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Abstract Background Methods based on item response

theory (IRT) that can be used to examine differential item

functioning (DIF) are illustrated. An IRT-based approach to

the detection of DIF was applied to physical function and

general distress item sets. DIF was examined with respect to

gender, age and race. The method used for DIF detection was

the item response theory log-likelihood ratio (IRTLR)

approach. DIF magnitude was measured using the differences

in the expected item scores, expressed as the unsigned prob-

ability differences, and calculated using the non-compensa-

tory DIF index (NCDIF). Finally, impact was assessed using

expected scale scores, expressed as group differences in the

total test (measure) response functions. Methods The example

for the illustration of the methods came from a study of 1,714

patients with cancer or HIV/AIDS. The measure contained 23

items measuring physical functioning ability and 15 items

addressing general distress, scored in the positive direction.

Results The substantive findings were of relatively small

magnitude DIF. In total, six items showed relatively larger

magnitude (expected item score differences greater than the

cutoff) of DIF with respect to physical function across the

three comparisons: ‘‘trouble with a long walk’’ (race), ‘‘vig-

orous activities’’ (race, age), ‘‘bending, kneeling stooping’’

(age), ‘‘lifting or carrying groceries’’ (race), ‘‘limited in

hobbies, leisure’’ (age), ‘‘lack of energy’’ (race). None of the

general distress items evidenced high magnitude DIF;

although ‘‘worrying about dying’’ showed some DIF with

respect to both age and race, after adjustment. Conclusions

The fact that many physical function items showed DIF with

respect to age, even after adjustment for multiple compari-

sons, indicates that the instrument may be performing differ-

ently for these groups. While the magnitude and impact of

DIF at the item and scale level was minimal, caution should

be exercised in the use of subsets of these items, as might

occur with selection for clinical decisions or computerized

adaptive testing. The issues of selection of anchor items, and

of criteria for DIF detection, including the integration of

significance and magnitude measures remain as issues

requiring investigation. Further research is needed regarding

the criteria and guidelines appropriate for DIF detection in

the context of health-related items.

J. A. Teresi (&) � M. Kleinman

Faculty of Medicine, New York State Psychiatric Institute,

Columbia University Stroud Center, New York, NY, USA

e-mail: Teresimeas@aol.com

J. A. Teresi � K. Ocepek-Welikson

Research Division, Hebrew Home for the Aged at Riverdale,

Riverdale, NY, USA

K. F. Cook

Department of Rehabilitation Medicine,

University of Washington, Seattle, WA, USA

P. K. Crane � L. E. Gibbons

Department of Internal Medicine, University of Washington,

Seattle, WA, USA

L. S. Morales � M. Orlando-Edelen

RAND Corporation, Santa Monica, CA, USA

L. S. Morales

UCLA Department of Health Services and Divison of General

Internal Medicine and Health Services Research, Los Angeles,

CA, USA

M. Orlando-Edelen

Brown Medical School, Providence, RI, USA

D. Cella

Center on Outcomes, Research and Education, Evanstan

Northwestern Healthcare, Evanston, IL, USA

D. Cella

Northwestern University, Evanston, IL, USA

123

Qual Life Res (2007) 16:43–68

DOI 10.1007/s11136-007-9186-4



Keywords Differential item functioning � Item response

theory � Physical functioning � General distress

Introduction

The purpose of this paper is to illustrate methods based on

item response theory (IRT) that can be used to examine

differential item functioning (DIF). The companion paper

by Crane and colleagues [1] illustrates the use of the

ordinal logistic regression (OLR) approaches of Swami-

nathan and Rogers [2], Zumbo [3] and Crane et al. [4];

some of the analyses in that paper were based on a modi-

fied IRT approach. There are several other methods for DIF

detection, which are reviewed in a recent special issue of

Medical Care [5]. The advantages and disadvantages of

different DIF detection methods are also reviewed in that

issue [6]. While a discussion of these issues is beyond the

scope of this paper; several simulation studies reviewed in

that special issue support the use of the IRTLR approach to

DIF detection.

This paper applies an IRT-based approach to the

detection of DIF in physical function and general distress

item sets. DIF was examined with respect to gender, age

and race. These demographic variables were selected on

theoretical grounds. DIF should be performed with respect

to variables that are hypothesized to affect the relationship

between the item response and the ability (disability) tar-

geted for study. Previous studies have identified DIF in

measures of affective disorder [7–9] and physical function

[10–12] with respect to one or more of the three back-

ground variables examined.

The method used for DIF detection that is described in

this paper was the IRT log-likelihood ratio (IRTLR) ap-

proach [13, 14]. DIF magnitude was assessed using the

differences in expected item scores, expressed as the un-

signed probability differences [15], and calculated using

the non-compensatory DIF (NCDIF) index [16, 17]. Fi-

nally, impact was assessed using expected scale scores,

expressed as group differences in the total test (measure)

response functions. These latter functions show the extent

to which DIF cancels at the scale level (DIF cancellation).

The measures, sample and background are described in the

paper by Crane and colleagues [1], and this information is

briefly summarized in the Methods section.

