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Differential item functioning (DIF) analysis is a key component in the evaluation 

of fairness as a lack of bias in educational tests (AERA, APA, & NCME, 1999; Zwick, 

2012). This study compares two methods of defining groups for the detection of 

differential item functioning (DIF): (a) pairwise comparisons and (b) composite group 

comparisons. The two methods differ in how they implicitly define fairness as a lack of 

bias, yet the vast majority of DIF studies use pairwise methods without justifying this 

decision and/or connecting the decision to the appropriate definition of fairness. This 

study aims to emphasize and empirically support the notion that our choice of pairwise 

versus composite group definitions in DIF is a reflection of how we define fairness in 

DIF studies. In this study, a simulation was conducted based on data from a 60-item 

ACT Mathematics test (ACT,1997; Hanson & Beguin, 2002) . The Unsigned area 

measure (Raju, 1988) was utilized as the DIF detection method. Results indicate that 

the amount of flagged DIF was lower in composite comparisons than pairwise 

comparisons. The results were discussed in connection to the differing definitions of 

fairness. Practitioners were recommended to explicitly define fairness as a lack of bias 
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within their own measurement context, and to choose pairwise or composite methods in 

a manner that aligns with their definition of fairness. Limitations and suggestions for 

further research were also provided to the researchers and practitioner. 
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CHAPTER 1 
INTRODUCTION 

Studies on item bias were first undertaken in earnest in the 1960s (Holland & 

Wainer, 1993). These item bias studies were initially concerned with some particular 

cultural groups (e.g., Black, White, and Hispanics) to study the possible influence of 

cultural differences on item measurement properties (Holland & Wainer, 1993). In 

earlier years, test bias and item bias were the preferred terminology used in the studies. 

However, with increased studies, the new expression of differential item functioning 

(DIF) came into use (Osterlind & Everson, 2009). Formally, DIF exists in an item if 

“…test takers of equal proficiency on the construct intended to be measured by a test, 

but from separate subgroubs of the population, differ in their expected score on the 

item” (Roussos & Stout, 2004, p. 107, as cited in Penfield & Algina, 2006). That is, an 

item is said to be differentially functioning if the probability of a correct response is 

different for examinees at the same ability level but from different groups (Pine, 1977).  

It is necessary and important to assess for DIF in instruments because DIF is not only a 

form of possible measurement bias but also an ethical concern. 

DIF is an important part of understanding concerns related to test validity and 

fairness (Thurman, 2009). When test scores or test items create an advantage for one 

group over another, validity and test fairness are threatened (Kane, 2006; Messick, 

1988). Thus, DIF analysis is a key component in the evaluation of fairness as a lack of 

bias in educational tests (AERA, APA, & NCME, 1999; Zwick, 2012). 

DIF analyses compare item performance of subgroups, but the comparison is 

conditioned on the level of ability. The comparison of groups conditioned on ability is 

almost always done by comparing the groups directly to each other, which can be called 
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a pairwise comparison. The most common approach used by psychometricians is to 

define groups and then compare them directly using these pairwise comparisons. For 

example, if participants are defined as Black, White, or Hispanic, then one group is 

selected as a reference group to which other focal groups are compared. Historically, 

the reference group consists of individuals for which the test is expected to favor (e.g., a 

majority group such as Whites), and the focal groups consist of individuals that may be 

at risk of being disadvantaged by test items (e.g., minority groups such as Blacks and 

Hispanics) (Penfield & Camilli, 2007). Then, each focal group is directly compared to the 

reference group (e.g., Blacks compared to Whites, and Hispanics compared to Whites,). 

This approach is seen throughout the literature on DIF (Kanjee, 2007; Coffman&Belue, 

2009; Hidalgo&Pina, 2004; Penfield & Algina, 2006; Penfield & Camilli, 2007; Kim & 

Cohen, 1991; Guler & Penfield, 2009; Flowers et al., 1999; Woods, 2008; Hanson & 

Beguin, 2002; Kim & Cohen, 1995). However, Penfield (2001) states that multiple 

pairwise comparisons result in an increased Type 1 error rate and can prove to be very 

time consuming. 

A less common approach of composite group comparisons was introduced by 

Ellis and Kimmel (1992). In this approach, each individual group is compared to the 

population, which can be called a composite group.  After a thorough literature review, it 

appears that Ellis and Kimmel (1992) have been the only researchers who have 

conducted DIF analysis in this composite group manner.  However, it is important to 

note that  this approach to group comparisons is widely used in assessing equating 

invariance (Dorans & Holland, 2000), which is a form of testing for measurement 

invariance that focuses on the equated test level scores as opposed to the item level 
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focus of DIF analysis. When Ellis and Kimmel proposed this new method (1992), they 

argued that they did not imply that pairwise comparisons are unimportant or should not 

be used in DIF studies. Moreover, they claimed that the two methods answer two 

different questions and argued that pairwise comparisons enable us to draw 

conclusions about how one group differs from another group(s); however, their 

proposed method (composite group comparisons) enables us to answer a different 

question, that is, what is unique about a specific group’s response pattern compared to 

the population (Ellis & Kimmel, 1992). 

This study aims to emphasize and empirically support the notion that our choice 

of pairwise versus composite group definitions in DIF analysis affects the interpretation 

of results and reflects how we define fairness in DIF studies. In other words, the 

definition of fairness that is most of interest in a particular DIF investigation should 

determine if pairwise or composite group DIF methods should be utilized. Currently, 

there is no empirical comparison of these methods to guide researchers in making this 

choice, and there is no theoretical connection made between these different choices of 

group comparisons and the definition of fairness in measurement. While many 

researchers have compared the various methods of DIF detection (e.g., likelihood ratio 

tests, area measures, and contingency table approaches), no studies have focused on 

the approach toward defining and comparing groups during a DIF investigation. The 

main goal of this study is to examine whether the approach to defining groups for DIF 

comparisons impacts the magnitude and/or significance of detected DIF in items. It is 

hypothesized that the significance and effect size of the detected DIF will vary across 

pairwise and composite group comparisons. In addition, this study discusses how the 



 

16 

choice of these methods is connected to definitions of test fairness and draws some 

conclusions about which type of group comparison aligns best with the definition of 

fairness provided by the Standards for Educational and Psychological Testing (AERA, 

APA, NCME, 1999).  
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CHAPTER 2 
LITERATURE REVIEW 

Fairness 

Measurement fairness issues first came to attention in the 1960s after the Civil 

Rights Act (Osterlind & Everson, 2009). The main element of these regulations was 

related to racial concerns (Camilli, 2006). Then, issues related to fairness were included 

in the Standards for Educational and Psychological Tests. Three eminent professional 

organizations -the American Educational Research Association (AERA), the American 

Psychological Association (APA), and National Council on Measurement in Education 

(NCME) - worked jointly to develop the first version of the Standards for Educational 

and Psychological Testing in 1966 (Osterlind & Everson, 2009). Since 1966, the 

Standards were updated and three other versions were published in 1974, 1985, and 

1999. All editions have served as the authoritative source for test development and 

have been used by practitioners in the United States and in other countries in which 

national  standards have not been published (Oakland, 2004). The current edition 

(AERA, APA, & NCME, 1999) is the fourth iteration of these publications and is currently 

being revised; the fifth draft is scheduled for release in 2013.  

In the Standards (1999), fairness is elaborately discussed and handled under 

four subsections: (a) fairness as equitable treatment in the testing process, (b) fairness 

as opportunity to learn, (c) fairness as equality in outcomes of testing, and (d) fairness 

as a lack of bias.  

Equitable treatment refers to providing individuals equal opportunity to prepare 

for a test and ensuring all participants receive the same appropriate test conditions. 

According to the Standards (1999), “Regardless of the purpose of testing, fairness 
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requires that all examinees be given a comparable opportunity to demonstrate their 

standing on the construct(s) the test is intended to measure” (AERA, APA, & NCME, 

1999, p. 74). 

Fairness as opportunity to learn concerns the opportunity to learn the subject 

matter covered by the test content. It is exemplified in the Standards (1999) that when 

individuals have not had the opportunity to learn the subject matter, they most likely 

receive lower scores. The lower scores may have resulted in part from not having had 

the opportunity to learn the material. In such circumstances, reporting lower test scores 

for these individuals can be viewed seen as a problematic lack of fairness (AERA, APA, 

& NCME, 1999). 

Fairness as equality in outcomes of testing ensures that test score distributions 

are comparable across groups regardless of group membership. If test score 

distributions differ from one group to another, it is generally not desirable to use the test, 

particularly if other tests that do not suffer from this problem are available (AERA, APA, 

& NCME, 1999). However, outcome differences across groups do not necessarily 

indicate a lack of fairness (AERA, APA, & NCME, 1999). 

Fairness as a lack of bias, which is the main concern in this study, is handled as 

a technical term in the Standards (1999).  The Standards (AERA, APA, NCME, 1999) 

states, “[Fairness as lack of bias] is said to arise when deficiencies in a test itself or the 

manner in which it is used result in different meanings for scores earned by members of 

different identifiable subgroups” (p. 74). Furthermore, bias in measurement and 

predictive bias have been introduced by the Standards (1999), and comparing the 

pattern of association for different groups between test scores and external variables 
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was related to predictive bias (AERA, APA, NCME, 1999). On the other hand, bias in 

measurement is examined within the test scores and item responses of the test in 

question, which is an internal process of the test. Even though these two types of bias 

seem different from one another, researchers would never consider these alone when 

examining validity evidences (Camilli & Shepard, 1994). 

Fairness as a lack of bias is a moral concern in testing and test use (Holland & 

Wainer, 1993). Thus, even though absolute fairness is not possible, since it is directly 

related to validity of test scores, the maximum level of attention should be given to 

fairness as a lack of bias. In order to assess fairness as a lack of bias, item 

performance is tested via DIF. DIF methods compare item statistics across individuals 

belonging to different groups but with the same latent ability levels to make a conditional 

comparison of the performance of the groups. DIF provides results that assist with 

decisions about eliminating or revising items that perform differently across groups 

(Gipps & Murphy, 1994). Traditionally, when examining DIF, first of all, the group of 

individuals that is potentially expected to be affected unfairly (e.g., minority group) is 

selected and another group of individuals that is potentially expected to have an 

advantage (e.g., majority group) is compared to that group. Although this pairwise 

approach is a typical way to examine DIF, no one to date has inquired whether or not 

this is an appropriate approach to examine fairness as a lack of bias. 

In fact, group comparison choices in DIF have never been directly related to 

fairness as a lack of bias in the Standards. It may be that the pairwise approach does 

not always provide us with information about a true lack of fairness.  
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Item Response Theory 

Although classical test theory (CTT) has served test development well over 

several decades (Embretson & Reise, 2000) both psychometric theoreticians and 

practitioners have expressed some dissatisfied with CTT methodology (Baker, 1992). In 

1953, Dr. Frederic Lord (as cited in Hambleton & Jones, 1993) claimed that CTT 

focuses on true scores and observed scores, which are test dependent, and that latent 

ability scores have the advantage of being test independent. Then, Dr. Frederic Lord 

(Lord, 1980) asserted:  

“We must estimate examinee’s ability from any set of items that may be given to 

him and we must also know how effective each item in the pool is for measuring at each 

ability level. Neither of these things can be done by means of classical test theory” (p. 

12).  

