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44 Matching and correction for 

continuityy in the Mantel-Haenszel 

DIFF detection procedure 

Abstract t 

AA simulation study was conducted to investigate the effect of the inclu-

sionn of the studied item in the matching variable and the effect of using 

thee correction for continuity on both the robustness and the power of the 

Mantel-Haenszell  (MH) DIF detection procedure. The mean latent abil-

ityy difference between reference and focal group, the ratio of the sample 

sizess of the two groups, the total sample size, the test length, and the 

percentagee of DIF items were manipulated in a completely crossed de-

sign.. Dichotomous data were simulated using a two-parameter logistic 

modell  to explore the use of the MH procedure under a less favorable 

conditionn than under the one-parameter logistic model. Four different 

variationss of the MH test statistic were compared on Type 1 error rates 

inn no-DIF conditions and in DIF conditions, and on detection rates in 

DIFF conditions in which the criterion for matching also contained several 

DIFF items. The four variations of the MH test statistic were obtained 

byy either using or not using the correction for continuity and by either 

usingg or not using the studied item in the matching variable. The ro-

bustnesss results showed that the correction for continuity should always 

bee used. The robustness and power results showed that the studied item 

shouldd be used in the matching variable for short (15 items) and medium 

(300 items) test length conditions and that the studied item should be 

excludedd from the matching variable for long (60 items) test length con-

ditions. . 
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4.11 Introduction 

Inn the field of psychological and educational measurement, one of the 

th reatss to test validity is Differential Item Functioning (DIF). DIF means 

thatt for at least one level of the psychological variable measured, the prob-

abilitiess of the possible item scores differ between two (or more) subpop-

ulationss of examinees. Within DIF studies the subpopulations of interest 

aree usually distinguished by different levels of demographic or biographic 

variables,, such as ethnicity, socio-economic background, sex and age. 

Onee of the more widely used methods for the detection of DIF in case of 

dichotomouss item scores (yes/no: correct/incorrect) is the Mantel-Haenszel 

(MH )) procedure (Mantel k. Haenszel. 1959: Holland &; Thayer. 1988). In 

thee MH procedure two groups of examinees, the "reference' (majority) and 

thee "focaP (minority) group, are compared with respect to their perfor-

mancee on an individual item, called the 'studied1 item, at different observed 

matchingg score levels. In the MH procedure the null hypothesis is tested 

whetherr the between-groups ratio of the odds of a positive item score is 

equall  to one at all matching score levels. I t has been shown (Birch. 1964) 

thatt the MH chi-square test is the uniformly most powerful test of this null 

hypothesiss against the alternative hypothesis of a constant ratio of the odds 

unequall  to one at all matching score levels. Since the definition of uniform 

DI FF is that the ratio of the odds of two groups is a constant at all levels of 

thee latent variable (Mellenbergh. 1982; Hanson. 1998), the MH procedure 

iss especially suited for the detection of uniform DIF. 

Typically,, in the MH procedure the total score on all items (number-

correctt score) is used as the matching variable. The total score is the 

unweightedd sum of all test item scores including the studied item. A jus-

tificationn for using the total score as matching variable can be found in 

thee results of theoretical studies of Holland and Thayer (1988) and Zwick 

(1990).. The results of these two studies follow logically from Item Re-

sponsee Theory (IRT) model assumptions and are based on the situation in 

whichh DIF is absent in the items included in the matching variable other 

thann the studied item. Holland and Thayer (1988) showed that under the 

Raschh (1960) model the MH null hypothesis of no DIF is satisfied when the 
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matchingg variable includes the studied item, the other items in the match-

ingg variable do not exhibit DIF, and the data are random samples from 

thee reference and the focal groups. Zwick (1990) analytically investigated 

thee MH procedure under a more general model than the Rasch model in a 

situationn in which the ability distributions for the two groups are stochas-

ticallyy ordered. First, she showed that when the studied item is included 

inn the matching variable, the MH population result will show DIF favoring 

thee higher group on some items and favoring the lower group on others. 