Definition of DIF: DIF analysis in the context of health-

related constructs involves three factors: item response,

disability (ability) level and subgroup membership; the

research question is how item response is related to dis-

ability for different subgroups. The relationship implied by

this question is often defined in terms of item parameters so

that DIF analysis frequently examines differences in these

parameters. DIF analysis is concerned with the question of

whether or not the likelihood of item (category) endorse-

ment is equal across subgroups. A key issue is whether the

method used is conditional or non-conditional; only con-

ditional methods that take disability/ability into account are

acceptable. The necessity of a conditioning variable has

been illustrated by Dorans and Holland [18] and Dorans

and Kulick [19], in the context of Simpson’s [20] paradox.

They provide examples showing that if two groups vary in

the distribution of ability, overall, an item will appear to

favor the group with more functional ability. However,

examination of differences in proportions endorsing an

item (claiming independence in function) at different

ability levels or groupings can actually show a reverse

pattern. Thus, as pointed out by Dorans and Kulick [19], it

is important to compare the comparable, by controlling for

disability/ability before examining differences in perfor-

mance between groups on an item.

Another key issue is the nature of the conditioning

variable. IRT disability/ability estimates are often used

because observed scores (typically used in logistic regres-

sion) may not be adequate proxies for latent health status,

and may result in false DIF detection, particularly with

shorter scales (see Millsap and Everson [21]). However,

logistic regression methods do not need to be limited to the

use of observed scores. Latent conditioning variables can

be used, as was done in the companion paper [1].

DIF in the context of IRT: A basic concept in IRT is that

a set of items is being used to measure an underlying

attribute (also called a trait or state, e.g., a health condition,

state of emotional distress, functional ability, disability or

disorder); the central concern is how the item responses are

related to the trait. For the example presented in this paper,

the underlying attributes are scored in the positive direc-

tion, and reflect physical functional ability and positive

emotional state (lack of general distress).

Different models are used to model binary (dichoto-

mous) items, as contrasted with ordered categorical

(polytomous) items. A mixture of such items was used in

the scales analyzed. The following discussion pertains to

binary items; an explication of the model for polytomous

items is discussed in the Appendix. The expectation is that

respondents who are not disabled would be more likely

than those who are disabled to respond asymptomatically

(in a non-symptomatic direction) to an item measuring

ability. Conversely, a person with disability is expected to

have a lower probability of responding in a non-disabled

direction to the item. The curve that relates the probability

of an item response to the underlying health condition

measured by the item set is known as an item characteristic

curve (ICC). This curve can be characterized by two

parameters in some forms of the model: a discrimination

parameter (denoted as a) that is proportional to the slope of

the curve, and a location (also called difficulty, or severity)
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parameter (denoted as b) that is the point of inflection of

the curve. (See also the Appendix.) According to the IRT

model illustrated by the Figures contained within this pa-

per, an item shows DIF if people from different subgroups

but at the same functional ability level have unequal

probabilities of endorsement. For example, in the absence

of DIF, African-American people with mild disability

should have the same chance of a given response to a

particular physical functioning ability item as do white

people with mild disability. Put another way, the absence

of DIF is demonstrated by ICCs that are the same for each

group of interest.

Description of the Model

The following analyses were conducted using the two

parameter mixed logistic (for binary) and graded (for

polytomous, ordered response category) item response

models (see Hambleton et al. [22]; Lord [23]; Lord and

Novick [24]; Samejima [25]). Important first steps (not

presented here) in the analyses include examination of

model assumptions (such as unidimensionality) and model

fit. These analyses were conducted prior to release of these

data sets, and provided evidence of essential unidimen-

sionality.

Example of the Model: An example is shown in Fig. 1.

The curves for two self-identified race groups for the item,

‘‘trouble with a long walk’’, represent the relationship

between the probability of a positive (unimpaired) response

and physical functioning ability. The fact that the curves

are not identical and that there is space between the curves

(area) indicates that some DIF is present. In this example,

the curves are parallel and do not cross. This shows what is

called ‘‘Uniform DIF’’ or ‘‘Unidirectional DIF’’. As an

example of the meaning, locate the point on the solid curve

corresponding to .5 along the x (ability) axis, also referred

to as theta (h), and draw a line to the y axis (probability of

response). The intersection of these ICCs with a vertical

line provides the probability of item endorsement for

individuals, given selected levels of ability. For example,

the probability of a randomly selected African-American

person of above average physical function (h = .5)

responding that s/he has no trouble ‘‘with a long walk’’ is

higher (.62) than for a randomly selected White person

(.44) at the same ability level. Specifically, at this ability

level (theta = .5), the DIF results in a difference in re-

sponse probabilities of .18. In fact, across much of the

ability continuum, African-American respondents are more

likely than White respondents of the same ability level to

endorse the category, ‘‘no trouble’’, resulting in a differ-

ence in the areas under the curves for the two groups. It

takes more ability for Whites than for African-Americans

to claim that they have no trouble with a long walk. For

example, a probability of .62 for Whites corresponds to a

higher ability level (theta closer to 1.0) than for African-

Americans. Thus, this item is not performing in the same

manner for both groups, and model-based significance tests

indicated that this item exhibited DIF: it maximally dis-

criminates (separates ability levels) at higher levels of

functional ability for Whites as contrasted with African-

Americans. This also is demonstrated by the higher b (or

severity) parameter estimate for White respondents (.61)

than for African-American respondents (.35).