Over the past several years, his claim has been echoed by several researchers 

and practitioners (see Loyd, 1988; Crocker & Algina, 1986; McKinley & Mills, 1989; 

Baker, 1992; Hambleton &Jones, 1993; Embertson & Reise, 2000; Brennan, 2011) and 

it was emphasized that under CTT examinee test scores will always depend on the 

selection of items in the task and test takers will always receive lower scores on harder 

tests and receive higher scores on easier tests despite the fact that their ability level 

remains constant over any tasks (Hambleton &Jones, 1993). Due to these concerns 

about CTT, item response theory (IRT) has rapidly become mainstream as the 

theoretical basis for measurement (Embretson & Reise, 2000, p. 3). 

IRT is a general statistical theory about examinee item and test performance and 

how item performance relates to the latent abilities that are measured by the items in 

the test (Hambleton & Jones, 1993). Lord (1980) claimed that when testing someone’s 
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ability, we must attempt to determine level of skills; in order to do this, the tester must 

figure out the relationship between the level of skills and their responses to a given item. 

This relationship is called an item response function or item characteristic curve (ICC). 

An ICC is the functional relationship between the probability of a given response 

to an item and a trait or ability level (θ) (Baker, 2000). The monotonicity assumption of 

IRT asserts that as ability level increases, the probability of success on an item 

increases. Figure D-1 shows an example ICC from an item modeled under the two 

parameter logistic model (2PL), which is a widely used IRT models. 

In IRT, there are several models for dichotomous (i.e., binary) test data. Models 

such as the Rasch model (Rasch, 1960), one-parameter logistic model (1PL) (Rasch, 

1960, 1980), 2PL (Lord & Novick, 1968), and three-parameter logistic model (3PL) 

(Birnbaum, 1968) were developed to estimate parameters of binary items and examinee 

abilities. Each model has some advantages over the others; however, the 2PL model is 

the focus of this study. According to Birnbaum (1968), the 2PL model defines the 

conditional probability of a correct response to item i (Xi = 1) as 

exp[ ( )]
( 1| )

1 exp[ ( )]

j i j

ij i

j i j

a b
P X

a b







 

 
 

(2-1) 

where P(Xij=1| θi) is the probability of a correct response on item j for individual i, 

θi is the latent trait ability level of individual i, aj is the discrimination parameter for item j, 

and bj is the difficulty parameter for item j. In this model, all items are defined by two 

parameters that are freely estimated across the items of the test, that of discrimination 

and difficulty. 
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History of Bias and DIF Studies 

Although item bias research appears to have begun in the early 1900s (Camilli & 

Shepard, 1994), little attention was given to issues of test fairness and item bias until 

the 1960s (Osterlind & Everson, 2009, p. 22). After the historic Civil Rights Act of 1964 

was enacted (Osterlind & Everson, 2009), the given attention to bias has increased. The 

focus in this regulation was bias in IQ tests because IQ tests were extensively used in 

educational decisions and for employee selection until the 1970s (Camilli & Shepard, 

1994). However, Jensen (1969) argued that IQ is determined mainly by genetic 

differences rather than environmental influences and he implied that when detecting 

biased items in tasks, considering the differences in IQ between blacks and whites 

without considering past discrimination is misleading (Jensen, 1969). Under such 

circumstances, it is quite likely that some items will be flagged as biased even if they 

are not, and some items will be flagged as unbiased even if they are (Holland & Wainer, 

1993). Although Jensen’s (1969) scientific claim gathered significant attention, 

arguments over the definition bias persisted over the years because some people 

defined it as a social concept while others defined it as a statistical concept (Holland & 

Wainer, 1993). Formally, in the social context, item bias is defined as a kind of invalidity 

that harms one group more than another (Shepard et all, 1984) and in the statistical 

context, an item is biased if equally able individuals, from different groups, do not have 

equal probabilities of answering the item correctly (Holland & Wainer, 1993, p. 4).  

Then, with increased studies, the term of differential item functioning (DIF) came into 

use (Holland & Wainer, 1993) and has become a common term among the researchers. 

DIF occurs when test takers from different demographic groups do not share the same 
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probability of answering an item correctly, even though they have been matched on the 

trait of interest (e.g., ability level) (Clauser & Mazor, 1998). 

Although the terms bias and DIF are sometimes used interchangeably, they are 

distinguished in the measurement literature. An item is biased if the performance on that 

given item is differentially difficult for two different group of examines because of some 

characteristic of the item in the test that is irrelevant to the purpose of the test (Zumbo, 

1999). The presence of DIF is required for an item to be bias, but it is not sufficient for 

determining bias. It means that detecting DIF in an item does not necessarily imply that 

the item has bias (Lord, 1980). For example, when two different cultural groups are 

being compared in linguistic comparisons, it is most likely that some items will show DIF 

but not be considered bias or unfair to use (Alderman & Holland, 1981). Thus, it should 

be noted that DIF investigations should be examined from a sensible perspective that 

acknowledges the difference between DIF and item bias (Osterlind & Everson, 2009).   

Over the years, many researchers have made valuable contributions to the DIF 

literature and have developed many methods to detect DIF (see Jensen, 1969; Lord, 

1980; Holland & Wainer, 1993; Crocker & Algina, 1986; Camilli & Shepard, 1994; Kim et 

all, 1995; Dorans & Holland, 2000; Penfield & Algina, 2006; Osterlind & Everson, 2009). 

Importance of Detecting DIF 

There is a broad consensus among researchers that validity is the most 

important element in any research (AERA, APA, & NCME, 1999). However, it is 

impossible to examine validity itself without considering other issues such as fairness 

and DIF because, as emphasized before, DIF, validity, and fairness issues are linked 

(Gipps & Murphy, 1994). DIF indicates a possible threat to test validity and test fairness. 

In other words, the investigation of DIF in instruments is a way of examining the validity 
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and fairness evidence in educational tests. Thus, especially in high stakes tests, 

practitioners consider the presence of DIF to be a significant problem for accurate and 

fair measurement. Cole and Moss (1989) stated that if there is bias in test items, it can 

be concluded that the test is not equally valid for different groups (Cole & Moss, 1989). 

In such circumstances, although some researchers believe that bias has little impact on 

validity (Roznowski & Reith, 1999, Zumbo, 2003), many researchers think that test 

items create an advantage for one group over another (see, Pae & Park, 2006, Penfield 

& Algina, 2006, Osterlind & Everson, 2009) and interpretation of test scores is 

inappropriate when these advantages are present (Gipps & Murphy, 1994). Hence, 

although a completely DIF-free test is a rare occurrence, it is known that the number 

and magnitude of DIF items should be examined and the test should be refined as 

necessary (Messick, 1988). Otherwise, it can be said that the test does not accurately 

measure the same construct for different groups. 

IRT-Based DIF Detection Methods 

A variety of IRT DIF detection methods have been introduced in the field of 

psychometrics. Three such methods from the last three decades are the likelihood ratio 

test (Penfield & Camilli, 2007), area measures (Raju, 1988) and Lord’s chi-square test 

(Kim, S. & Cohen, A., 1995). However, there is still a debate on which method is more 

powerful for detection of DIF in item performance studies. Several studies were 

conducted to investigate the relative performance of these methods for DIF detection. 

Some researchers suggested using the likelihood ratio test to evaluate the significance 

of observed differences between two groups (see Thissen, Steinberg, & Gerrad, 1986; 

Thissen, Steinberg & Wainer, 1988; Kim & Cohen, 1995). Moreover, it was seen as an 

advantage of the area measure method that it is easier to compute and requires less 
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sample size than the likelihood ratio method and Lord’s chi-square.. However, it seems 

the likelihood ratio test is preferred over other IRT-based DIF detection methods (Kim & 

Cohen, 1995). On the other hand, its limitation is that it can be an extremely time 

consuming procedure if the number of items to test is large. This can be particularly 

problematic in simulation studies in which thousands of data sets are being generated. 

However, some researchers agree that these three methods give close results in 

DIF detection procedure. Kim and Cohen (1995) conducted a study comparing Lord’s 

chi-square, Raju’s area measures, and the likelihood ratio test on detection of DIF and 

found that concerning error rates and power, these three methods provide very similar 

DIF detection results. 

Area Measures 

 This method was first introduced by Raju in 1988, and estimates DIF via the 

area between two ICCs, one for each of the two groups being compared (Raju, 1988). 

In Figure D-2, the shaded area between two ICCs displays a visual representation of 

how area measures define DIF. Raju’s concern was to determine whether or not this 

area is significantly large. In some cases, it can be determined by “eyeballing” the 

differences and making a reasonable judgment, but a more accurate method is to use 

some test statistics (Osterlind & Everson, 2009).  

Much research has been done on area measure DIF methods, and the signed 

area (SA) and the unsigned area (UA) methods (Raju, 1988) were proposed over a 

bounded (closed) interval or an open (exact) interval on the θ scale (Cohen & Kim, 

1993). 

 Raju (1988) defined the SA as: 
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 ( 1| , ) ( 1| , )SA P Y G R P Y G F d  


     


 

(2-2) 

In this equation, P(Y=1) is the probability of answering an item correct, and G is 

the group membership (e.g., reference or focal). Assuming that the c parameter is 

invariant across groups (which would always be the case in a 2PL or 1PL model), the 

equation can be estimated by 

(1 )( )F RSA c b b  

 
(2-3) 

This formula can be used under the assumption of invariant c parameters, even 

those cases where a parameters are not invariant across the groups (Raju, 1988). In 

this case, it can be said that SA formula examines DIF in b (difficulty) parameters 

(Osterlind & Everson, 2009). However, when a parameters are not invariant across the 

groups, using SA is misleading (Penfield & Camilli, 2007). To address this issue, Raju 

(1988) suggested the UA method and defined it as follows (Raju, 1988): 

( 1| , ) ( 1| , )UA P Y G R P Y G F d  


     


 

(2-4) 

The UA integral (Equation 2-4) differs from the SA integral (Equation 2-2) in that 

the UA integral has the absolute value symbol and so, it always produces 

mathematically positive effect sizes. Therefore, DIF that favors one group at a particular 

ability level cannot be cancelled out by DIF that favors the other groups at a different 

ability level. The UA formula can be used when c parameters are invariant across the 

groups; however, there is no any analytic solution of the integrals when c parameter 

varies across groups.  
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Implementing area measures methodology requires separate calibrations of the 

item parameters in each reference and focal groups (Kim & Cohen, 1995). Under 

pairwise comparisons, one would estimate the item parameters from the reference 

group and the focal group and then directly compare the resultant group-level ICCs. 

Under composite group comparisons, one would estimate the item parameters for each 

group separately and also for the composite group. Then, one would utilize Equation 2-

4 to estimate the area between each group’s ICC and the composite group ICC. 

Likelihood Ratio Test 

According to Osterlind and Everson (2009), “the likelihood ratio test approach 

compares the log likelihood when a particular test item’s parameters are constrained to 

be invariant for the reference and focal groups with the likelihood when the parameters 

of the same studied item are allowed to vary between the reference and focal groups” 

(p. 50). Thissen, Steinberg, and Wainer (1993) define the likelihood ratio test as 

2 ( )
2ln

( )

L A
G

L C

 
  

   

(2-5) 

where L(C) represents a model in which both groups are constrained to have the 

same item parameters, and L(A) represents a model in which item parameters of the 

item that is being tested for DIF are free to vary across the groups. G2 is distributed 

approximately as a chi-square variable with degrees of freedom equal to the difference 

in the number of parameters between the two models. In Equation 2-5, the L(C) model 

is calibrated across the overall population; thus, we can argue that, by nature, the 

likelihood ratio test is a form of composite group comparison approach, although the 
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results from this analysis would look different from the composite group approach used 

in the methodology of this study.  