Second,, she showed that when the studied item is excluded from the match-

ingg variable, the population MH result will always show DIF favoring the 

higherr group. On the basis of these theoretical results it still remains diffi -

cultt to decide in practice how and when to use the MH procedure, because 

itt is often not known in advance whether or not the Rasch model holds, 

whetherr or not the ability distributions of the two groups are equal, and 

whetherr or not items in the matching variable other than the studied item 

aree functioning differentially. For these reasons simulation studies can give 

usefull  information about the MH test statistic in several possibly realistic 

andd complex DIF situations. 

Thee test statistic of the MH procedure is a natural extension of tra-

ditionall  DIF x2 procedures (Scheuneman, 1979; Marascuilo & Slaugther, 

1981).. In the MH test statistic, Yates's (1934) correction for continuity is 

usedd to improve the approximation of the discrete distribution by an asso-

ciatedd continuous \2 distribution. However, this correction for continuity 

mayy not necessarily be appropriate. On the one hand, for example, Conover 

(1974)) showed that using Yates's correction can result in overly conserva-

tivee chi-square tests. On the other hand, Mantel (1974) recommended using 

thee correction and argued that if the sample size is reasonably large the 

correctionn has littl e effect on the value of the chi-square test statistic. 

Withinn DIF research the effect of the inclusion of the studied item in 

thee matching variable has not been fully explored; the effect of applying the 

correctionn for continuity in the MH procedure has neither been thoroughly 

investigatedd in DIF studies. In the present simulation study, the effects of 

thee inclusion of the studied item in the matching variable and the appli-

cationn of the correction for continuity on the robustness and the power of 
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thee MH procedure were investigated under different conditions in which the 

Raschh model did not hold. The robustness was assessed by means of Type 1 

errorr rate calculations for no-DIF items in both no-DIF conditions and DIF 

conditions.. In the no-DIF conditions. DIF was absent in both the studied 

itemm and in the matching variable. In the DIF conditions, the matching 

variablee contained several DIF items. In addition to the robustness, also 

thee power of the MH test statistic was assessed in the DIF conditions. The 

powerr was assessed by detection rate calculations for simulated DIF items. 

Inn both the no-DIF and the DIF conditions, the MH test statistic, with and 

withoutt the correction for continuity was investigated with both the total 

scoree including the studied item, and the rest score without the studied 

itemm as matching variables. 

4.22 The Mantel-Haenszel procedure 

Thee sample data of the studied item for the MH procedure can be arranged 

intoo a series of s 2 x 2 contingency tables, where s is the total number of 

matchedd score groups. The reference group is denoted by R and the focal 

groupp by F. The usual notation for the sample frequencies on the studied 

itemm for the j t h matched score group is as follows. The number-correct and 

thee number-incorrect on the studied item are denoted by M\, and M0.., 

respectively.. The number of examinees in the reference sample and in the 

focall  sample are denoted by N  ̂ and Np,, respectively. The total number 

off  examinees in the j t h matched score group is denoted by Tj. So for the 

j t hh matched score group the sample frequency data of the studied item can 

bee displayed as in Table 4.1. 

Tablee 4.1: Frequency data for the j t h matched score group on the studied 

item m 

itemm score 

11 0 total 

R R 

F F 

AA3 3 

CC} } 

Bi Bi 

DJ DJ 

NR, NR, 

NNFJ FJ 

totall  Mi . M0. Tj 
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Givenn fixed marginals, the expected value of the cell frequency Aj under 

thee null hypothesis of independence between group membership and the 

scoree on the studied item conditional on the matching score, is 

andd its variance is 

Var[̂ ]]  = \ 2  ̂ \ } °'. (4.2) 

Thee Mantel-Haenszel chi-square statistic is based on the following chi-

squaree statistic without correction for continuity, 

CHISQQ = V ' y . (4.3) 
EjVar[A|] ] 

Applyingg Yates's correction for continuity yields the traditional Mantel-

Haenszell  chi-square statistic, 

MH-CHISQQ = V „  v ' 1
 J-. 4.4 

Bothh test statistics (Equations 4.3 and 4.4) are approximately chi-square 

distributedd with one degree of freedom. 