This difference is also apparent in the raw data, and can

be illustrated by examining the crosstabulation between

item response and race classification for a selected ob-

served score level. For example, moving from the latent

variable model just discussed to the more familiar sum

score, it is observed that for raw sum score levels 26–32 on

the Physical Function scale (reflecting above average

physical function), 31.6% of African-American persons, as

contrasted with 17.2% of White persons responded that
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they had ‘‘no trouble’’ with a long walk. In the absence of

DIF, it would be expected that these percentages would be

roughly equal. In educational testing this would be re-

garded as an easier item for African-American people be-

cause more African-American people responded that they

had ‘‘no trouble’’, or ‘‘got it right’’. However, this inter-

pretation makes little sense in health and mental health

assessment, in which speaking of item severity is more

appropriate. (It is also noted that the practice of scoring

symptom scales in the positive health direction, as was

done in these analyses, might result in some confusion;

however, because the scale had been used in this fashion,

the decision was made to score the items to conform to past

applications.) Shown in the Appendix are formulas and

illustrations of calculations.

The item shown in Fig. 1 has equal discrimination (a)

parameters because this graphic reflects the result from

IRTLR where the discrimination parameters were found to

be equivalent, and were constrained to be equal in the final

analysis. Figure 2 is an example of non-uniform DIF for an

item with three response categories, where the curves

cross. The curve associated with level 3, ‘‘not limited at all

walking one block’’, shows that the probability of response

is higher for African-Americans than for Whites at lower

levels of ability, but the reverse is observed for higher

levels of ability.

A point of clarification is that when the a parameters are

freely estimated, they most likely will not be identical;

however, the test for non-uniform DIF is to determine

whether or not, after constraining the a parameters to be

equal, the likelihood of the model is statistically signifi-

cantly worse, indicating DIF. For this example the a

parameter estimates were not exactly equal for the two

groups originally (a = 3.53 for Whites and 2.64 for Afri-

can-Americans) and, in fact, were significantly different,

indicating non-uniform DIF, prior to the Bonferroni [26]

correction. Thus, in this particular case the actual a’s were

used in the plots in Fig. 2 in order to illustrate the basic

points about non-uniform DIF.

Although the Bonferroni [26] method was used to adjust

for multiple comparisons, other approaches, for example,

Benjamini–Hochberg (B-H) [27, 28], have been recom-

mended as more powerful for adjustment (see Steinberg

[29]; Thissen et al. [30]; and Orlando et al. [31] for

examples). For this example, there were few differences in

results between the two approaches; thus the Bonferroni

method was used for consistency with the approach used in

the companion paper.

IRTLR modeling: IRTLR is based on a nested model

comparison approach, used for identification of items

exhibiting DIF. The concept is to test first a compact (or

more parsimonious) model with all parameters constrained

to be equal across groups for a studied item (together with

the anchor items) (model 1), against an augmented model

[2] with one or more parameters of the study item freed to

be estimated distinctly for the two groups. The procedure

involves comparison of differences in log-likelihoods (–

2LL) (distributed as chi-square) associated with nested

models; the resulting statistic is evaluated for significance

with degrees of freedom equal to the difference in the

number of parameter estimates in the two models. For

example, the G2 statistic would have 2 degrees of freedom

for each tested item from a 2PL model (i.e., for binary

items with difficulty (severity) and discrimination param-

eters constrained equal vs. estimated freely for the two

groups). For the graded response model, the degrees of

freedom increase with the number of b (difficulty or

severity) parameters estimated. (There is one less b esti-

mated than there are response categories.) It is noted that

IRTLR is based on a hierarchical structure, such that b

parameters are tested for uniform DIF only if the tests of

the a parameters are not significant. Tests of b parameters
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are performed, constraining the a parameters to be equal; in

that context, if the a parameters are found to differ, further

tests of the b parameters are not warranted. The rationale is

that if the slopes are not equal, then the curves must cross,

and the threshold parameter is useful only for testing

whether the crossing point is near the threshold (in which

case the test is not significant) or not (in which case the test

is significant). This can be contrasted with one of the OLR

approaches examined by Crane and colleagues [1], in

which log-likelihood tests of both non-uniform and uni-

form DIF are examined in a two-step procedure.

Anchor Items: If no prior information about DIF in the

item set is available, initial DIF estimates can be obtained

by treating each item as a ‘‘studied‘‘ item, while using the

remainder as ‘‘anchor’’ items. Anchor items are assumed

to be without DIF, and are used to estimate theta (ability),

and to link the two groups compared in terms of ability.

This process of log-likelihood comparisons is performed

iteratively for each item. (See the Steps in the analyses

below for an illustration.)

While one recommendation (see Thissen [14]) is to reject

as anchor items all items meeting the criteria in 1a below,

this can result in the selection of a very small anchor set for

some comparisons. As discussed below, our view was that a

somewhat larger anchor set would be preferable for this

example. Anchor item selection is an area that requires

additional research. While as few as one anchor item could

be used, in general more anchor items may be associated

with less conceptual drift in terms of the construct mea-

sured, and one simulation study found that a larger number

of anchor items (10 as contrasted with 4 or 1) resulted in

greater power for DIF detection (Wang et al. [32]).

Steps in the analyses

Presented below is an example of the use of IRTLR. The

following procedures for performing the analyses are

adapted from Orlando et al. [31]). Examples of the use of

IRTLR can be found in Orlando and Marshall [33] and

Teresi et al. [34]).

DIF detection

A general description of the steps is provided below;

comments refer to the physical function example shown in

the tables and graphs.