Lord’s Chi-square Test(X2) 

Another method is Lord’s chi-square method, or differences in item parameters 

procedure. This method is calculated by contrasting b parameters. Lord (1980) defined 

the following formula;  

 

(2-6) 

where  is the standard error of the difference between the  

parameter estimates for the reference and focal groups (Lord, 1980) and calculated as: 

 

(2-7) 

However, when the 2PL or 3PL model is of interest, the difference in b 

parameters might be a misleading estimate of DIF. In this case, Lord (1980) suggested 

that a chi-square test of the simultaneous differences between a and b parameters may 

be a more appropriate test for DIF. Thus, the following formula (Lord, 1980) is computed 

as  

' ( , )R F R FV a a b b  

 
(2-8) 

and the test statistic can be computed as: 

2 ' 1

LX V S V

 
(2-9) 
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Where S represents the estimated variance-covariance matrix of the between-

group difference in a and b parameter estimates. When using Equation 2-6, if R and F 

are calculated across only two specific groups from a set of groups, it reflects a pairwise 

comparison approach. However, if R and F are calculated such that the focal group is 

a single group and the reference group includes all examines, it reflects a composite 

group approach. Thus, we can argue that Lord’s chi-square test can be used in both 

pairwise and composite group comparison approaches, as seen in Ellis and Kimmel ’s 

(1992) study.  

Non-IRT DIF Detection Methods 

Non-IRT based DIF detection methods such as the Mantel-Haenszel method 

(Mantel, Haenszel, 1959) and the logistic regression method (Swaminathan & Rogers, 

1990) are also arguably popular in DIF studies. In fact, because of computational ease 

the Mantel-Haenszel (MH) statistic has previously been cited as the most widely used 

method to evaluate DIF (Clauser & Mazor, 1998). The logistic regression method is less 

commonly used in DIF studies, yet it is thought to be more powerful than the MH 

statistic (Hidalgo & Pina, 2004). 

Mantel-Haenszel 

The Mantel-Haenszel method was first introduced by Nathan Mantel and William 

Haenszel (1959), but further developed by Holland and Thayer (1988). This approach 

utilizes contingency tables to compare the item performance of groups who were 

previously matched on ability level (Hidalgo & Pina, 2004). The MH procedure is based 

on a chi-square distribution and involves the creation of K  x 2 x 2 chi square 
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contingency tables, where K is the number of ability level groups and the 2 x 2 tables  

represent the frequency counts of correct and incorrect responses for each of two 

groups (Zwick, 2012). Table C-1 shows an example of 2x2 contingency table. 

MH calculations begin with an odds ratio of p/q, where p indicates the odds of a 

correct response to an item and 

  1q p 

 
(2-10) 

Then, an odds ratio in the MH statistic (αMH) (Mantel & Haenszel, 1959), which 

expresses a linear association between the row and column variables in the table 

(Osterlind & Everson, 2009), is calculated  as 

/

/

K K K
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a d N
k

b c N
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(2-11) 

where ak and ck  represent the number of examinees who answered item k 

correct in the reference and focal group, respectively, bk and dk represent the number of 

examinees who answered item k incorrect in the reference and focal group, and NK  is  

the total number of participants within kth score level. However, it is difficult to interpret 

the αMH statistic (Osterlind & Everson, 2009). Thus, the MH D-DIF index was introduced 

by Holland and Thayer (1988) and is defined as 

2.35ln( )D DIF MHMH   

 
(2-12) 

For those who prefer using the MHD-DIF statistic, researchers from the 

Educational Testing Service (ETS) provided item categories as labeled A, B, and C 

items.  Based on the ETS classification, items with absolute values of MHD-DIF < 1 

indicate small, negligible DIF and are classified as “A” items. Items with absolute values 
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of 1 <MHD-DIF <1.5 indicate moderate DIF and are classified as “B” items. Items with 

absolute values of MHD-DIF ≥ 1.5 indicate large DIF and are classified as “C” items 

(Zwick, 2012). Zwick and Ercikan (1989) pointed out that A and B items can be used in 

the tests but C items will be selected only if they are necessary to achieve test 

specifications (Zwick & Ercikan, 1989). However, these types of decisions are always 

dependent on the particular test use. 

Although MH method is very effective even when the sample size is small, MH 

contingency table approaches assume group independence. In other words, based on 

the contingency table, the examinee groups being compared must be independent 

groups. Thus, pairwise methods can be used with the MH procedure because a given 

examinee is in only one of the groups being compared. However, a composite group 

approach would violate this assumption of the statistical tests underlying the MH 

procedure. 

Logistic Regression 

 The logistic regression method was developed by Swaminathan and 

Rogers (1990) and is based on a probability function that is estimated by methods of 

maximum likelihood. This approach is a model based procedure and models a nonlinear 

relationship between the probability of correct response to the studied item and the 

observed test score (Penfield & Camilli, 2007). The general equation of the logistic 

regression can be expressed as 

exp( )
( 1 , )

1 exp( )

z
P Y X G

z
 


 

(2-13) 
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 where X is the observed test score, G is the group membership (dummy 

coded) and z is 

( )
0 1 2 3

z X G XG      

 
(2-14) 

 
where β0 is the intercept and represents the probability of a response category 

when X and G are equal to zero; β1 is the ability regression coefficient associated with 

the total test score; β2 is the coefficient for the group variable; and β3 is the interaction 

coefficient (Swaminathan & Rogers, 1990). In the case that β2=β3=0, the null hypothesis 

of no DIF is retained, and in the case of β2≠0 or β3≠0, the null hypothesis of no DIF is 

rejected (Guler & Penfield, 2009). 

When there are only two groups, G is assigned a value of 0 for the focal and 1 for 

the reference group. In the three group case, two dummy coded variables are needed in 

which two focal groups are compared to one reference group. One dummy variable 

compares one of the focal groups to the reference group and the other dummy variable 

compares the other focal group to the reference group.  As can be seen, the logistic 

regression DIF detection method is, by nature, a pairwise comparison. 

Pairwise and Composite Group Comparisons in DIF Analysis 

Over the past three decades, much research has been conducted on DIF. 

However, as explicitly explained before, DIF analysis routinely compares two groups to 

each other, known as a pairwise comparison (see Liu & Dorans, 2013; Ellis & Kimmel, 

1993; Yildirim & Berberoglu, 2009; Fidalgo et al, 2000; Ankenmann et al, 1999; Penfield 

& Algina, 2006; Guler & Penfield, 2009; Flowers et al, 1999; Woods, 2008). In fact, even 

if there were more than two groups of concern in a DIF analysis, the most commonly 
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used approach is to select a reference group, define  each of the other groups as focal 

groups, and compare each focal group directly and independently to the reference 

group (see Kim & Cohen, 1995; Penfield, 2001). In this approach and under an area 

measure DIF method, the group-level item parameter estimates are compared directly 

to each other, none of which are used in operational practice. Although the pairwise 

approach is extensively used, it is criticized in terms of low power, high Type I error, and 

time consuming (Penfield, 2001).  

Another approach of composite group comparisons is less commonly used in DIF 

studies (Liu & Dorans, 2013). In this approach, each individual group is compared to the 

population, which can be called a composite group. For example, if a variable 

categorizes examinees into three groups (e.g., Black, White, and Hispanic), when using 

an area measure approach item parameter estimates calibrated using only the data 

from Black participants are compared to item parameter estimates calibrated using the 

entire population of participants (including Black, White, and Hispanic participants). The 

item parameter estimates based on the whole population are considered to be the 

operational item parameters as these parameters would be used to estimate reported 

scores in practice. Figure D-3 shows a conceptual model of the two types of group 

comparisons explored in this study. 

As noted above, the pairwise approach is done such that one group is chosen as 

a reference group, and all other groups are compared to that reference group. For 

example, focusing on the top part of Figure D-3, if group 1 is chosen as the reference 

group, then the top two pairwise comparisons in Figure D-3 would be used, but the 

bottom pairwise comparison (i.e., Group 2 to Group 3) would be omitted from the 
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analysis. Omitting the pairwise comparison between group 2 and group 3 can be 

thought of as a limitation of the pairwise approach in multiple group DIF studies. 

Ellis and Kimmel (1992) have been the only researchers (to this author’s 

knowledge) who have conducted DIF analysis in the composite group manner. In their 

study, they investigated the presence of DIF among American, French and German 

students by selecting each group as a focal group and the full population (i.e., the 

composite groups) as the reference group. They used Lord’s chi-square DIF detection 

method (Equation 2-9) for all composite group comparisons. The concern in their study 

was to examine omni-cultural differentiation and to find the relations between each 

group and the population. In contrast, the concern in this study is with respect to how 

one defines fairness in measurement. Figure D-4 displays how pairwise and composite 

group comparisons define area measure DIF. 

As can be inferred from Figure D-4, the amount of flagged DIF is expected to be 

smaller in some composite group comparisons than in some pairwise comparisons. 

However, this will not always be the case.  For example, when there are three groups in 

a DIF analysis, it is quite possible that two groups will have very similar ICCs and one 

group’s ICC could be specified by very different item parameters. In such 

circumstances, the operational ICC will be closer to some groups than others. Thus, the 

amount of flagged DIF will be smaller in a pairwise comparison between two similar 

groups than it will be in a composite group comparison between the population and a 

group that is quite different from that population. Figure D-5 displays a visual example of 

this possible situation. 
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The main goal for both pairwise and composite group DIF comparisons is to 

examine test items for fairness as a lack bias. However, it can be argued that the two 

approaches are evaluating different types of lack of bias that align with different 

definitions of fairness. In pairwise group comparisons, fairness is achieved if the 

function for one group on an item is the same relative to other groups (i.e., comparing 

group-level functions to each other). In composite group comparisons, fairness is 

achieved if the function for one group on an item is the same relative to the function 

based on the composite group (i.e., the function used in operational practice). Within 

this framework, a question is begged: “How do we define fairness as a lack of item 

bias?” As indicated before, the definition of interest for a particular DIF investigation 

should determine if pairwise or composite group DIF methods should be utilized.  

The Standards (AERA, APA, NCME, 1999) provides definitions of fairness that 

are to permeate the field of educational measurement and drive decisions about how 

fairness is defined. Therefore, it is appropriate to connect the definition of fairness in the 

Standards (AERA, APA, NCME, 1999) to the choice of group definition in DIF analysis. 

The Standards (AERA, APA, NCME, 1999) states, “[Fairness as lack of bias] is said to 

arise when deficiencies in a test itself or the manner in which it is used result in different 

meanings for scores earned by members of different identifiable subgroups” (p. 74). 

According to this definition, it can be argued that we are concerned with the scores that 

students receive based on the operational item characteristic curves (ICCs), as this 

would be the score that a student “earned” and that we want to have the same meaning 

across groups. This aligns with comparing group level ICCs to operational ICCs, which 

aligns with the definition of composite group comparisons. 
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Furthermore, it is emphasized in many chapters of the Standards (1999) that test 

scores are used to monitor individual student performance as well as to evaluate or 

compare the level of the students’ performance to other reference groups (AERA, APA, 

& NCME, 1999). While this is referring to unconditional group differences (e.g., mean 

differences on tests), the language could be used to support the notion that pairwise 

comparisons in general are important. On the other hand, the Standards state that 

many decisions, especially in high stake tests, such as pass/fail or admit/reject, are 

made based on the full population of examinees taking the test (AERA, APA, & NCME, 

1999). These statements about fairness suggest that student success is determined by 

test scores resulting from calibrations that include all examinees, and therefore issues 

of fairness as a lack of bias should relate to test responses that are compared to a 

composite group rather than to a single, reference group of individuals. Thus, different 

concerns of a particular type of fairness would call for different methods of group 

comparisons in a DIF study. To date, pairwise is the default method used in DIF studies 

(Liu & Dorans, 2013). This study examines whether or not this choice has an impact on 

the results of a DIF analysis. If the results are different for the different types of group 

comparisons, then a more informed decision must be made with respect to the 

concerns of fairness on a particular test and the choice of pairwise or composite group 

comparisons. 