4.33 Method 

4.3.11 Factors manipulated 

Thee following two matching variables were used: (1) the total score includ-

ingg the studied item, and (2) the rest score without the studied item, that 

is,, the number-correct on the remaining items after exclusion of the studied 

item.. In addition to the choice of the matching variable and the use of the 

correctionn for continuity, the following factors that are shown to affect the 

Typee 1 error and the power of the MH test statistic (Uttaro h Millsap, 

1994;; Narayanan & Swaminathan, 1996) were manipulated: (1) mean la-

tentt ability difference between reference and focal group, (2) sample size 
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rat ioo of the reference and the focal group, (3) total sample size, (4) test 

length,, and (5) percentage of DIF items. 

(1)) Mean Latent Ability Difference (MLAD ) Two levels were assigned 

too the factor MLAD . At both levels latent ability values were drawn from 

normall  distributions with unit variance. At the first level, latent trait 

valuess of both subpopulations were drawn from the same standard normal 

distr ibution.. At the second level, for the reference group latent trait values 

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

latentt trait values were drawn from a normal distribution with a mean of 

—— 1 and unit variance. 
(( NR\ 

(2)) Sample Size Ratio (SSR) = —— I. Two levels were assigned to the 

factorr SSR. At the first level, the SSR was equal to 1, which meant that 

thee sample sizes of the reference and the focal group were equal. At the 

secondd level, the SSR was equal to 2, which meant that the sample of the 

referencee group was twice as large as the sample of the focal group. 

(3)) Total Sample Size (TSS) (~ NR + Np). Three levels were assigned 

too the factor TSS: N = 300, 600,1200, which corresponded to a small, a 

mediumm and a 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 length, respectively. 

(5)) Percentage of DIF Items A distinction was made between (1) the no-

DI FF conditions, with 0% DIF items in the tests, and (2) the DIF conditions 

wit hh 20% DIF items in the tests. 

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

nominall  levels of significance: a = .05 and a — .01. 

4.3.22 D a ta generat ion 

Forr the generation of dichotomous data, different Item Response Theory 

(IRT)) models can be used. Fundamental to IRT models for dichotomous 

itemm scores is the Item Response Function (IRF), which gives the prob-

abilityy of a positive item score as a function of a continuous latent trait. 

Inn order to generate dichotomous item scores for which the Rasch model 

didd not hold, the unidimensional two-parameter logistic model (Birnbaum, 



4.34.3 Method 75 5 

1968)) was used. Under the two-parameter logistic model the IRF of item i 

iss given by 
DDaiai(d-bi) (d-bi) 

PP((XX>> = 1 I  6) = 1 + e D„ . ( * -M ' <45> 
wheree Xi is the score on item z, 0 is the latent trait, D is a scaling constant 

equall  to 1.7, and â  and 6̂  are the discrimination and difficulty parameters 

off  the ith item, respectively. 

Thee following ranges of difficulty and discrimination parameter values 

weree selected, that corresponded to parameter values selected in other sim-

ulationn studies (Mazor, Clauser h Hambleton, 1992; Donoghue, Holland 

&&  Thayer, 1993; Mazor, Clauser & Hambleton, 1994; Uttaro & Millsap, 

1994;; Allen & Donoghue, 1996; Penny & Johnson, 1999; Roussos, Schnipke 

hh Pashley, 1999). The values selected for the item difficulty parameters 

were:: b — —1.50, —.75, .00, .75,1.50. Using this range of difficulty parame-

terr values, item scores were generated for easy to difficult items. The values 

selectedd for the item discrimination parameters were: a = .5,1.0,1.5, rang-

ingg from weak discrimination to strong discrimination. Crossing the five 

levelss of item difficulty with the three levels of item discrimination yielded 

aa set of 15 items. For a test length of 15 one such a set was selected, and for 

thee 30- and 60-item tests, two and four of such 15-item sets were selected, 

respectively.. The item parameter values of all items are given in Table 4.2. 

