform DIF items 
a a 

SSRR 1 0.5 
1.0 0 
1.5 5 

22 0.5 
1.0 0 
1.5 5 

TSSS 300 0.5 
1.0 0 
1.5 5 

6000 0.5 
1.0 0 
1.5 5 

12000 0.5 
1.0 0 
1.5 5 

TLL 15 0.5 
1.0 0 
1.5 5 

300 0.5 
1.0 0 
1.5 5 

600 0.5 
1.0 0 
1.5 5 

MLA DD 0 0.5 
1.0 0 
1.5 5 

11 0.5 
1.0 0 
1.5 5 

00MHMH = 1.25 0MH = 1.50 0MH = 2.00 
0.1355 0.397 0.759 
0.1199 0.299 0.609 
0.1144 0.205 0.413 
0.1299 0.374 0.719 
0.1066 0.262 0.572 
0.0988 0.186 0.385 
0.0699 0.181 0.462 
0.0611 0.132 0.299 
0.0544 0.089 0.173 
0.1166 0.355 0.786 
0.1022 0.239 0.585 
0.0966 0.164 0.365 
0.2100 0.621 0.970 
0.1744 0.470 0.887 
0.1677 0.333 0.659 
0.1211 0.366 0.730 
0.1222 0.303 0.623 
0.1499 0.249 0.470 
0.1399 0.390 0.743 
0.1088 0.284 0.588 
0.0966 0.188 0.390 
0.1366 0.401 0.745 
0.1077 0.255 0.561 
0.0733 0.149 0.335 
0.1788 0.478 0.813 
0.1099 0.287 0.609 
0.0722 0.145 0.346 
0.0866 0.293 0.666 
0.1166 0.274 0.572 
0.1400 0.246 0.451 
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(SSRR = 1) conditions than in the unequal sample sizes (SSR = 2) condi-

t ions.. The mean detection rate increased with total sample size and with 

ann increase of the DIF effect-size present for the 209c DIF items included 

inn the matching variable. There was an effect of the interaction between 

itemm discrimination and test length on detection rate. The mean detec-

tionn rate for weakly discriminating uniform DIF items increased with test 

lengthh and the mean detection rate for moderately to strongly discrimi-

nat ingg uniform DIF items decreased with test length. There was also an 

effectt of the interaction between item discrimination (ID) and mean latent 

abilityy differences (MLAD ) on the detection rate. In the equal mean latent 

abilityy (MLA D = 0) conditions and at the lowest item discrimination level 

(a(a = Ü.5) all mean detection rates were higher than in the unequal mean 

abilityy conditions and at the same item discrimination level. At the highest 

i temm discrimination level (a = 1.5) almost all mean detection rates in the 

unequall  mean ability conditions were higher than in the equal mean ability 

conditions.. In general, the mean detection rate decreased with an increase 

off  i tem discrimination. 

Inn Table 5.8. the average of the MH odds-ratio estimate, the average of 

thee MSE and the average of the bias are given at each level of the factors. 

Overall,, the average MSE was higher in the unequal sample sizes (SSR = 2) 

conditionss than in the equal sample sizes (SSR = 1) conditions. The average 

biass was a littl e smaller negative in the unequal sample sizes conditions than 

inn the equal sample sizes conditions. The average MSE decreased with total 

samplee size (TSS), whereas the average bias became larger negative with an 

increasee of the total sample size. Test length (TL) did not affect the average 

MSE.. There was an effect of the interaction between test length and item 

discriminationn (a) on the average bias. At the lowest item discrimination 

levell  (a = 0.5) the average bias became smaller negative with increasing test 

length.. At the medium and highest item discrimination levels the average 

biass became larger negative with an increase of test length. In general, the 

averagee MSE was higher in the unequal mean latent ability (MLA D = 1) 

conditionss than in the equal mean latent ability (MLA D = 0) conditions. 

A tt the medium and highest item discrimination levels the average bias was 

smallerr negative in the unequal mean latent ability conditions than in the 
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Tablee 5.8: MH odds-ratio estimates for the 20% uniform DIF items 

a a 

SSRR 1 0.5 
1.0 0 
1.5 5 

22 0.5 
1.0 0 
1.5 5 

TSSS 300 0.5 
1.0 0 
1.5 5 

6000 0.5 
1.0 0 
1.5 5 

12000 0.5 
1.0 0 
1.5 5 

TLL 15 0.5 
1.0 0 
1.5 5 

300 0.5 
1.0 0 
1.5 5 

600 0.5 
1.0 0 
1.5 5 

MLA DD 0 0.5 
1.0 0 
1.5 5 

11 0.5 
1.0 0 
1.5 5 

33MHMH = 1.25 

$$MHMH MSE b&MH 

1.200 0.08 -0.05 
1.233 0.10 -0.02 
1.266 0.14 0.01 
1.211 0.09 -0 .04 
1.233 0.12 -0.02 
1.244 0.16 -0 .01 
1.233 0.15 -0.02 
1.266 0.19 0.01 
1.299 0.27 0.04 
1.200 0.06 -0.05 
1.222 0.09 -0 .03 
1.244 0.12 -0 .01 
1.199 0.04 -0 .06 
1.200 0.04 -0 .05 
1.222 0.06 -0 .03 
1.188 0.08 -0 .07 
1.255 0.11 0.00 
1.311 0.17 0.06 
1.211 0.08 -0 .04 
1.222 0.10 -0 .03 
1.233 0.13 -0.02 
1.222 0.09 -0 .03 
1.222 0.12 -0 .03 
1.211 0.15 -0.04 
1.255 0.07 0.00 
1.222 0.10 -0 .03 
1.199 0.12 -0 .06 
1.177 0.09 -0 .08 
1.255 0.12 0.00 
1.311 0.17 0.06 