Advantages to using a composite group approach in DIF studies  

There are several potential benefits to using composite group approaches over 

pairwise approaches. First, for example, if it is found that Hispanic students are 

disadvantaged by some items, this disadvantage may not hold over different gender 

groups, for example Hispanic females and Hispanic males (Liu & Dorans, 2013). 
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However, composite group comparisons in which each group is compared to the 

population can more easily allow for a fine-tuned definition of groups based on more 

than one grouping variable. For example, one could easily compare Hispanic females to 

the composite group of all examinees. In a pairwise comparison, one is left wondering 

who and appropriate reference group is for Hispanic females. 

Second, some have stated that it is problematic to consistently compare groups 

in a manner that requires defining one particular group as a reference to which all other 

groups are to be compared (APA, 2009). For example, choosing White examinees as a 

reference for all other non-White examinees has an underlying value statement about 

fairness that is not always readily supported outside of a particular person’s value 

perspective. Composite group comparisons, by nature, overcome this problem; the 

reference group always consists of all examinees rather than a chosen group.  

Third, while examinees receive test scores based on parameters that are 

calibrated on the composite group of examinees, the pairwise approach only compares 

one group’s parameter estimates to another group’s estimates, ignoring the parameter 

estimates from the composite group calibration. Composite group comparisons can 

overcome this third problem. The item parameters used for operational test 

development purposes are used as reference parameters to which groups are 

compared. 

Fourth, the composite group approach allows for a separate DIF estimate for 

each group. For example, we can talk about the fairness as a lack of bias for females, 

without having to refer to a reference group.  This makes it easier on practitioners to 

determine which groups might have bias problems in their reported scores. In pairwise 
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comparisons, particularly when there are four or more groups, one has to look through 

many pairs of results (e.g., Black vs. White, Hispanic vs. Black, Hispanic vs. White, 

Black vs. Asian, Hispanic vs. Asian, etc…) to try to figure out the overall nature of group 

differences. Not only can it be difficult to determine this nature, but one is also left with 

several results for each group (e.g., there are three DIF effects for Hispanics in the 

above example). Of course one can select a reference group to minimize the 

comparisons, but the sacrifice is that the overall nature of group differences in the item 

is lost because all differences are relative to a single reference group (e.g., you would 

not directly compare Hispanics and Asians if the reference group is Blacks). 

Conversely, when using composite group approaches, a single DIF effect is estimated 

for each group and directly answers the question: “Is the group different from the overall 

item parameters used for calibrating reported scores?” 

Fifth, as mentioned previously, running multiple DIF tests results in an increased 

Type 1 error rate (Penfield, 2001). When a variable groups examinees into 4 or more 

groups, the number of pairwise comparisons needed to complete a DIF analysis on this 

variable is greater than the number of composite group comparisons. While composite 

group comparisons cannot overcome the problem of Type 1 error rate accumulation, 

they can reduce it relative to pairwise comparisons. The amount of relative reduction in 

Type 1 error rate increases as the number of groups being compared increases. 
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CHAPTER 3 
OBJECTIVES AND RESEARCH QUESTIONS  

Researchers and practitioners tend to use pairwise comparisons in DIF analysis 

without considering other options, but this study will provide researchers and 

practitioners with detailed information on the effects of their choice of defining groups for 

DIF analysis. The results will contribute to the field of educational measurement by 

empirically examining the effect of defining groups on DIF detection, which is a unique 

contribution to the literature. As a result, researchers and practitioners will better 

understand how the definition of their groups has an impact on their DIF analysis, as 

well as some empirical evidence for choosing the most appropriate method of defining 

group comparisons for their DIF studies.  

Furthermore, although the purpose of DIF detection in instruments is to achieve 

fairness as a lack of bias, the type of achieved fairness that comes about from pairwise 

DIF analysis has never been discussed in the literature, nor in The Standards (1999). In 

this study, the definition of fairness is elaborately discussed in the pairwise and 

composite group comparison framework. Also, the definitions of fairness as lack of bias 

achieved by these two approaches are compared to each other and to the definition of 

fairness as defined by Standards for Educational and Psychological Testing (AERA, 

APA, NCME, 1999).  

A simulation study is utilized to examine the differences in pairwise and 

composite group DIF results under different sets of test conditions. In this simulation 

study, data is generated such that DIF is introduced into one test item on a 60 item test. 

The data from that test is subsequently analyzed with both pairwise and composite 

group approaches to the UA DIF detection method. Differences in true b parameters are 
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introduced across all conditions, and the magnitude and statistical significance of 

detected DIF is compared across pairwise and composite group approaches under UA 

methodology. This study will address the following research questions: 

1. Does the number of groups in a DIF analysis differentially impact the ability of 
pairwise and composite group comparisons to detect DIF? 

2. Does the magnitude of true b parameter differences between groups differentially 
impact the ability of pairwise and composite group comparisons to detect DIF?  

3. Does the nature of true b parameter differences between groups (i.e., all groups 
are different from each other versus a single group is different from all other 
groups) differentially impact the ability of pairwise and composite group 
comparisons to detect DIF? 
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CHAPTER 4 
RESARCH DESIGN AND METHOD 

This chapter consists of three subsections: (a) data generation, (b) simulation 

conditions, and (c) data analysis. The data generation section includes the general 

descriptions for the test and simulation design. The simulation conditions section 

includes the factors manipulated in the study. The data analysis section describes the 

methods that were used to analyze the simulated data. 

Data Generation 

A 2PL IRT model (Birnbaum, 1968) was used for data generation (see Equation 

2-1) in R version 2.15.1 (R Development Core Team, 2012). The item parameters used 

in this simulation study were based on estimated item parameters from the 1997 ACT 

Mathematics test that were used in a previous study on obtaining a common scale for 

item responses using separate versus concurrent estimation in the common item 

equating design. (Hanson & Beguin, 2002). Aligned with Hanson and Beguin (2002), the 

true item parameters of 60 dichotomous items were used to generate item response 

data for 60 dichotomous items used in this study. True ability parameters (θ) were 

randomly sampled from a normal distribution of N(0,1), and the difficulty parameters 

were selected from a distribution of N(0.11,1.11) (based on estimated item parameters 

of the 1997 ACT test). The discrimination parameters were generated from a random 

uniform distribution and ranged from min(a)=0.42 to max(a)=1.88 (again, based on 

estimated parameters of the 1997ACT test). There were 37 unique conditions and in 

each condition, 100 replications were performed which resulted in 3700 datasets in the 

study. First, the null condition was specified based on the ACT Mathematics test 
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estimated parameters.  Then, other data sets were generated for each condition of the 

study. 

Study Design Conditions 

Number of Groups 

Each data set was generated with respect to 3, 4, or 5 groups that were to be 

compared in the DIF analysis. A sample size of 500 examinees, which is adequate 

sample size for power rates in UA DIF methods (see Kim & Cohen, 1991;Cohen & Kim, 

1993; Holland & Wainer, 1993), was created within all subgroups. The manipulation of 

the number of groups factor addresses research question one. 

Magnitude of true b parameter differences  

The magnitude of true b parameter differences was manipulated in this study. 

Each condition of the study had a test item in which either small, moderate, or large true 

b parameter differences were introduced into the true group-level item difficulty 

parameters. The manipulation of this factor addressed research question two. A lack of 

invariance in difficulty parameters was the focus of this study because previous 

research has shown that difficulty parameters (b) have a higher correlation with ability 

parameters (θ), as compared to discrimination parameters (a) and pseudo guessing 

parameters (c) (Cohen & Kim, 1993). Furthermore, it was found that in real test 

administrations, statistically significant DIF was usually due to group differences in b 

parameters (e.g., Smith & Reise, 1998; Morales et al., 2000; Woods, 2008) whereas 

significant DIF was only sometimes found in a parameters (Morales et al., 2000, Woods, 

2008). Also, DIF in b parameters has been stated to be the primary concern in many 

DIF studies (see Cohen & Kim, 1993, Santelices & Wilson, 2011, Ankenman et al., 

1999; Flowers et al., 1999; Fidalgo et al., 2000).  
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The size of true b parameter differences was closely determined according to the 

ETS classifications of pairwise DIF effects (Zwick, 1993, and 2012). As previously 

explained, this classification places items into three categories (i.e., A items, B items, 

and C items). Based on the ETS classification scheme, the magnitude of differences in 

b parameters across the reference and the focal groups are defined as follows. 

( ) 0.43b b
F R
                Small DIF (A items) 

0.43 ( ) 0.64b b
F R

  
    Moderate DIF (B items) 

( ) 0.64b b
F R
 

     Large DIF (C items) 

However, not all researchers follow this guidance when specifying magnitudes of 

b-parameter differences. For example, Shepard, Camilli and Williams (1985) used a 

difference of .20 and .35 in the b-parameter to manipulate small and moderate group 

parameter differences, respectively (Shepard et al., 1985). Moreover, Zilberberg et al. 

(n.d.) used a difference of .45 and .78 in the b-parameters to represent moderate and 

large group parameter differences, respectively. In this study, a difference of either bF – 

bR =0.3, bF – bR =0.6, or bF – bR =0.9 was introduced between b parameters to 

represent small, moderate, and large group parameter differences, respectively.  

Furthermore, the magnitude of true b parameter differences was manipulated so 

as to be the maximum amount of b parameter differences between any of the pairs of 3, 

4, or 5 groups. Therefore, the magnitude of true b parameter differences served as 

controlling the maximum size of group parameter differences in any given condition. 

Therefore, the magnitude of the true b parameter differences is more aptly stated as 

defining conditions of small or less DIF, moderate or less DIF, or large or less DIF. This 
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was necessary due to factor 3 in this study, and one can refer to Table A-1 to better 

understand this definition of magnitude of DIF. 

Nature of group differences in b parameters 

As illustrated in Figure D-5, when there are more than two groups, it is quite 

possible that some groups will have very similar ICCs but some groups’ ICCs could be 

specified by very different b parameters (see Ellis & Kimmel, 1993, and Kim & Cohen, 

1995). Otherwise stated, the nature of the group differences in b parameters is not 

always consistent. Thus, to take this situation into account two factors were created and 

named as “all groups differ in b parameters” and “one group differs in b parameter”. 

These types of b parameter differences were varied to address research question 3.  

Table A-1 describes the way that b parameter differences were introduced into 

true item parameters for both of the factors. For all data sets classified as “all groups 

differ in b parameters” the magnitudes of small, moderate, or large true b parameter 

differences were spread among the subgroups. For all data sets classified as “one 

group differs in b parameters”, the magnitude of small, moderate, or large b parameter 

differences was only added to the last subgroup, and the remaining subgroups were 

specified as having the same b parameters. 

Data Analysis 

The 2Pl model (Lord & Novick, 1968) (see Equation 2-1) was used for data 

calibration. Raju’s UA method (Raju, 1988) (see Equation 2-4) was used for all DIF 

analyses under all possible pairwise and composite group defining approaches. This 

was completed with the difR package (Magis et. all, 2013) in R version 2.15 (R 

Development Core Team, 2012). This method calculates the unsigned area between 

two item characteristic curves for the reference and focal groups with an integral and 
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gives the effect size associated with this area (see Equation 2-4). The magnitude of DIF 

is then determined based on the effect size.  . In all pairwise comparisons in this study, 

the lower coded subgroup within a pair was always selected as the reference group. In 

all composite group comparisons, the subgroups were always selected as the focal 

group, and the composite group was selected as the reference group.  