Tablee 4.2: 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 9 
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 
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Inn the no-DIF conditions the difficulty and discrimination parameter values 

off  all items were equal for the reference and the focal group. 

4.3.33 D I F s imulat ion 

DI FF was simulated by changing the item parameter values of selected DIF 

i temss in the focal group. For the 15-. 30- and 60-item tests, 3. 6 and 12 

i temss were selected to be DIF items, respectively, which corresponded for 

eachh test length to 20% of the total number of items. DIF items were not 

variedd with respect to difficulty . So all DIF items had the same difficulty. 

Narayanann & Swaminathan (1994) showed that DIF items with a difficulty 

parameterr value close to the mean of the ability range, where most of the 

examineess are located, in general have higher detection rates. This effect 

couldd be at t r ibuted more to the location of the DIF items relative to the 

positionn of the ability distributions than to difficulty itself. Therefore, the 

interestt was not in the effect of difficulty , and items that were selected to 

bee DI F items were items with a difficulty parameter of b = 0. Narayanan 

&&  Swaminathan (1994) also demonstrated that DIF items with higher dis-

criminationn parameter values have higher detection rates. In contrast to 

thee effect of difficulty , the effect of discrimination can be attr ibuted more to 

discriminationn itself than to the position of the ability distributions relative 

too the item. Although the interest was not in the effect of discrimination, 

thee DIF items were varied with respect to discrimination to obtain detec-

tionn rates for a more realistic situation instead of an optimal one. So the 

i temss that were selected to be DIF items were all items in Table 4.2 with 

66 = 0. that is, the items numbered: 3. 8,13.18. 23, 28. 33, 38.43, 48. 53, 58. 

Iff  an item functions differentially and the two-parameter logistic model 

holds,, then only uniform DIF or nonuniform DIF can exist. Uniform DIF 

iss defined to exist when only the difficulty parameters of the two groups 

aree unequal. Nonuniform DIF is defined to exist when the discrimination 

parameterss of the two groups are unequal, which means in terms of the 

odds-ratioo that it is not a constant function of the latent trait. At present, it 

iss commonly assumed that uniform DIF occurs more frequently in practice 

(Camillii  & Shepard, 1994; Mazor, Clauser k Hambleton, 1994). Therefore, 
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andd because the MH procedure is especially suited for the detection of 

uniformm DIF, only this type of DIF was simulated. 

Forr each DIF item the amount of DIF was set equal to a constant area 

measuree value of .3 between the IRFs of the reference and focal groups, 

whichh corresponded to a small amount of DIF (Raju, 1988). The area 

measuree value was assessed by Raju's (1988, Eq. 25) Signed Area (SA) 

measure.. The results of many DIF simulation studies have shown that 

DIFF items with higher amounts of DIF have higher detection rates (Mazor, 

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

Clauserr & Hambleton, 1994; Uttaro & Millsap, 1994; Narayanan & Swami-

nathan,, 1994; Allen & Donoghue, 1996; Penny & Johnson, 1999; Roussos, 

Schnipkee & Pashley, 1999). Therefore, there was no interest in the effect 

off  the amount of DIF and so for each DIF item the same amount of DIF 

wass selected. A small amount of DIF was selected here, because it en-

suredd the absence of ceiling effects for detection rates that could hamper 

thee comparison of the different variations of the MH procedure. 

4.3.44 Type 1 error  and detection rates 

Forr all no-DIF and all DIF conditions Type 1 error rates were calculated 

byy means of the hypothesis testing results of the no-DIF items. For the 

DIFF conditions detection rates were calculated by means of the hypothesis 

testingg results of the DIF items. For a test length condition of 15, 30 and 

600 items, 2000, 1000 and 500 replications were carried out, respectively. 