Identification of anchor items

1a. The first comparison is between a model with all

parameters constrained to be equal for any two comparison

groups, including the studied item, and a model with sep-

arate estimation of all parameters for the studied item.

IRTLRDIF is designed using stringent criteria for DIF

detection, so that if any model comparison results in a chi-

square value greater than 3.84 (d.f. = 1), indicating that at

least one parameter differs between the two groups at the

.05 level, the item is assumed to have DIF. The results are

then reviewed so that the chi-square statistic is evaluated

using the correct degrees of freedom, which are dependent

on the number of response categories for an item. Non-DIF

items are selected as anchor items.

As an example, the G2 for the overall test of all param-

eters equal versus all free for one of the studied items was

3.9 (4 d.f.); the G2 for the a’s was .1, (1 d.f.) and the G2 for

the b’s was 3.8 (3 d.f. corresponding to the three b’s esti-

mated for a four category item). Note that the overall G2 is

the sum of those for the a’s and b’s because the models are

nested. Note also that 3.84 (1 d.f.) is the threshold for testing

whether any parameter evidences DIF, assuming a theo-

retical probability that all DIF is in one parameter.

1b. If there is any DIF, further model comparisons are

performed. For the two-parameter model, the a parameter

(referred to as the slope or discrimination) is constrained to

be equal, and the b parameter (referred to as difficulty,

location, threshold or severity) is estimated freely; this

model is compared to that with both a and b parameters

estimated freely (for all other items the parameters are

constrained to be equal for both groups). This is a test of

DIF in the a parameter.

The same procedure is followed with respect to the tests

of DIF for the b parameters. For all models, all items are

constrained to be equal within the anchor set, and the a

parameter for the item tested is also constrained to be

equal. Two models are compared, one in which the b’s are

the same and one in which the b’s are different. The value

of G2 for the last model tests for DIF in the b parameters

when the a parameters are constrained equal and the b

parameters are free to be estimated as different. The G2 for

this last model is derived by subtraction of the G2 for

evaluation of the a parameters from the overall G2 value

evaluating any difference (G2 all equal—G2a’s equal).

For example, for item 5 (trouble with a long walk), the

overall G2 for all equal vs. all parameters free is 11.0, with

the DIF observed for the b parameter (G2 = 9.7), while the

G2 for the test of the a parameter was 1.3. In the current

analyses of race groups, 13 items out of 23 physical

function items were identified as anchor items.

Purification of the anchor set

2. Even if anchor items were identified prior to the analyses

using IRTLRDIF, additional items with DIF may be

identified. All of the candidate anchor items are again

evaluated, following the procedures described in step 1 (but

only for the anchor items), in order to exclude any addi-
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tional items with DIF, and to finalize the anchor set. At

each step of the purification process, ability estimates (h)

are based on the anchor set used at that stage. It is noted

that the item studied is included in the theta estimate. As an

example, for the gender comparisons, originally 10 anchor

items were identified; at the stage two confirmation pro-

cess, two additional items with DIF were removed from the

anchor set; these are shown in Table 2.

Final DIF detection

3. After the anchor item set is defined, all of the remaining

(non-anchor) items are evaluated for DIF against this an-

chor set. Some items that have been identified as having

DIF in earlier stages of the analyses can convert to non-DIF

with the use of a purified anchor. However, these items

(that converted) are not added to the anchor pool for further

iterative purification. At this point in the analyses of the

general distress item set, one non-anchor item was no

longer found to have DIF. Items with values of G2 indic-

ative of DIF in this last stage are subject to adjustment of p

values for multiple comparisons, used in order to reduce

over-identification of items with DIF. For this example, the

Bonferroni method was used. The p value is divided by the

number of items.

Final parameter estimation and adjustment for multiple

comparisons

4. The final model for a studied scale was estimated using

MULTILOG, and all items were included in this model.

Parameter estimates for the anchor items as well as those

items in which no DIF was observed are set to be equal

across groups (using a command for all equal or fixed) in

this final model specification; for the items exhibiting DIF

in either the a or b parameters, item parameters are esti-

mated as different (freed) for the two groups. Specifically,

if the DIF is only in the a parameter, the a is estimated as

different, together with b¢s. (As explicated above, IR-

TLRDIF performs tests of the b parameter, constraining the

a to be equal; thus once the a is found to be significant, no

further test of the b parameter(s) is performed, in which

case, the b parameter(s) would be set to be different.) If the

DIF is in the b parameter, only the b parameter is estimated

as different.

The final parameter estimates and their standard errors

were obtained from applications of MULTILOG. Theta

estimates at this point are based on the entire item set

with parameters estimated as described above. These

thetas can be used in the evaluation of DIF magnitude

and impact, described below. An area for study is the

identification of the best theta estimate for use when

individual ability estimates are to be used, e.g., in com-

puterized adaptive testing or for construction of a ‘‘DIF-

free’’ theta estimate for use in analyses of relationships

among variables.

Evaluation of DIF magnitude

5. Following these analyses, graphs of item response

functions are useful in examining magnitude of DIF. The

magnitude of DIF refers to the degree of difference in item

performance between or among groups, conditional on the

trait or state being examined. Examination of the magni-

tude of DIF has been based on evaluation of theoretically

invariant parameters or statistics flowing from a model,

such as the odds ratio.

Expected item scores can be examined as measures of

magnitude. An expected item score is the sum of the

weighted (by the response category value) probabilities of

scoring in each of the possible categories for the item.