Each research question in the study focuses on comparing the effect size and 

statistical significance of DIF detected between the two approaches of group definitions 

(e.g, pairwise and composite). First, the effect size of detected DIF was averaged over 

the 100 trials in each condition. Next, the percentage of 100 trials in each condition that 

resulted in statistically significant DIF for item 1 was calculated. Both the average effect 

size for each condition and the percentage of statistically significant DIF for each 

condition were compared across the pairwise and composite group approaches. 
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CHAPTER 5 
RESULTS 

This chapter includes the results of the simulation design described in chapter 4 

and has two main subsections. The results of all conditions classified as “all groups 

differ in b parameters” are presented first, and the results of all conditions classified as 

“one group differs in b parameters” are presented second. The results of the average 

DIF effect sizes, and of the percentage of significance under the pairwise and 

composite group defining methods were provided for three, four and five groups in each 

subsection.  

Results of the All Conditions Classified as All Groups Differ in b Parameters 

3 Group Results 

Based on the pairwise comparisons for 3 groups under the condition of small true 

b parameter differences, the average effect size of UA = 0.19, UA = 0.16, and UA = 

0.19 were found in the comparison of group 1 versus group 2, group 1 versus group 3, 

and group 2 versus group 3, respectively. Moreover, 4%, 8%, and 6% of trials showed 

significant DIF effects in these pairwise comparisons. Pairwise comparisons indicated 

that each group displayed a small amount of DIF relative to each of the other groups. 

When the composite group approach was used under the same conditions (e.g., small 

true b parameter differences, 3 groups), the average effect size of UA = 0.19, UA =0.09, 

and UA =0.19 were found in the comparison of group 1 versus population, group 2 

versus population, and group 3 versus population, respectively. Furthermore, 12%, 1%, 

and 15% of trials showed significant DIF effects in these composite group comparisons. 

Composite comparisons indicated that all three groups had small DIF, but one group 

showed significantly less problematic DIF than the other two groups. Please see Table 
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B-1 for the detected DIF effects and the percentages of statistical significance, and see 

the left side of the Figure D-6 for the visual representation of these effect sizes.  

When the magnitude of moderate true b parameter differences was introduced 

across the groups, the average effect size of UA =0.32, UA =0.65, and UA =0.33 were 

found in the comparison of group 1 versus group 2, group 1 versus group 3, and group 

2 versus group 3, respectively. Furthermore, 2%, 56%, and 0% of trials showed 

significant DIF effects in these pairwise comparisons. In this condition, pairwise 

comparisons showed one pair of groups (group 1 compared to group 3) as having more 

problematic DIF than the other groups. When the composite group comparison 

approach was used under the same conditions (e.g., moderate true b parameter 

differences, 3 groups), the average effect sizes of UA =0.33, UA =0.10, and UA =0.32 

were found in the comparison of group 1 versus population, group 2 versus population, 

and group 3 versus population, respectively. Additionally, 88%, 2%, and 81% of trials 

showed significant DIF effects in these composite group comparisons. Composite group 

methods indicated groups 1 and 3 as being more problematic with DIF concerns than 

group 2. This is a similar finding to pairwise approaches. Table B-2 provides the effect 

size values and the percentage of statistically significance and these DIF effects are 

shown in the left side of the Figure D-6. 

Lastly, when large magnitude of true b parameter differences were spread across 

the groups, the average effect size of UA =0.50, UA =0.97, and UA =0.47 were found in 

the comparison of group 1 versus group 2, group 1 versus group 3, and group 2 versus 

group 3, respectively. Additionally, 59%, 95%, and 60% of trials showed significant DIF 

effects in these pairwise comparisons. However, when composite group comparison 
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approach was used as a group defining method under the same conditions (e.g., large 

true b parameter differences, 3 groups) the average effect size of UA=0.48, UA=0.10, 

and UA=0.49 were found in the comparison of group 1 versus population, group 2 

versus population, and group 3 versus population, respectively. Moreover, 99%, 1%, 

and 100% of trials showed significant DIF effects in these composite comparisons. In 

this large magnitude, the composite group method clearly showed groups 1 and 3 as 

having problematic DIF, but the pairwise approach showed some problems with all of 

the pairs. The left side of Figure D-6 shows the effect sizes, and Table B-3 summarizes 

these effects sizes and the percentage of statistically significance. 

4 Group Results 

Based on the pairwise comparisons for 4 groups under the condition of small true 

b parameter differences, average effect sizes of UA=0.15, UA=0.24, UA=0.34, 

UA=0.13, UA=0.21, and UA=0.12 were found in the comparison of group 1 versus 

group 2, group 1 versus group 3, and group 1 versus group 4, group 2 versus group 3, 

group 2 versus group 4, and group 3 versus group 4, respectively. Moreover, 3%, 1%, 

6%, 4%, 2%, and 1% of trials showed significant DIF effects in these pairwise 

comparisons. Thus, the pairwise approach showed all pairs as having small, negligible 

amounts of DIF. When the composite group comparison approach was used under the 

same condition (e.g., small true b parameter differences, 4 groups,), average effect 

sizes of UA =0.17, UA =0.07, UA =0.08, and UA =0.16 were found in the comparison of 

group 1 versus population, group 2 versus population, group 3 versus population, and 

group 4 versus population, respectively. Additionally, 2%, 2%, 1%, and 0% of trials 

showed significant DIF effects in these composite group comparisons. Similar to the 

pairwise approach, the composite group approach indicated negligible amounts of DIF 
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for all groups. Please see Table B-4 for effect size and percentage of significance effect 

sizes and left side of the Figure D-7 for visual representation of these effect sizes. 

 Also, when the magnitude of moderate true b parameter differences were 

introduced across the groups, average effect sizes of UA=0.21, UA=0.43, UA=0.65, 

UA=0.23, UA=0.44, and UA=0.22 were found in the comparison of group 1 versus 

group 2, group 1 versus group 3, and group 1 versus group 4, group 2 versus group 3, 

group 2 versus group 4, and group 3 versus group 4, respectively. Moreover, 0%, 21%, 

91%, 4%, 35%, and 3% of trials showed significant DIF effects in these pairwise 

comparisons. When the composite group comparison approach was used as a group 

defining method under the same conditions (e.g., moderate true b parameter 

differences, 4 groups,), average effect sizes of UA=0.32, UA=0.12, UA=0.13, and 

UA=0.33 were found in the comparison of group 1 versus population, group 2 versus 

population, group 3 versus population, and group 4 versus population, respectively. 

Additionally, 5%, 4%, 2%, and 21% of trials showed significant DIF effects in these 

composite group comparisons. In this condition, composite group methods showed 

groups 1 and 4 having more problematic DIF than other groups, but pairwise methods 

showed several problematic pairwise comparisons that involved combinations of groups 

1, 3 and 4. Table B-5 summarizes the effect sizes and the percentage of significance 

associated with these effect sizes and the left side of the Figure D-7 visually represents 

these effect sizes. 

Lastly, when the magnitude of large true b parameter differences were spread 

among the groups, average effect sizes of UA =0.33, UA =0.66, and UA =1.00, UA 

=0.32, UA =0.67, and UA =0.34 were found in the comparison of group 1 versus group 
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2, group 1 versus group 3, and group 1 versus group 4, group 2 versus group 3, group 2 

versus group 4, group 3 versus group 4, respectively. Moreover, 0%, 85%, 100%, 4%, 

97%, and 2% of trials showed significant DIF effects in these pairwise comparisons. 

When the composite group approach was used under the same conditions (e.g., large 

true b parameter differences, 4 groups), average effect sizes of UA=0.50, UA=0.19, 

UA=0.20, and UA=0.51 were found in the comparison of group 1 versus population, 

group 2 versus population, group 3 versus population, and group 4 versus population, 

respectively. Furthermore, 69%, 12%, 11%, and 97% of trials showed significant DIF 

effects in these composite group comparisons. In this condition, composite group 

comparisons flagged groups 1 and 4 whereas pairwise comparisons flagged three 

pairwise comparisons that involved groups 1, 3, 2 and 4. Please see Table B-6 for the 

effect size and percentages and see the left side of the Figure D-7 for visual 

representation of these effect sizes. 

5 Group Results 

Based on the pairwise comparisons for 5 groups under the condition of small true 

b parameter differences, the average effect size of UA=0.40, UA=0.42, UA=0.47, 

UA=0.49, UA=0.37, UA=0.38, UA=0.41, UA=0.36, UA=0.38, and UA=0.37 were found in 

the comparison of group 1 versus group 2, group 1 versus group 3, group 1 versus 

group 4, group 1 versus group 5, group 2 versus group 3, group 2 versus group 4, 

group 2 versus group 5, group 3 versus group 4, group 3 versus group 5 , and group 4 

versus group 5, respectively. Moreover, the 15%, 22%, 28%, 50%, 12%, 24%, %39, 

%13, 24%, and 16% of trials showed significant DIF effects in these pairwise 

comparisons. When the composite group comparison approach was used under the 

same conditions (e.g., small true b parameter differences, 5 groups,), the average effect 
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size of UA =0.31, UA =0.24, UA =0.22, UA =0.25, and UA =0.27 were found in the 

comparison of group 1 versus population, group 2 versus population, group 3 versus 

population, group 4 versus population, and group 5 versus population respectively. 

Additionally, the 23%, 11%, 5%, 11%, and 31% of trials showed significant DIF effects 

in these composite group comparisons. Under this condition, pairwise and composite 

group methods showed similar results of all groups having small, often negligible 

results. Please see Table B-9 for the effect sizes and percentages and see the left side 

of the Figure D-8 for the visual representation of these effect sizes.  

When the magnitude of moderate true b parameter differences were introduced 

across the groups, average effect sizes of UA =0.36, UA =0.41, UA =0.55, UA =0.67, 

UA =0.35, UA =0.47, UA =0.54, UA =0.38, UA =0.43, and UA =0.37 were found in the 

comparison of group 1 versus group 2, group 1 versus group 3, group 1 versus group 4, 

group 1 versus group 5, group 2 versus group 3, group 2 versus group 4, group 2 

versus group 5, group 3 versus group 4, group 3 versus group 5 , and group 4 versus 

group 5, respectively. Furthermore, 15%, 45%, 78%, 88%, 17%, 51%, %77, %26, 53%, 

and 15% of trials showed significant DIF effects in these pairwise comparisons. When 

the composite group comparison approach was used under the same conditions (e.g., 

moderate true b parameter differences, 5 groups), average effect sizes of UA=0.35, 

UA=0.26, UA=0.21, UA=0.27, and UA=0.36 were found in the comparison of group 1 

versus population, group 2 versus population, group 3 versus population, group 4 

versus population, and group 5 versus population, respectively. Additionally, 68%, 21%, 

8%, 25%, and 70% of trials showed significant DIF effects in these composite group 

comparisons. In this condition, composite methods showed groups 1 and 5 as being 
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more problematic, whereas pairwise methods flagged multiple pairs, in which each of 

the five groups was present in at least one of the pairs. Please see Table B-8 for the 

effect sizes and percentages, and see left side of the Figure D-8 for the visual 

representation of these effect sizes.  