Soo for each test length in the no-DIF conditions the Type 1 error rate 

wass calculated by dividing the number of times the null hypothesis of no 

DIFF was incorrectly rejected by the total number of 30,000 observations 

(## items x # replications). For each test length in the DIF conditions 

thee Type 1 error rate was calculated by dividing the number of times the 

nulll  hypothesis of no DIF was incorrectly rejected by the total number of 

24,0000 observations (80% no-DIF of 30,000) and each detection rate was 

calculatedd by dividing the number of times the null hypothesis of no DIF 

wass correctly rejected by the total number of 6,000 observations (20% DIF 

off  30,000). 
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4.44 Results 

Forr both the no-DIF and the DIF conditions the actual values of Type 1 

errorr rates at the two nominal levels of significance were of course different 

fromm one another (approximately 1 percent or 5 percent), but the resulting 

patternss of Type 1 error rates did not substantially differ. Therefore, only 

thee results at the 5 percent nominal level of significance are reported. 

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

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

criteria,, which were applied to the Type 1 error rates calculated in this 

study.. Bradley distinguished a liberal and a stringent criterion. A test 

meetss the liberal criterion if \a - a\ < .ba and the stringent criterion if 

\a\a — a\ < . la, where a is the Type 1 error rate calculated for the data. 

Therefore,, a Type 1 error rate meets the liberal or the stringent criterion for 

aa = .05, when it falls in the interval [.025, .075] or [.045, .055], respectively. 

Inn the following tables containing Type 1 error rates, the values that do not 

meett these criteria are indicated by two asterisks. The values that do not 

meett the stringent criterion but do meet the liberal criterion are indicated 

byy only one asterisk. 

4.4.11 Robustness in the no-DIF conditions 

Tablee 4.3 shows the Type 1 error rates for the MH procedure using the 

totall  score and no correction for continuity (MHT—), the total score and 

thee correction for continuity (MHT+), the rest score and no correction for 

continuityy (MHR—), and the rest score and the correction for continuity 

(MHR+),, within each of the 2(MLAD) x 2(SSR) x 3(TSS) x 3(TL) = 36 

cellss of the design of the no-DIF condition. 

Thee results showed that in the equal mean ability conditions all Type 

11 error rates met the liberal criterion for robustness. Also, all but one of 

thee continuity uncorrected conditions met the stringent criterion. 

Inn the unequal mean ability conditions, the mean Type 1 error rates of 

thee four procedures (MHT- , MHT+, MHR- and MHR+) overall met the 

liberall  criterion for robustness in the large test length (TL = 60) conditions. 
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Tablee 4.3: Type 1 error rates in the no-DIF condition; a = .05 

SSRR TSS TL 

11 300 15 
30 0 
60 0 

6000 15 
30 0 
60 0 

12000 15 
30 0 
60 0 

22 300 15 
30 0 
60 0 

6000 15 
30 0 
60 0 

12000 15 
30 0 
60 0 

equall  mean ability 

M H T -- MHT + M H R- MHR+ 

.0511 .034 * .059 * .042 * 

.0499 .031 * .051 .034 * 

.0533 .035 * .051 .034 * 

.0499 .036 * .055 .043 * 

.0500 .037 * .050 .038 * 

.0488 .036 * .050 .038 * 

.0522 .042 * .053 .044 * 

.0488 .038 * .047 .039 * 

.0488 .040 * .050 .041 * 

.0499 .031 * .049 .031 * 

.0499 .032 * .050 .032 * 

.0499 .030 * .049 .030 * 

.0500 .037 * .051 .039 * 

.0522 .037 * .049 .037 * 

.0477 .034 * .048 .035 * 

.0499 .040 * .047 .039 * 

.0500 .040 * .049 .040 * 

.0522 .042 * .051 .042 * 

unequall  mean ability 

M H T -- MHT + M H R- MHR+ 

.0622 * .039 * .137 **  .102 ** 

.0522 .032 * .076 **  .049 

.0499 .028 * .057 * .034 * 

.0866 **  .065 * .277 **  .242 ** 

.0566 * .040 * .104 **  .082 ** 

.0500 .035 * .061 * .044 * 

.1099 **  .092 **  .400 **  .370 ** 

.070**  .057*  .168**  .147** 

.0522 .042 * .077 **  .063 * 

.0588 * .035 * .117 **  .082 ** 

.0522 .031 * .075 * .049 

.0499 .028 * .055 .033 * 

.0788 **  .058 * .239 **  .198 ** 

.0599 * .041 * .097 **  .074 * 

.0511 .035 * .065 * .047 

.1100 **  .093 **  .368 **  .340 ** 

.0644 * .052 .146 **  .126 ** 

.0511 .040 * .072 * .058 * 
Note.. *: Type 1 error rate only meets the liberal criterion. 