6. A method for quantification of the difference in the

average expected item scores is the non-compensatory DIF

(NCDIF) index (the average squared difference in expected

item scores for a given individual as a member of the focal

group, and as a member of the reference group) used by

Raju and colleagues [16]. (See also Chang and Mazzeo

[35]), who demonstrated that items with identical IRFs or

expected scores have equivalent item category response

functions under certain polytomous response models,

including the graded response model used here. The

implication of this work is a generalization from binary to

some of the more commonly used polytomous response

models of the IRF invariance assumptions that permit DIF

detection.)

In essence this method provides an estimate of what

expected score would obtain for an individual if s/he was

scored based on the parameters and ability estimates for

group X, and then based on the ability and parameter

estimates for group Y. (See the Appendix.) The advantage

of this magnitude measure is that NCDIF is based on the

actual distribution of individual estimated thetas, rather

than on an arbitrary range of ability. While chi-square tests

of significance are available, these were found to be too

stringent, over identifying DIF. Cutoff values established

based on simulations [36, 37], provide an estimate of the

magnitude of item-level DIF. For example, for dichoto-

mous items the NCDIF cutoff is 0.006; for polytomous

items with three response options the cutoff is .024; for

four response options the cutoff is 0.054; for five it is .096;

and for polytomous items with six response options the

cutoff is 0.150. Use of this method requires that thetas be

estimated separately for each group, and equated together

with the item parameters prior to calculation of expected
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item scores. (Equating constants are purified iteratively, if

DIF is detected.)

Evaluation of impact of DIF

7. Expected item scores (see Fig. 3) can be summed to

produce an expected scale score, which provides evidence

regarding the effect of the DIF on the total score (see

Fig. 4). Group differences in these test response functions

provide measures of impact.

Methods

Measures

Twenty three physical functioning ability items and 15

general distress items were analyzed. These items were

selected from a larger item set taken from four measures

described elsewhere in this special issue, and in the com-

panion paper. The process by which the items were se-

lected included exploratory and confirmatory factor

analyses; these methods are described elsewhere in this

special issue. The 23 items measuring physical function

were scored in the positive direction, and positive physical

function was measured. The 15 items measuring general

distress were also scored in the positive direction, so that a

high score was indicative of positive affect.

Sample

Data were collected as part of the Quality of Life Evalu-

ation in Oncology Project funded by the National Cancer

Institute (RO1 CA 60068, David Cella PI). This study was

of patients with cancer or HIV/AIDS. Data were analyzed

with respect to age, gender and race. The sample sizes used

in the analyses shown in the Figures and Tables were 236

African-Americans and 1324 whites, 719 females and 914
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males and 1183 younger (less than 66 years of age) and

449 older subjects.

Software

Software used was IRTLRDIF developed by Thissen [14],

and available on his website, and MULTILOG (Thissen

[13]). The IRTLR approach to DIF detection is discussed in

Thissen et al. [38]). IRTLRDIF can be used for the anal-

yses performed in the first steps, followed by application of

MULTILOG.

Follow-up examination of magnitude of item-level DIF

was conducted using expected item scores and area sta-

tistics. These expected scores can be plotted for different

values of theta using software such as EXCEL (see Fig. 3

and the Appendix).

Additionally the non-compensatory DIF index of Raju

(Raju and colleagues [16]; Flowers and colleagues [17])

contained in DFIT (Raju [39]) was examined. (See also

Collins et al. [40] and Morales and colleagues [41] for

examples.) In order to assess DIF magnitude, Raju’s pro-

gram DFITP5 was used. To run this program, it is neces-

sary to run MULTILOG separately for the two groups

under study, and then to place the parameter estimates for

the two groups on the same metric. (When thetas and item

parameters are obtained separately for each group, they

have to be equated in order to be on the same metric scale.

Equating is performed iteratively; originally no DIF is as-

sumed; however, if DIF is detected, the item showing DIF

is excluded from the equating algorithm.) For this purpose,

Baker’s EQUATE program [42] was used in an iterative

fashion. In the first run, all items in the scale were used as

the anchor set. Next, the program DFITP5 was run, and

those items with values above the recommended cut-off for

NCDIF were excluded from the anchor set for the next run

of the EQUATE program. The equating constants resulting

from this second run of EQUATE were the ones used for

the final run of DFITP5, to evaluate DIF magnitude.

Impact of DIF on the total score was examined using test

response functions. The method for integration of magni-

tude and impact measures with significance testing is an

area requiring further research.

Results

Example of IRTLR using items measuring physical

functioning and general distress

Tables 1 through 6 show the final result for the physical

function and general distress item sets. The tables show the

anchor items without DIF, and the studied items with sep-

arately estimated parameters for the two groups. This result T
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represents the final analyses, so that if no new DIF was

observed in any of the prior iterative purification stages, the

a¢s are estimated as the same. Tables 7 and 8 show the

summary results, including the analyses of magnitude.

Figures 5 through 9 show the expected item and scale scores

for items that were significant after Bonferroni correction,

depicting DIF magnitude and impact, respectively.

Physical function

As shown in Table 1, prior to adjustment for multiple

comparisons, 13 anchor items were identified and 10 items

were identified that showed DIF with respect to race

(summarized in Table 7); three with non-uniform DIF.

(One item, ‘‘walk one block’’ was borderline, p = .051).