Lastly, when the magnitude of large true b parameter differences was spread 

among the groups, average effect sizes of UA=0.43, UA=0.56, UA=0.81, UA=0.99, 

UA=0.43, UA=0.61, UA=0.78, UA=0.46, UA=0.57, and UA=0.42 were found in the 

comparison of group 1 versus group 2, group 1 versus group 3, and group 1 versus 

group 4, group 1 versus group 5, group 2 versus group 3, group 2 versus group 4, 

group 2 versus group 5, group 3 versus group 4, group 3 versus group 5 , and group 4 

versus group 5, respectively. Also, 27%, 73%, 94%, 100%, 36%, 81%, %98, %33, 73%, 

and 29% of trials showed significant DIF effects in these pairwise comparisons. When 

the composite group comparison approach was used under the same conditions (e.g., 

moderate true b parameter differences, 5 groups), average effect sizes of UA=0.51, 

UA=0.33, UA=0.22, UA=0.35, and UA=0.50 were found in the comparison of group 1 

versus population, group 2 versus population, group 3 versus population, group 4 

versus population, and group 5 versus population, respectively. Additionally, 96%, 47%, 

8%, 55%, and 92% of trials showed significant DIF effects in these composite group 

comparisons. In this condition, composite methods showed groups 1 and 5 as having 

DIF concerns, whereas pairwise comparisons showed all pairwise comparisons as 

having DIF concerns. Table B-9 summarizes the effect sizes and the percentages of 

statistically significance, and left side of the Figure D-8 shows visual representation of 

these DIF effects. 
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Results of the All Conditions Classified as One Group Differs in b Parameters 

3 Group Results 

In the comparison of group 1 versus group 2, group 1 versus group 3, and group 

2 versus group 3 under the condition of small true b parameter differences, the pairwise 

comparisons resulted in average effect sizes of UA = 0.10, UA = 0.27, and UA = 0.32, 

respectively. Moreover, 2%, 0%, and 2% of trials showed significant DIF effects in these 

pairwise comparisons. When the composite group approach was used under the same 

conditions (e.g., small true b parameter differences, 3 groups), average effect sizes of 

UA=0.12, UA =0.13, and UA =0.20 were found in the comparison of group 1 versus 

population, group 2 versus population, and group 3 versus population, respectively. 

Zero percent of trials showed significant DIF effects in all composite group comparisons. 

Recall that in these remaining conditions, the last group’s b parameter was specified as 

variant to the other groups’ b parameters, which were invariant to each other. In this 

particular condition of small true b parameter differences, both pairwise and composite 

methods indicated no meaningful amount of DIF for any of the groups. Both the 

detected effect size values and the percentage of statically significance were presented 

in Table B-10, and these DIF effects were visually presented in the right side of the 

Figure D-6. 

In the condition with a moderate magnitude of true b parameter differences 

introduced to the last group of three, average effect sizes of UA=0.10, UA=0.61, and 

UA=0.60 were found in the comparison of group 1 versus group 2, group 1 versus group 

3, and group 2 versus group 3, respectively. Furthermore, 2%, 8%, and 9% of trials 

showed significant DIF effects in these pairwise comparisons. In the composite group 

comparison of group 1 versus population, group 2 versus population, and group 3 
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versus population, average effect sizes of UA=0.22, UA=0.21, and UA=0.40 were found, 

respectively. Additionally, 1%, 0%, and 0% of trials showed significant DIF effects in 

these composite group comparisons. The methods converged in that composite 

comparisons flagged that group 3 had a larger area between its ICC and the composite 

group ICC, while pairwise methods indicated that group 3 had problematic DIF in 

relation to the other two groups. Please see Table B-11 for the effect size and 

percentage of significance, and see the right side of the Figure D-6 for the visual 

representation of these DIF effects. 

Lastly, in the case of a large magnitude of true b parameter differences added to 

the last group, average effect sizes of UA=0.11, UA=0.91, and UA=0.89 were found in 

the comparison of group 1 versus group 2, group 1 versus group 3, and group 2 versus 

group 3, respectively. Additionally, 1%, 30%, and 30% of trials showed significant DIF 

effects in these pairwise comparisons. Average effect sizes of UA=0.31, UA=0.30, and 

UA=0.61 were found in the comparison of group 1 versus population, group 2 versus 

population, and group 3 versus population, respectively. Moreover, 2%, 2%, and 1% of 

trials showed significant DIF effects in these composite comparisons, respectively. Both 

pairwise and composite comparisons were able to flag that group 3 had problematic 

DIF, with the pairwise indicating this by relating group 3 to the other two groups.  Table 

B-12 summarizes the effect sizes and the percentage of statistically significance 

indices, and right side of the Figure D-6 shows these DIF effects.  

4 Group Results 

When the pairwise comparisons were used under the condition of small true b 

parameter differences, average effect sizes of UA=0.17, UA=0.17, UA=0.32, UA=0.17, 

UA=0.35, and UA=0.33 were found in the comparison of group 1 versus group 2, group 
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1 versus group 3, and group 1 versus group 4, group 2 versus group 3, group 2 versus 

group 4, and group 3 versus group 4, respectively. Moreover, 0%, 1%, 3%, 1%, 3%, 

and 3% of trials showed significant DIF effects in these pairwise comparisons. These 

pairwise results showed negligible amounts of DIF across the groups. When the 

composite group comparison approach was used as a group defining method in the 

comparison of group 1 versus population, group 2 versus population, group 3 versus 

population, and group 4 versus population, average effect sizes of UA =0.11, UA =0.12, 

UA =0.12, and UA =0.22 were found, respectively. Additionally, 3%, 1%, 2%, and 0% of 

trials showed significant DIF effects in these composite group comparisons, 

respectively. In this condition with small true b parameter differences, both composite 

and pairwise methods showed negligible amounts of DIF across the groups. Please see 

Table B-13 for the effect sizes and percentage of significances, and see right side of the 

Figure D-7 for the visual representation of these DIF effects. 

 Also, when the magnitude of moderate true b parameter differences was 

introduced to the last group, average effect sizes of UA=0.16, UA=0.18, UA=0.65, 

UA=0.17, UA=0.64, and UA=0.65 were found in the comparison of group 1 versus 

group 2, group 1 versus group 3, and group 1 versus group 4, group 2 versus group 3, 

group 2 versus group 4, and group 3 versus group 4, respectively. Moreover, 0%, 1%, 

9%, 1%, 5%, and 5% of trials showed significant DIF effects in these pairwise 

comparisons. Pairwise comparisons involving group 4 had larger effect sizes than other 

pairwise comparisons, but statistical significance showed few flags of this group 4 

problem. When composite methods were used, group four had a larger effect size than 

all other groups and more data sets showed a statistically significant effect for this 



 

56 

group. Specifically, average effect sizes of UA=0.19, UA=0.19, UA=0.18, and UA=0.51 

were found in the comparison of group 1 versus population, group 2 versus population, 

group 3 versus population, and group 4 versus population, respectively. Additionally, 

5%, 6%, 7%, and 20% of trials showed significant DIF effects in these composite group 

comparisons. In this condition, composite comparisons flagged that group 4 had a 

larger area between its ICC and the composite group ICC. Table B-14 summarizes the 

effect sizes and the percentage of statistically significances and the right side of Figure 

D-7 visually shows these DIF effects.  

Lastly, when the magnitude of large true b parameter differences were added to 

the last group, average effect sizes of UA=0.17, UA=0.18, UA=1.01, UA=0.16, UA=0.98, 

and UA=0.99 were found in the comparison of group 1 versus group 2, group 1 versus 

group 3, and group 1 versus group 4, group 2 versus group 3, group 2 versus group 4, 

group 3 versus group 4, respectively. Moreover, 1%, 1%, 67%, 0%, 51%, and 58% of 

trials showed significant DIF effects in these pairwise comparisons. When each group 

was compared to the population, average effect sizes of UA=0.27, UA=0.26, UA=0.26, 

and UA=0.78 were found in the comparison of group 1 versus population, group 2 

versus population, group 3 versus overall population, and group 4 versus population, 

respectively. Furthermore, 11%, 12%, 16%, and 98% of trials showed significant DIF 

effects in these composite group comparisons, respectively. In this condition, when 

group 4 was compared to the other groups, pairwise comparisons showed high DIF 

effects, and the composite group method clearly showed only group 4 as having 

problematic DIF. Please see Table B-15 for these effect sizes and the percentage of 
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statistically significance, and see the right side of the Figure D-7 for the visual 

representation of these DIF effects. 

5 Group Results 

When the pairwise comparisons were used under the condition of small true b 

parameter differences, average effect sizes of UA=0.10, UA=0.09, UA=0.09, UA=0.33, 

UA=0.09, UA=0.09, UA=0.33, UA=0.09, UA=0.33, and UA =0.32 were found in the 

comparison of group 1 versus group 2, group 1 versus group 3, and group 1 versus 

group 4, group 1 versus group 5, group 2 versus group 3, group 2 versus group 4, 

group 2 versus group 5, group 3 versus group 4, group 3 versus group 5 , and group 4 

versus group 5, respectively. Moreover, 3%, 4%, 1%, 11%, 1%, 1%, %13, %3, 12%, 

and 8% of trials showed significant DIF effects in these pairwise comparisons. When 

each group was compared to the population, the average effect size of UA=0.09, 

UA=0.09, UA=0.08, UA=0.08, and UA=0.26 were found in the comparison of group 1 

versus population, group 2 versus population, group 3 versus population, group 4 

versus population, and group 5 versus population respectively. Additionally, 1%, 1%, 

1%, 0%, and 6% of trials showed significant DIF effects in these composite group 

comparisons. In this condition, when group 5 was compared to the other groups, which 

resulted in 4 pairwise comparisons, the pairwise comparisons detected high DIF effects. 

Similarly, composite group comparisons showed only group 5 as having problematic 

DIF.  Table B-16 summarizes all effect sizes and the percentage of statistically 

significance for both methods, and the right side of Figure D-8 visually shows these DIF 

effects.  

Also, when the magnitude of moderate true b parameter differences  was added 

to the last group, average effect sizes of UA=0.10, UA=0.10, UA=0.09, UA=0.66, 
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UA=0.10, UA=0.10, UA=0.65, UA=0.09, UA=0.65, and UA=0.66 were found in the 

comparison of group 1 versus group 2, group 1 versus group 3, and group 1 versus 

group 4, group 1 versus group 5, group 2 versus group 3, group 2 versus group 4, 

group 2 versus group 5, group 3 versus group 4, group 3 versus group 5 , and group 4 

versus group 5, respectively. Furthermore, 8%, 7%, 3%, 86%, 8%, 5%, %92, %5, 87%, 

and 92% of trials showed significant DIF effects in these pairwise comparisons. When 

each group was compared to the population, average effect sizes of UA=0.14, UA=0.15, 

UA=0.14, UA=0.15 and UA=0.52 were found in the comparison of group 1 versus 

population, group 2 versus population, group 3 versus population, group 4 versus 

population, and group 5 versus population, respectively. Additionally, 5%, 6%, 3%, 1%, 

and 85% of trials showed significant DIF effects in these composite group comparisons. 

Again, in this condition, both pairwise and composite group comparisons isolated group 

5 as having DIF concerns. Please see Table B-17 for the effect size and the percentage 

of the statistically significance, and see the right side of Figure D-8 for the visual 

representation of these DIF effects.  