** :: Type 1 error rate does not meet any of the two criteria. 

Inn using the total score (MHT— and M H T + ) this also held for the medium 

testt length (TL — 30) conditions. 

Forr both sample size ratios (SSR = 1 . 2) the Type 1 error rates in the 

unequall  mean ability conditions were very high when using the rest score 

( M H R -- and MHR+) for smaller test lengths (TL = 15, 30) and larger 

totall  sample sizes (TSS = 600, 1200). 

Thee number of times the Type 1 error rates of the MHT—, M H T + , 

MHR—— and MHR+ procedures satisfied the liberal criterion for robustness 

weree 32, 34, 24, and 27, respectively, of the total of 36 conditions. The num-

berr of times these same Type 1 error rates of the MHT—, MHT-j- , MHR— 

andd M H R+ procedures satisfied the stringent criterion for robustness are 

26,, 1, 18, and 3, respectively, of the total of 36 conditions. 

4.4.22 Robustness in th e D I F condi t ions 

Inn Table 4.4 the Type 1 error rates for the 20% DIF conditions are shown. 

Forr a small total sample size (TSS = 300) all Type 1 error rates met 

thee liberal criterion of robustness, except for the MHR— (rest score and 
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Tablee 4.4: Type 1 error rates in the 20% DIF condition: a = .05 

SSRR TSS TL 

11 300 15 
30 0 
60 0 

6000 15 
30 0 
60 0 

12000 15 
30 0 
60 0 

22 300 15 
30 0 
60 0 

6000 15 
30 0 
60 0 

12000 15 
30 0 
60 0 

equall  mean ability 

M H T -- MHT + MHR- MHR+ 

.0633 * .044 * .052 .036 * 

.0655 * .044 * .059 * .040 * 

.0644 * .042 * .065 * .043 * 

.085***  .065*  .105**  .084** 

.0811 **  .063 * .071 * .056 * 

.0799 **  .060 * .078 **  .060 * 

.1155 **  .099 **  .093 **  .081 ** 

.1133 **  .095 **  .103 **  .088 ** 

.113***  .096**  .099**  .086** 

.0633 * .041 * .059 * .041 * 

.0611 * .039 * .066 * .043 * 

.0633 * .040 * .061 * .040 * 

.0777 **  .058 * .062 * .045 

.0777 **  .058 * .081 **  .064 * 

.0766 **  .057 * .074 * .055 

.1088 **  .090 **  .087 **  .074 * 

.1122 **  .095 **  .104 **  .088 ** 

.1066 **  .090 **  .100**  .084 ** 

unequall  mean ability 

M H T -- MHT + M H R- MHR+ 

.0677 * .043 * .090 **  .062 * 

.0600 * .037 * .051 .030 * 

.0566 * .032 * .051 .028 * 

.0922 **  .072 * .172 **  .143 ** 

.0699 * .050 .057 * .041 * 

.0688 * .050 .050 .036 * 

.1255 **  .107 **  .222 **  .198 ** 

.0966 **  .079 **  .079 **  .066 * 

.0888 **  .072 * .054 .043 * 

.0644 * .039 * .082 **  .055 

.0600 * .035 * .051 .031 * 

.0611 * .034 * .057 * .032 * 

.0811 **  .060 * .137 **  .109 ** 

.0700 * .051 .059 * .043 * 

.0655 * .046 .049 .034 * 

.1222 **  .104 **  .232 **  .211 ** 

.0855 **  .069 * .068 * .053 

.0866 **  .070 * .057 * .044 * 
Note.. *: Type 1 error rate only meets the liberal criterion. 