After adjustment, six items showed DIF (Table 1), four

with relatively higher magnitude (NCDIF—expected item

score difference values above cutoff) (Table 7). For

example, after the adjustment, the six items that evidenced

uniform DIF were: ‘‘trouble with a long walk’’; ‘‘lack of

energy’’, ‘‘able to work’’, ‘‘vigorous activities’’, ‘‘lifting

or carrying groceries’’, ‘‘walk more than a mile’’. The

item: ‘‘walk one block’’, also showed significant non-

uniform DIF using IRTLRDIF, prior to, but not after the

Bonferroni correction for multiple comparisons. Four of

these items evidenced a relatively large magnitude of DIF:

‘‘long walk’’, ‘‘lack of energy’’, ‘‘vigorous activity’’ and

‘‘lifting or carrying groceries’’. Most of these items were

more severe indicators for White than for African-Ameri-

can respondents; the exception was ‘‘lifting or carrying

Table 5 Item parameters and standard errors for the anchor and studied items with DIF from the General Distress set (GD15): Comparison of

gender groups (Male vs. Female)

Content Group a b1 b2 b3 b4 b5 aDIF bDIF*

I feel sad Male 2.51 (.09) –2.39 (.14) –1.62 (.09) –.72 (.06) .34 (.05) .3 (.584) 11.5 (.021)

Female 2.51 (.09) –2.49 (.19) –1.43 (.08) –.69 (.06) .46 (.06)

I feel nervous Male 2.22 (.10) –2.33 (.13) –1.62 (.08) –.81(.05) .43 (.04) NS, Anchor Item

Female

I worry about dying Male 1.31 (.08) –2.52 (.17) –1.88 (.13) –1.05 (.08) .14 (.06) 3.6 (.058) .9 (.343)

Female 1.31 (.08) –2.52 (.17) –1.88 (.13) –1.05 (.08) .14 (.06)

Able to enjoy life Male 1.59 (.12) –2.38 (.21) –1.58 (.13) –.56 (.08) .65 (.08) 5.7 (.017) 29.1 (<.0001)

Female 1.30 (.12) –3.26 (.38) –2.09 (.22) –.94 (.12) .27 (.10)

Content with my QOL right

now

Male 1.45 (.05) –1.30 (.09) –.78 (.08) .14 (.08) 1.21 (.09) 3.3 (.069) 39.8 (<.0001)

Female 1.45 (.05) –1.91 (.12) –1.19 (.09) –.26 (.09) .85 (.09)

Frequently feel anxious Male 2.33 (.09) –1.88 (.13) –1.32 (.08) –.54 (.06) .67 (.06) .1 (.752) 10.1 (.039)

Female 2.33 (.09) –1.95 (.12) –1.33 (.08) –.73 (.07) .59 (.06)

Felt tense Male 2.64 (.14) –2.09 (.10) –1.31 (.06) .22 (.04) .3 (.331) 4.2 (.241)

Female 2.64 (.14) –2.09 (.10) –1.31 (.06) .22 (.04)

Felt worried Male 2.76 (.13) –1.72 (.08) –.89 (.04) .69 (.04) NS, Anchor Item

Female

Felt irritable Male 2.34 (.12) –2.25 (.12) –1.35 (.07) .27 (.04) NS, Anchor Item

Female

Felt depressed Male 3.81 (.20) –1.85 (.08) –1.15 (.04) .17 (.03) NS, Anchor Item

Female

Have you been a very

nervous person

Male 1.49 (.11) –3.31 (.35) -2.50 (.22) –1.73 (.15) –.72 (.09) .62 (.08) 8.0 (.005) 6.8 (.236)

Female 1.89 (.14) –2.84 (.25) –2.05 (.15) –1.39 (.11) -.46 (.07) .63 (.08)

Felt down in the dumps Male 2.05 (.07) –2.88 (.19) -2.30 (.13) –1.69 (.09) –.96 (.07) .01 (.06) .0 (1.000) 16.6 (.005)

Female 2.05 (.07) –3.00 (.24) –2.32 (.16) –1.84 (.11) –1.06 (.08) –.23 (.07)

Felt calm and peaceful Male 1.81 (.09) -2.27 (.13) –1.36 (.07) –.50 (.05) .18 (.05) 1.92 (.09) NS, Anchor Item

Female

Felt downhearted Male 2.07 (.10) –2.68 (.17) –2.09 (.12) –1.53 (.08) –.58 (.05) .60 (.05) NS, Anchor Item

Female

Been a happy person Male 1.75 (.08) –2.61 (.17) –1.75 (.10) –.80 (.06) –.13 (.05) 1.71 (.08) NS, Anchor Item

Female

*DIF significant after Bonferroni adjustment is bolded
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groceries’’, which was a more severe indicator for African-

Americans. For example, examination of the expected item

scores (Fig. 5) show that for most items the solid curves for

Whites is below the curve for African-Americans, indi-

cating that conditional on functional status, on average

White respondents are less likely to respond that they are

capable of performing the task. The reverse pattern is ob-

served with respect to the curve for ‘‘lifting or carrying

groceries’’.