Lastly, when the magnitude of large true b parameter differences  was added to 

the last group, average effect sizes of UA=0.09, UA=0.09, UA=0.09, UA=0.99, UA=0.09, 

UA=0.09, UA=1.00, UA=0.09, UA=0.99, and UA=0.98 were found in the comparison of 

group 1 versus group 2, group 1 versus group 3, and group 1 versus group 4, group 1 

versus group 5, group 2 versus group 3, group 2 versus group 4, group 2 versus group 

5, group 3 versus group 4, group 3 versus group 5 , and group 4 versus group 5, 

respectively. Also, 4%, 2%, 3%, 100%, 1%, 7%, %100, %5, 100%, and 100% of trials 

showed significant DIF effects in these pairwise comparisons. On the other hand, when 
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each group was compared to the population, average effect sizes of UA=0.21, UA=0.22, 

UA=0.21, UA=0.21, and UA=0.80 were found in the comparison of group 1 versus 

population, group 2 versus population, group 3 versus population, group 4 versus 

population, and group 5 versus population, respectively. Additionally, 10%, 14%, 9%, 

11%, and 99% of trials showed significant DIF effects in these composite group 

comparisons. In this condition, both methods showed isolated problematic DIF concerns 

to group 5 comparisons. Please see Table B-18 and Figure D-8 for these effect sizes 

and the percentage of statistically significance results. 
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CHAPTER 6 
CONCLUSIONS AND DISCUSSIONS 

The main purpose of the study was to examine the impact of two methods of 

defining group comparisons in DIF detections: pairwise and composite group 

comparisons. A simulation study was conducted to answer the three research 

questions. Research question 1 asked whether the number of the groups affects the 

detection of DIF differentially for pairwise versus composite group approaches. This 

factor was manipulated because two group cases (e.g., base and second group) is 

almost always used in DIF studies, however, multiple group comparisons are frequently 

desirable (Penfield, 2001). Research question 2 asked whether the magnitude of true b 

parameter differences differentially affected DIF detection under composite versus 

pairwise approaches.  Lastly, research question 3 asked whether the nature of the b 

parameter differences (i.e., all groups are different from each other versus a single 

group is different from all other groups that are the same) has a differential impact on 

the ability of pairwise versus composite group comparisons to detect DIF. This factor 

was manipulated to examine the impact of the nature of differences in b parameters 

because in many circumstances, DIF does not systematically spread among the groups. 

(see Ellis & Kimmel, 1992; Kim et al, 1995; Penfield, 2001).  

The results showed that pairwise and composite method results differed across 

the nature of true b parameter differences factor. When one group was different in true 

b parameters by a moderate or large magnitude, both methods flagged the group of 

concern, but just in a different way (e.g., see Table B-17). Under pairwise methods, 

every pair that included the group of concern was flagged, so a practitioner would easily 

be able to interpret that the last group had problematic concerns for fairness. Under the 
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composite group methods, the group of concern was flagged through its group-specific 

DIF effect. So even though the DIF estimates from the methods are different because 

they are comparing different groups, a researcher or practitioner would draw the same 

conclusions regardless of the choice between pairwise and composite. However, this 

was not the case in conditions in which the true b parameter differences were spread 

amongst the groups. 

Differences between the results of pairwise and composite methods were found 

across many conditions that had all groups differing in their true b parameters. For 

example, when there were small true b parameter differences, both pairwise and 

composite methods led to similar interpretations (i.e., that there is no DIF). The effect 

sizes and percentage of statistical significance do have some differences between the 

two methods, with the most consistent difference being that effect sizes are smaller for 

composite. However, the interpretation from a practitioner standpoint would be similar 

across these two methods. 

When the differences in true b parameters were moderate or large, different 

conclusions were often drawn between the pairwise and composite methods. For 

example, Table B-3 shows that when the true b parameter differences were large 

across three groups, pairwise methods indicated some problems for all of the pairs 

which would lead a practitioner to interpret that all groups have some concerns. If one 

was concerned with group-to-group invariance, this would be an appropriate 

interpretation of DIF. However, Table B-3 also shows that when true b parameter 

differences were large across three groups, composite methods indicated that group 1 

and group 3 had DIF concerns, but not group 2. The interpretation is different as 
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compared to pairwise, but it is more appropriate if one is concerned with individual 

groups being invariant to the operational item parameters.  

This is just one example of when moderate to large b parameter differences 

resulted in different interpretations between pairwise and composite approaches. In 

these cases, it is critical to make an informed decision about which method to use, 

because the results of the DIF study will differ. More importantly, researchers do not 

know the nature of true b parameter group differences in their observed data. It is quite 

possible that there are some moderate to large parameter differences that are spread 

across more than two groups on a few items. Therefore, it is always important to make 

an informed choice between pairwise and composite methods. This study also showed 

that one reason to consider using composite approaches is because of the ease in 

interpretation. For example, Table B-6 shows that pairwise comparisons flagged groups 

1, 3, 2, and 4 in various pairwise sets. However, if one looks at pairs without problems, 

these include groups 1, 2, 3, and 4. In other words, all four groups are invariant to some 

groups and not invariant to others. So how does one decide where the problem lies? 

Which groups are being disadvantaged? A researcher could reduce the number of 

pairwise comparisons by using a single reference group, but the reference group she/he 

chooses will determine whether other groups are considered to be advantaged or 

disadvantaged. In such cases, researchers will only be able to interpret DIF between 

the reference group and focal groups and won’t be able to interpret DIF problems 

among the other groups that are selected as the focal group. If that is a concern, it is 

better to use composite comparison approach which will result in less number of 

comparisons. Composite comparisons make the group and direction of advantage very 
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clear. In Table B-6 it is shown that group 1 and group 4 are not invariant to the 

operational item parameters, while groups 2 and 3 are invariant to these parameters. 

Looking at item parameters indicates that group 1 is advantaged (i.e., smaller b 

estimate than composite b estimate) and group four is disadvantaged (i.e., larger b 

estimate than composite b estimate). When there are many groups, this can be an 

advantage of composite group comparisons. 

As mentioned before, when only one group was different in true b parameters, 

both comparison methods flagged the differentiated group as having more DIF concerns 

than the other groups (see Table B-10 through B-18). However, pairwise methods 

achieved this with many more comparisons than composite group methods. Therefore, 

the composite group comparisons are less time consuming and have a lower familywise 

Type 1 error rate. 

If this study had found that pairwise and composite methods provided the same 

interpretations about DIF in all conditions, then it isn't very important for practitioners to 

carefully choose between pairwise and composite. But this study showed that the 

methods do not always provide the same results. Therefore, it is important for 

practitioners to determine what one is trying to measure and how one defines fairness 

as a lack of bias on their assessment. If the practitioner wants to know if two groups are 

invariant to each other, then they should use pairwise methods. If the practitioner is 

interested in whether or not the operational item parameters are invariant to individual 

groups, they should use the composite group approach. There are a variety of methods 

that can be adapted to both pairwise and composite approaches. For example, this 

study demonstrated a composite group approach with the UA method. Also, Lord's chi-
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square is easily adapted to composite group approaches (Ellis & Kimmel, 1992). 

Therefore, methods are currently available for the less commonly used composite group 

approach, so there are no methodological barriers to using this approach. 

  More importantly, using the composite group approach in appropriate situations 

can be theoretically and practically justified. This approach is arguably aligned with 

the Standards definition of fairness as a lack of bias (which does not necessarily 

preclude an argument that both pairwise and composite group are aligned with this 

definition of fairness). Again, The Standards (AERA, APA, NCME, 1999) states, 

“[Fairness as lack of bias] is said to arise when deficiencies in a test itself or the manner 

in which it is used result in different meanings for scores earned by members of different 

identifiable subgroups” (p.74). This definition suggests that fairness should be defined 

as all groups being the same relative to overall population, which aligns with the 

definition of fairness defined by composite group approach. To be sure, some analysis 

and assessment conditions can easily justify pairwise approaches (e.g., one can answer 

research questions about direct group comparisons; groups being compared are 

independent allowing the use of standard contingency table approaches to DIF 

analysis). This study does not argue against pairwise comparisons, as the composite 

and pairwise methods are different rather than correct/incorrect. Rather, this study 

simply makes the case that the two methods can provide different interpretations of DIF 

results, that practitioners can decide on which to use based on definitions of fairness, 

and that the uncommon approach of composite group comparisons has many 

advantages and should deserve more consideration in future DIF studies. 
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CHAPTER 7 
LIMITATIONS AND FURTHER RESEARCH 

This study has some limitations. The first limitation is that simulated data was 

used to detect DIF rather than operational test data. Also, the 2PL model was used to 

generate and calibrate data in this study, but future research could replicate this study 

using other models, such as the 3PL model which additionally employs a pseudo-

guessing (c) item parameter. Moreover, DIF in this study was introduced by changing 

the item difficulty parameters of only 1 item, which is not realistic. Often times, more 

than one item in a test will display some DIF concerns. The study only examined DIF in 

b parameters. However, future studies should examine how defining groups for DIF 

studies has an impact on detection of DIF in a parameters. Moreover, this study 

examined percentage of iterations within conditions that flagged statistically significant 

DIF. However, similar to studies looking at Type 1 error rates, it would most likely be 

more appropriate to do this with 1,000 iterations rather than 100. 

Furthermore, only the UA method was utilized for DIF detections. However, other 

detection methods should be used to test the conditions, and to see the impact of group 

defining method on DIF effect magnitude and interpretation. Some researchers strongly 

believe that the Mantel-Haenszel procedure is the most powerful method in DIF 

detection studies (Langer et al., 2008). However, Mantel-Haenszel method assumes 

independent groups and disallows us to use it in composite group comparisons.  But, 

other methods such as likelihood ratio test  that are not really classified as pairwise or 

composite can overcome concerns of composite/pairwise comparisons in that the 

method has its own unique way of performing group comparisons could also be 

investigated. 
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 Lastly, it is strongly recommend that this study be replicated with different group 

ratios instead of equal group sample sizes because in real test situations, unequal 

sample sizes are a frequent occurance. It was found that when group size ratio 

(reference/focal) is different than one (i.e., unequal group size), Type 1 error rate is 

negatively affected (Awuor, 2008). Gierl, et al., (2001) suggested that the difference in 

sample size for reference and focal groups should be controlled because as it 

increases, power decreases, and it becomes difficult to detect items that function 

differentially. Moreover, Wyse and Mapuranga (2009) showed that when the difference 

in sample size is very large, results in DIF detection studies produce low power even 

when the groups have adequate sample size. Thus, we believe that having unequal 

sample sizes for the reference and focal groups will affect detected effect sizes in both 

pairwise and composite group comparisons. However, it is important to note that by 

nature it is impossible to have equal group sizes in composite group, which calls for 

future research in this area. It should also be mentioned that when doing composite 

group comparisons, weighting groups within some DIF methods may be necessary, as 

is seen in many considerations of detecting equating invariance. 
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APPENDIX A 
THE TRUE b PARAMETER DIFFERENCES 

Table A-1.  True item difficulty parameters across the groups 
   All groups differ in b parameters  One group differs in b parameters 

   Small Moderate Large  Small Moderate Large 

 

3 

Groups 

G1  b1=b*-.15 b1=b*-.3 b1=b*-.45  b1=b* b1=b* b1=b* 

G2  b2=b*-0 b2=b*-0 b2=b*-0  b2=b* b2=b* b2=b* 

G3  b3=b*+.15 b3=b*+.3 b3=b*+.45  b3=b*+.3 b3=b*+.6 b3=b*+.9 

          

 

 

4 

Groups 

G1  b1=b*-.15 b1=b*-.3 b1=b*-.45  b1=b* b1=b* b1=b* 

G2  b2=b*-.05 b2=b*-.1 b2=b*-.15  b2=b* b2=b* b2=b* 

G3  b3=b*+.05 b3=b*+.1 b3=b*+.15  b3=b* b3=b* b3=b* 

G4  b4=b*+.15 b4=b*+.3 b4=b*+.45  b4=b*+.3 b4=b*+.6 b4=b*+.9 

          

 

 