** :: Type 1 error rate does not meet any of the two criteria. 

noo correction for continuity) procedure in the small test length (TL = 15) 

andd unequal mean ability conditions. Type 1 error rates were inflated in 

thee large total sample size (TSS = 1200) conditions, especially when the 

meann abilities in the two groups were equal, and for the MHT - (total 

scoree and no correction for continuity) procedure in case of unequal mean 

abilities.. For the other three procedures (MHT+, MHR- and MHR+) 

thee Type 1 error rates in the medium and large total sample size (TSS = 

600,, 1200) conditions, overall satisfied the liberal criterion for robustness 

forr unequal mean abilities of the two groups and larger test length (TL = 

30,, 60) conditions. 

Forr the DIF condition, the number of times the Type 1 error rates of 

thee MHT- , MHT+, MHR- and MHR+ procedures satisfied the liberal 

robustnesss criterion were 16, 27. 20, and 26, respectively, of the total of 

366 conditions. The number of times these same Type 1 error rates of 

thee MHT- . MHT+, MHR- and MHR+ procedures satisfied the stringent 

criterionn for robustness were 0, 4, 7, and 4, respectively, of the total of 36 

conditions. . 
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4.4.33 Power in the DI F conditions 

Detectionn rates calculated at the 1 percent nominal level of significance 

weree smaller than those at the 5 percent nominal level, but the resulting 

patternss of detection rates did not substantially differ. Therefore, only 

detectionn rates at the 5 percent nominal level of significance are reported. 

Inn Table 4.5 the detection rates for the 20% DIF conditions are presented. 

Tablee 4.5: Detection rates in 20% DIF condition; a = .05 

SSRR TSS 

11 300 

600 0 

1200 0 

22 300 

600 0 

1200 0 

TL L 

15 5 

30 0 

60 0 

15 5 

30 0 

60 0 

15 5 
30 0 
60 0 

15 5 

30 0 

60 0 

15 5 

30 0 

60 0 

15 5 

30 0 

60 0 

equall  mean ability 

M H T --

.301 1 

.228 8 

.217 7 

.424 4 

.434 4 

.406 6 

.674 4 

.652 2 

.645 5 

.217 7 

.211 1 

.204 4 

.412 2 

.358 8 

.372 2 

.633 3 

.629 9 

.604 4 

MHT ++ M H R-

.254 4 

.185 5 

.169 9 

.383 3 

.395 5 

.367 7 

.654 4 

.632 2 

.625 5 

.169 9 

.166 6 

.156 6 

.372 2 

.322 2 

.333 3 

.610 0 

.605 5 

.579 9 

.439 9 

.224 4 

.215 5 

.378 8 

.456 6 

.417 7 

.737 7 

.690 0 

.668 8 

.203 3 

.201 1 

.223 3 

.488 8 

.347 7 

.383 3 

.692 2 

.664 4 

.620 0 

MHR+ + 

.393 3 

.186 6 

.174 4 

.346 6 

.421 1 

.384 4 

.721 1 

.673 3 

.649 9 

.162 2 

.157 7 

.179 9 

.455 5 

.310 0 

.340 0 

.674 4 

.646 6 

.599 9 

unequall  mean ability 

M H T --

.271 1 

.233 3 

.181 1 

.449 9 

.379 9 

.340 0 

.593 3 

.572 2 

.552 2 

.221 1 

.195 5 

.156 6 

.386 6 

.342 2 

.298 8 

.551 1 

.526 6 

.507 7 

MHT + + 

.223 3 

.185 5 

.133 3 

.418 8 

.343 3 

.300 0 

.576 6 

.552 2 

.528 8 

.171 1 

.150 0 

.109 9 

.347 7 

.296 6 

.258 8 

.528 8 

.498 8 

.477 7 

M H R --

.537 7 

.386 6 

.250 0 

.781 1 

.607 7 

.455 5 

.913 3 

.806 6 

.701 1 

.436 6 

.297 7 

.213 3 

.713 3 

.493 3 

.412 2 

.888 8 

.780 0 

.628 8 

MHR+ + 

.485 5 

.329 9 

.192 2 

.763 3 

.567 7 

.413 3 

.905 5 

.793 3 

.678 8 

.368 8 

.239 9 

.161 1 

.683 3 

.448 8 

.364 4 

.876 6 

.759 9 

.628 8 

Note.. Detection rates within boxes belong to robust testing situations ac-
cordingg to the liberal robustness criterion. 