00MHMH = 1.50 

ppMHMH MSE bBMH 

1.422 0.11 -0 .08 
1.411 0.14 -0.09 
1.377 0.18 -0 .13 
1.433 0.12 -0 .07 
1.411 0.16 -0.09 
1.388 0.22 -0.12 
1.466 0.20 -0.04 
1.444 0.26 -0.06 
1.433 0.34 -0.07 
1.422 0.09 -0 .08 
1.400 0.12 -0 .10 
1.366 0.16 -0.14 
1.400 0.05 -0.10 
1.388 0.06 -0.12 
1.355 0.09 -0 .15 
1.411 0.12 -0.09 
1.444 0.15 -0.06 
1.444 0.22 -0.06 
1.433 0.11 -0.07 
1.400 0.14 -0.10 
1.366 0.18 -0.14 
1.455 0.12 -0.05 
1.399 0.15 -0.11 
1.333 0.19 -0 .17 
1.488 0.11 -0.02 
1.399 0.13 -0 .11 
1.311 0.18 -0.19 
1.388 0.13 -0.12 
1.422 0.16 -0.08 
1.455 0.22 -0.05 

gMHgMH = 2 0Q 

$$MHMH MSE b$MH 

1.844 0.21 -0 .16 
1.744 0.27 -0 .26 
1.611 0.39 -0 .39 
1.844 0.23 -0.16 
1.755 0.30 -0.25 
1.633 0.40 -0 .37 
1.888 0.36 -0 .12 
1.799 0.46 -0 .21 
1.666 0.57 -0 .34 
1.833 0.18 -0 .17 
1.733 0.24 -0 .27 
1.622 0.35 -0 .38 
1.800 0.11 -0 .20 
1.711 0.16 -0 .29 
1.599 0.27 -0 .41 
1.833 0.22 -0 .17 
1.799 0.27 -0 .21 
1.711 0.37 -0 .29 
1.844 0.21 -0 .16 
1.733 0.28 -0 .27 
1.611 0.39 -0 .39 
1.855 0.22 -0 .15 
1.711 0.31 -0 .29 
1.555 0.43 -0 .45 
1.911 0.19 -0 .09 
1.722 0.27 -0 .28 
1.522 0.42 -0 .48 
1.766 0.24 -0 .24 
1.777 0.30 -0 .23 
1.733 0.38 -0 .27 

equall  mean latent ability conditions. At the lowest item discrimination 

levell  the opposite result was found. In general, the average MSE increased 

withh item discrimination and with the DIF effect-size. The average bias 

wass overall negative and became larger negative with an increase of the 

DIFF effect-size. 

5.44 Discussion 

I tt was shown that for a uniform DIF item under the one-parameter logistic 

model,, Raju's SA is directly proportional to the latent odds-ratio, whereas 

underr the two-parameter logistic model the SA is not proportional to the 

latentt odds-ratio. Under the latter model the SA also depends on the value 
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off  the common discrimination parameter, which must be equal for the two 

groupss under uniform DIF. These results imply that for the simulation of 

uniformm DIF and the manipulation of the DIF effect-size under the two-

parameterr logistic model either Raju's SA or the latent odds-ratio can be 

used,, but they lead to different conclusions regarding the effect of item 

discrimination.. It was shown analytically that the SA decreases with an 

increasee of item discrimination for a fixed value of the latent odds-ratio, and 

thatt the latent odds-ratio increases with an increase of item discrimination 

forr a fixed value of the SA. Furthermore, it was shown that when in a 

simulationn study the amount of uniform DIF is manipulated by means of 

thee SA without accounting for item discrimination, the order of the SA 

DIFF effect-sizes can be the reverse of the order of the DIF effect-sizes in 

termss of the MH odds-ratio parameter. 

Regardingg the effect of item discrimination, the results of the present 

simulationn study lead to other conclusions than the results of most previous 

simulationn studies (Mazor, Clauser & Hambleton, 1992; Uttaro & Millsap, 

1994;; Narayanan & Swaminathan, 1994). From the results of the present 

studyy it can be concluded that strongly discriminating uniform DIF items 

aree less likely to be detected by the MH procedure than weakly discriminat-

ingg uniform DIF items with the same DIF effect-size in terms of the latent 

odds-ratio.. This can be explained partly by the fact that a weakly dis-

criminatingg uniform DIF item is associated to a larger SA than a strongly 

discriminatingg uniform DIF item with the same MH odds-ratio parameter 

value.. Because of inflation, the Type 1 error rates at the lowest item dis-

criminationn level satisfy the liberal robustness criterion less frequently than 

thee Type 1 error rates at the highest item discrimination level. This effect 

iss however too small to explain the higher detection rates at the lower item 

discriminationn level. Furthermore, the precision of the MH odds-ratio es-

timatorr decreases with increasing item discrimination and, in general, the 

MHH odds-ratio estimator underestimates the population MH odds-ratio pa-

rameter,, both for DIF items and no-DIF items. 

Inn the simulation study two of the conditions necessary for the MH 

nulll  hypothesis to be equal to the IRT null hypothesis of no DIF were 

violated.. First, the data did not follow the one-parameter logistic model, 
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butt were generated under the two-parameter logistic model in order to 

investigatee the effect of item discrimination on the Type 1 error rate, on 

thee detection rate of the MH test statistic, and on the MSE and bias of 

thee MH odds-ratio estimator. Second, the matching criterion included 20% 

DIFF items. The results of the present study were consistent with the results 

off  previous simulation studies, in which these violations caused an inflation 

off  the overall Type 1 error rate. However, in approximately 75% of all 

conditionss the Type 1 error met at least the liberal robustness criterion. 