5 

Groups 

G1  b1=b*-.15 b1=b*-.3 b1=b*-.45  b1=b* b1=b* b1=b* 

G2  b2=b*-.075 b2=b*-.15 b2=b*-.225  b2=b* b2=b* b2=b* 

G3  b3=b*-0 b3=b*-0 b3=b*-0  b3=b* b3=b* b3=b* 

G4  b4=b*+.075 b4=b*+.15 b4=b*+.225  b4=b* b4=b* b4=b* 

G5  b5=b*+.15 b5=b*+.3 b5=b*+.45  b5=b*+.3 b5=b*+.6 b5=b*+.9 

b*= The true item difficulty parameter that was sampled for the particular condition  
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APPENDIX B 
SIMULATION RESULTS 

 
Table B-1.  Effect size and percentage of statistically significant results: 3 groups, small 

true b DIF, and all groups differ 
Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.19 4 

Group 1 vs Group 3 0.19 8 

Group 2 vs Group 3 0.19 6 

Group 1 vs Population 0.19 12 

Group 2 vs Population 0.09 1 

Group 3 vs Population 0.19 15 
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Table B-2.  Effect size and percentage of statistically significant results: 3 groups, 
moderate true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.32 2 

Group 1 vs Group 3 0.65 56 

Group 2 vs Group 3 0.33 0 

Group 1 vs Population 0.33 88 

Group 2 vs Population 0.10 2 

Group 3 vs Population 0.32 81 
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Table B-3.  Effect size and percentage of statistically significant results: 3 groups, large 
true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.50 59 

Group 1 vs Group 3 0.97 95 

Group 2 vs Group 3 0.47 60 

Group 1 vs Population 0.48 99 

Group 2 vs Population 0.10 1 

Group 3 vs Population 0.49 100 
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Table B-4.  Effect size and percentage of statistically significant results: 4 groups, small 
true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.15 3 

Group 1 vs Group 3 0.24 1 

Group 1 vs Group 4 0.34 6 

Group 2 vs Group 3 0.13 4 

Group2 vs Group 4 0.21 2 

Group 3 vs Group 4 0.12 1 

Group 1 vs Population 0.17 2 

Group 2 vs Population 0.07 2 

Group 3 vs Population 0.08 1 

Group 4 vs Population 0.16 0 
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Table B-5.  Effect size and percentage of statistically significant results: 4 groups, 
moderate true b DIF, and all groups differ  

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.21 0 

Group 1 vs Group 3 0.43 21 

Group 1 vs Group 4 0.65 91 

Group 2 vs Group 3 0.23 4 

Group2 vs Group 4 0.44 35 

Group 3 vs Group 4 0.22 3 

Group 1 vs Population 0.32 5 

Group 2 vs Population 0.12 4 

Group 3 vs Population 0.13 2 

Group 4 vs Population 0.33 21 
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Table B-6.  Effect size and percentage of statistically significant results: 4 groups, large 
true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.33 0 

Group 1 vs Group 3 0.66 85 

Group 1 vs Group 4 1.00 100 

Group 2 vs Group 3 0.32 4 

Group2 vs Group 4 0.67 97 

Group 3 vs Group 4 0.34 2 

Group 1 vs Population 0.50 69 

Group 2 vs Population 0.19 12 

Group 3 vs Population 0.20 11 

Group 4 vs Population 0.51 97 
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Table B-7.  Effect size and percentage of statistically significant results: 5 groups, small 
true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.40 15 

Group 1 vs Group 3 0.42 22 

Group 1 vs Group 4 0.47 28 

Group 1 vs Group 5 0.49 50 

Group 2 vs Group 3 0.37 12 

Group 2 vs Group 4 0.38 24 

Group 2 vs Group 5 0.41 39 

Group 3 vs Group 4 0.36 13 

Group 3 vs Group 5 0.38 24 

Group 4 vs Group 5 0.37 16 

Group 1 vs Population 0.31 23 

Group 2 vs Population 0.24 11 

Group 3 vs Population 0.22 5 

Group 4 vs Population 0.25 11 

Group 5 vs Population 0.27 31 
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Table B-8.  Effect size and percentage of statistically significant results: 5 groups, 
moderate true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.36 15 

Group 1 vs Group 3 0.41 45 

Group 1 vs Group 4 0.55 78 

Group 1 vs Group 5 0.67 88 

Group 2 vs Group 3 0.35 17 

Group 2 vs Group 4 0.47 51 

Group 2 vs Group 5 0.54 77 

Group 3 vs Group 4 0.38 26 

Group 3 vs Group 5 0.43 53 

Group 4 vs Group 5 0.37 15 

Group 1 vs Population 0.35 68 

Group 2 vs Population 0.26 21 

Group 3 vs Population 0.21 8 

Group 4 vs Population 0.27 25 

Group 5 vs Population 0.36 70 
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Table B-9.  Effect size and percentage of statistically significant results: 5 groups, large 
true b DIF, and all groups differ 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.43 27 

Group 1 vs Group 3 0.56 73 

Group 1 vs Group 4 0.81 94 

Group 1 vs Group 5 0.99 100 

Group 2 vs Group 3 0.43 36 

Group 2 vs Group 4 0.61 81 

Group 2 vs Group 5 0.78 98 

Group 3 vs Group 4 0.46 33 

Group 3 vs Group 5 0.57 73 

Group 4 vs Group 5 0.42 29 

Group 1 vs Population 0.51 96 

Group 2 vs Population 0.33 47 

Group 3 vs Population 0.22 8 

Group 4 vs Population 0.35 55 

Group 5 vs Population 0.50 92 
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Table B-10.  Effect size and percentage of statistically significant results: 3 groups, 
small true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.10 2 

Group 1 vs Group 3 0.27 0 

Group 2 vs Group 3 0.32 2 

Group 1 vs Population 0.12 0 

Group 2 vs Population 0.13 0 

Group 3 vs Population 0.20 0 
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Table B-11.  Effect size and percentage of statistically significant results: 3 groups, 
moderate true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.10 2 

Group 1 vs Group 3 0.61 8 

Group 2 vs Group 3 0.60 9 

Group 1 vs Population 0.22 1 

Group 2 vs Population 0.21 0 

Group 3 vs Population 0.40 0 
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Table B-12.  Effect size and percentage of statistically significant results: 3 groups, large 
true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.11 1 

Group 1 vs Group 3 0.91 30 

Group 2 vs Group 3 0.89 30 

Group 1 vs Population 0.31 2 

Group 2 vs Population 0.30 2 

Group 3 vs Population 0.61 1 
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Table B-13.  Effect size and percentage of statistically significant results: 4 groups, 
small true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.17 0 

Group 1 vs Group 3 0.17 1 

Group 1 vs Group 4 0.32 3 

Group 2 vs Group 3 0.17 1 

Group2 vs Group 4 0.35 3 

Group 3 vs Group 4 0.33 3 

Group 1 vs Population 0.11 3 

Group 2 vs Population 0.12 1 

Group 3 vs Population 0.12 2 

Group 4 vs Population 0.22 0 
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Table B-14.  Effect size and percentage of statistically significant results: 4 groups, 
moderate true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.16 0 

Group 1 vs Group 3 0.18 1 

Group 1 vs Group 4 0.65 9 

Group 2 vs Group 3 0.17 1 

Group2 vs Group 4 0.64 5 

Group 3 vs Group 4 0.65 5 

Group 1 vs Population 0.19 5 

Group 2 vs Population 0.19 6 

Group 3 vs Population 0.18 7 

Group 4 vs Population 0.51 20 
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Table B-15.  Effect size and percentage of statistically significant results: 4 groups, large 
true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.17 1 

Group 1 vs Group 3 0.18 1 

Group 1 vs Group 4 1.01 67 

Group 2 vs Group 3 0.16 0 

Group2 vs Group 4 0.98 51 

Group 3 vs Group 4 0.99 58 

Group 1 vs Population 0.27 11 

Group 2 vs Population 0.26 12 

Group 3 vs Population 0.26. 16 

Group 4 vs Population 0.78 98 
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Table B-16.  Effect size and percentage of statistically significant results: 5 groups, 
small true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.10 3 

Group 1 vs Group 3 0.09 4 

Group 1 vs Group 4 0.09 1 

Group 1 vs Group 5 0.33 11 

Group 2 vs Group 3 0.09 1 

Group 2 vs Group 4 0.09 1 

Group 2 vs Group 5 0.33 13 

Group 3 vs Group 4 0.09 3 

Group 3 vs Group 5 0.33 12 

Group 4 vs Group 5 0.32 8 

Group 1 vs Population 0.09 1 

Group 2 vs Population 0.09 1 

Group 3 vs Population 0.08 1 

Group 4 vs Population 0.08 0 

Group 5 vs Population 0.26 6 
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Table B-17.  Effect size and percentage of statistically significant results: 5 groups, 
moderate true b DIF, and only one group differs 

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.10 8 

Group 1 vs Group 3 0.10 7 

Group 1 vs Group 4 0.09 3 

Group 1 vs Group 5 0.66 86 

Group 2 vs Group 3 0.10 8 

Group 2 vs Group 4 0.10 5 

Group 2 vs Group 5 0.65 92 

Group 3 vs Group 4 0.09 5 

Group 3 vs Group 5 0.65 87 

Group 4 vs Group 5 0.66 92 

Group 1 vs Population 0.14 5 

Group 2 vs Population 0.15 6 

Group 3 vs Population 0.14 3 

Group 4 vs Population 0.15 1 

Group 5 vs Population 0.52 85 
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Table B-18.  Effect size and percentage of statistically significant results: 5 groups, large 
true b DIF, and only one group differs  

Comparison 

(Pairwise or Composite) 

Effect Size Percentage of Statically 

Significance 

Group 1 vs Group 2 0.09 4 

Group 1 vs Group 3 0.09 2 

Group 1 vs Group 4 0.09 3 

Group 1 vs Group 5 0.99 100 

Group 2 vs Group 3 0.09 1 

Group 2 vs Group 4 0.09 7 

Group 2 vs Group 5 1.00 100 

Group 3 vs Group 4 0.09 5 

Group 3 vs Group 5 0.99 100 

Group 4 vs Group 5 0.98 100 

Group 1 vs Population 0.21 10 

Group 2 vs Population 0.22 14 

Group 3 vs Population 0.21 9 

Group 4 vs Population 0.21 11 

Group 5 vs Population 0.80 99 
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APPENDIX C 
EXAMPLE TABLES 

Table C-1.  Example of a contingency table 
 Number of Correct Response (1) Number of Incorrect Response (0) Totals 

Reference  ak bk NRk 

Focal  ck dk NFk 

Totals N1, N0,  
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APPENDIX D 
FIGURES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D-1.  Item characteristic curve (ICC) for a 2PL item 
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Figure D-2.  The shaded area between two ICCs is a visual representation of DIF 
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Figure D-3. A conceptual model of two different methods of group definition in DIF 

 
 
 
 
 
 
 
 
 
 
 
 

Group 3 
 

Composite 

Group 

Group 2 

 

Group 1 
 

Group 1 

Group 3 

 

Group 2 

 

Composite 
Group 

Composite 
Group 

Group 1 
 

Group 2 

 

Group 3 
 

Pairwise 
Comparisons 

Composite 
Group 

Comparisons 



 

90 

Figure D-4.  DIF under pairwise and composite group comparisons for two groups 
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Figure D-5.  Item characteristic curves (ICCs) for three groups and the operational ICC 
across the groups 
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Figure D-6.  Effect size results for the three groups 
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Figure D-7.  Effect size results for the four groups 
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Figure D-8.  Effect size results for the five groups 
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