The analysis based on gender initially identified 8 an-

chor items and 15 with DIF (Table 2); however, after

purification 12 items with DIF were identified, all with

uniform DIF. After adjustment, four items with uniform

DIF were identified: 3, 11, 12, 16, ‘‘difficulty with personal

care’’, ‘‘short of breath’’, ‘‘lack of energy’’, ‘‘problems

lifting or carrying groceries’’ (see Table 7). Among these,

none evidenced DIF of high magnitude. (It is noted that

one item (‘‘strenuous activities’’), identified before the

Bonferroni correction as evidencing uniform DIF, was also

identified as having higher magnitude DIF, however, the

value was just over the threshold.) As shown in Fig. 6,

most of these items were more severe indicators for males

than females; the exception was ‘‘lifting or carrying gro-

ceries’’, which was a more severe indicator for females.

For this latter item, on average, it takes somewhat more

capability for females than for males to claim that they

have little difficulty ‘‘lifting or carrying groceries’’.

Numerous items (14 out of 23) evidenced DIF with respect

to age, even after the Bonferroni adjustment (see Table 7.)

However, three were of high magnitude: ‘‘limited in hob-

bies, leisure activities’’, ‘‘vigorous activities’’, and

‘‘bending, kneeling and stooping’’. There was a mixture in

terms of whether the items were more severe for older or

younger persons, with some (e.g., ‘‘vigorous activities’’)

more severe for older persons, and some (e.g., ‘‘able to

work’’) for younger persons. It is noted that ‘‘bending,

kneeling, stooping’’ showed non-uniform DIF for age, and

was a relatively poor discriminator for younger people

Table 7 Summary of DIF analyses of the Physical Functioning items (PF23): Race, gender and age groups

Item Item

Name

Item Wording Anchor Item Type of DIF, if

Present

DIF After

Bonferroni

Adjustment

Magnitude

(Expected Item

Score Difference:

NCDIF)*

Race Sex Age Race Sex Age Race Sex Age Race Sex Age

1 CARES1 Difficulty bending or lifting � U U � .005 .040

2 CARES3 Difficulty doing household chores � � U � .015 .007

3 CARES4 Difficulty bathing, brushing teeth, or grooming

myself

� U NU � � .024 .003

4 EORTC1 Trouble with strenuous activities (carrying) � U U .008* .001

5 EORTC2 Trouble with a long walk U U � � .010* .004 .003

6 EORTC3 Trouble with a short walk � U NU � .004 .002 .001

7 EORTC4 Have to stay in bed or chair most of the day � U NU � .001

8 EORTC5 Need help eating, dressing, washing, toileting � � NU � .001 .001

9 EORTC6 Limited in work or other daily activities NU U U � .026 .003 .048

10 EORTC7 Limited in hobbies, leisure activities NU U U � .018 .004 .059*

11 EORTC8 Were you short of breath � U � .008 .001

12 FACT 1 Have lack of energy U U U � � � .008* .009 .024

13 FACT 27 Able to work U U U � � .010 .010 .051

14 RAND3 Vigorous activities (running, lifting) � U U � � .097* .001 .029*

15 RAND4 Moderate activities (moving table) � � � .004 .002

16 RAND5 Lifting or carrying groceries � U U � � .027* .018

17 RAND6 Climb several fights of stairs � � .002 .002

18 RAND7 Climb 1 flight of stairs � NU .002 .003

19 RAND8 Bending, kneeling, stooping � U NU � .001 .026*

20 RAND9 Walk more than a mile � U U � � .016 .004 .020

21 RAND10 Walk several blocks � � � .003 .007

22 RAND11 Walk 1 block NU .007 .007 .006

23 RAND12 Bathing or dressing � U NU .001

*Difference greater than threshold; difference less than .001 is not shown
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(a = .33), as contrasted with older persons (a = 1.78). This

means that the item was not well-related to physical

function for younger people. Similarly, ‘‘shortness of

breath’’ was not a well-discriminating item, in general.

Based on prior experience examining DIF in health-re-

lated applications, the results indicate relatively low mag-

nitude of DIF in the physical function item set for race and

gender; however, somewhat more DIF was evidenced with

respect to age. About 60% of the items showed DIF, even

after Bonferroni correction, and it was difficult to obtain an

anchor set. Originally, three items without DIF were

identified; several iterations were necessary in order to

obtain a final anchor set of items. Further testing indicated

that all three of these items evidenced DIF, and a different

three-item anchor set was produced. Because the DIF was

in different directions, overall DIF cancellation was ob-

served at the scale level; however, use of individual items

out of context of the scale, for example in computer

adaptive testing, could be problematic for individual

assessment. Evaluation of the impact of DIF using the test

response functions (shown in Fig. 4 for race, Fig. 6 for

gender, and Fig. 7 for age) indicates that the impact of DIF

on the test score is trivial.

General distress

Examination of the general distress item set for DIF based

on race shows that six anchor items were initially iden-

tified (see Table 4). Eight out of 9 items originally

identified with DIF evidenced DIF after purification, but

before Bonferroni correction. After correction only two

showed DIF, both uniform: ‘‘worry abut dying’’ and ‘‘felt

worried’’ (see Table 8). Neither item demonstrated high

magnitude DIF. While the direction was mixed, the

indicators were somewhat more severe for African-

Americans than for Whites, indicating that more positive

mental health was required for endorsement of the item at

most response levels. (However, inspection of Fig. 8

shows that the difference was small.) Seven anchor items

were used in the analyses of gender DIF (see Table 5).