Overall,, for all procedures the detection rate decreased with test length, 

andd increased with total sample size. Furthermore, the detection rates for 

equall  sample sizes were higher than those for unequal sample sizes. 

Thee comparison of detection rates of two DIF tests within one cell of the 

designn was only legitimate when both tests were robust, because then both 

detectionn rates were accurate power estimates at the same nominal level of 

significance.. From the robustness results in the previous section it was clear 

thatt the MHT+ and the MHR+ procedures were robust in more conditions 

thann the other two procedures. The detection rates of the MHT+ and the 
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MHR4-- procedures, in case of robust testing conditions according to the 

liberall  robustness criterion for both procedures simultaneously, were the 

oness placed within boxes in Table 4.5. So for 24 of the in total 36 conditions 

(66.7%)) the detection rates of the M H T ++ and the MHR+ procedures could 

bee compared with one another. For 21 out of these 24 conditions (87.5%) 

thee detection rate was higher for the M H R+ procedure than for the M H T + 

procedure. . 

4.55 Discussion and recommendations 

Thee results of the present simulation study show that when the two-para-

meterr logistic model fits the data, the test statistic of the MH procedure 

iss robust and can be used for DIF detection only under specific conditions. 

Especiallyy in the conditions in which DIF is absent in the matching variable, 

thee total sample size is small to moderate, the mean abilities in the two 

groupss are equal, and the test length is medium to large, the MH test 

statist icc is robust according to the liberal robustness criterion and the Type 

11 error rate is not inflated. Under other circumstances the Type 1 error 

ratee of the MH test statistic can be too high and the MH procedure should, 

therefore,, be applied with caution. 

Thee detection rates found in this study are probably low due to the 

smalll  amount of DIF and are, therefore, not completely unsatisfactorily. 

Especially,, when the total sample size is large the detection rates reach a 

moree acceptable level. Under the same experimental conditions but with a 

mediumm or a large amount of DIF, the detection rates are expected to be 

higher. . 

Thee main interest in this study was in the comparison of the applicabil-

ityy of different variations of the MH procedure in realistic and complex DIF 

situations.. The aim of the simulation study was to give recommendations 

aboutt the adequate MH procedure to be used in particular research condi-

tions.. On the basis of the simulation results the following recommendations 

cann be given, which apply to situations in which the two-parameter logistic 

modell  fits the empirical data. 

First,, it is recommended to always use the MH procedure with the 
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correctionn for continuity. In general, the use of the correction for continuity 

controlss for Type 1 error inflation and keeps the Type 1 error rate more 

oftenn within the limit s of robustness. In the no-DIF conditions using the 

correctionn for continuity leads to a more conservative test. 

Second,, it is recommended to use the MH procedure with the rest score 

ass the matching variable for large test lengths, no matter how large the total 

samplee size and no matter the ratio of the sample sizes of the two groups. 

Thee Type 1 error rates calculated in the no-DIF condition of the M H T + 

andd the MHR-I- procedures for a large test length all satisfy at least the 

liberall  criterion for robustness. In the DIF condition, the Type 1 error rates 

off  these two procedures almost in any medium test length condition and in 

alll  large test length conditions satisfy the liberal criterion for robustness. 

However,, using the MH procedure with the correction for continuity and 

thee rest score as the matching variable yields a more powerful test. 

Finally,, it is recommended to use the tradit ional MH procedure with 

correctionn for continuity and the total score as the matching variable in 

casee of a small or a medium test length situation. In this situation, the 

Typee 1 error rate of the traditional MH procedure more often meets the 

criteriaa for robustness. 