After purification, six out of 15 items showed DIF for

gender; however, only two were significant after Bon-

ferroni adjustment (‘‘able to enjoy life’’ and ‘‘content

with my quality of life’’), and none demonstrated high

magnitude DIF. As shown in Fig. 8, the indicators were

more severe for men. (This can also be seen in Table 5

where the b (severity) parameters are higher for males

than for females.

Age comparisons demonstrated seven items with DIF

in the first iteration (see Table 6), and six after purifica-

tion (Table 8), but before correction (all with uniform

DIF, except for ‘‘content with my quality of life’’). After

correction, two items showed uniform DIF: ‘‘worry about

dying’’ and ‘‘felt calm and peaceful’’. ‘‘Worry about

dying’’ was a more severe indicator for the younger

cohort. Items that did not discriminate as well as others

for most groups were ‘‘content with my quality of life’’,

‘‘worry about dying’’ and for women, ‘‘able to enjoy

Table 8 Summary of DIF analyses of the General Distress items (GD15): Race, gender and age groups

Item Item Name Item Wording Anchor Item Type of DIF, if

Present

DIF After

Bonferroni

Adjustment

Magnitude (Expected

Item Score Difference:

NCDIF)*

Race Sex Age Race Sex Age Race Sex Age Race Sex Age

1 FACT20R I feel sad � U U .004 .010 .003

2 FACT23R I feel nervous � � U .002

3 FACT24R I worry about dying U U � � .003 .013

4 FACT29 Able to enjoy life � U NU � .010 .011 .001

5 FACT33 Content with my QOL right now � U NU � .012 .031 .016

6 CARES16R Frequently feel anxious NU U .004 .005

7 EORT21M Felt tense � U .006 .007

8 EORT22M Felt worried � � U � .003 .004 .002

9 EORT23RM Felt irritable � � � .004

10 EORT24RM Felt depressed � � U .007 .003

11 RAND24M Have you been a very nervous person � � NU .001 .007 .007

12 RAND25M Felt down in the dumps � NU U .014 .003 .001

13 RAND26RM Felt calm and peaceful � U � .008 .007 .004

14 RAND28M Felt downhearted � � NU .002 .001

15 RAND30RM Been a happy person � � U .002 .003 .004

*Difference greater than threshold; difference less than .001 is not shown
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life’’. The magnitude of DIF was not large, and the im-

pact trivial (Figs. 8, 9).

Summary of findings: The analyses presented above

were intended to illustrate the IRTLRDIF procedures and

the calculation of magnitude and impact measures. The

substantive findings indicated that there was a relatively

small magnitude of DIF in the item sets. Examination of

the expected item scores, and calculation of NCDIF for the
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race group comparison identified four items of higher

magnitude; these included three items related to mobility

and physical functioning: ‘‘trouble with a long walk’’;

‘‘vigorous activities’’ and ‘‘lifting or carrying’’. ‘‘Lack of

energy’’ also evidenced a relatively greater magnitude of

DIF. Four items were identified with gender DIF after

adjustment for multiple comparisons, none with high

magnitude. Three items were of higher magnitude of DIF

for age group comparisons: ‘‘limited in hobbies, leisure

activities, ‘‘vigorous activities’’, ‘‘bending, kneeling,

stooping’’. In total, six items showed relatively larger

magnitude of DIF with respect to physical function across

the three comparisons: ‘‘trouble with a long walk’’ (race),

‘‘vigorous activities’’ (race, age), ‘‘bending, kneeling

stooping’’ (age), ‘‘lifting or carrying groceries’’ (race),

‘‘limited in hobbies, leisure’’ (age), ‘‘lack of energy’’

(race). None of the general distress items evidenced high

magnitude DIF, although ‘‘worrying about dying’’ showed

some DIF with respect to both age and race, after adjust-

ment.

Discussion

The fact that many physical function items showed DIF

with respect to age, even after Bonferroni adjustment,

indicates that the instrument may be performing differently

for these groups. While the magnitude and impact of DIF at

the item and scale level was minimal, caution should be

exercised in the use of subsets of these items, as might

occur with selection for clinical decisions or for comput-

erized adaptive testing. In the companion paper, Crane and
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Fig. 6 Expected item and scale score functions physical functioning item set, gender groups
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Fig. 7 Expected item and scale score functions: physical functioning item set, age groups
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Fig. 7 continued
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colleagues [1] also found that the impact of DIF was small;

however, these authors concluded that the impact of DIF

related to race on the General Distress scale could affect

some individuals.

Comparison of OLR and IRTLR results

The findings from the two analyses (OLR and IRTLR) of

the General Distress scale agree in terms of the number of

items identified pre- and post-adjustments, and with respect

to DIF magnitude; however, there is some disagreement in

terms of the individual items identified. Using the OLR

method, based on significance tests after Bonferroni cor-

rection, six items were identified as having DIF. Using the

IRTLR approach, and after Bonferroni correction, five

items were observed to have DIF. After considering DIF

magnitude, the OLR method identified two items with DIF:

worry about dying, and content with quality of life. These

two items were also identified with DIF using the IRTLR

approach; however, none of the items evidenced high

magnitude DIF using DFIT NCDIF criteria.

Crane and colleagues [1] identified 14 items with DIF in

the Physical Functioning scale, using significance tests

with Bonferroni adjustments. The IRTLR approach iden-

tified 16. Incorporation of a DIF magnitude measure into

the OLR modeling procedure resulted in the identification

of five items. Use of the DFIT magnitude adjustment, in the

context of the IRT approach, reduced the number of

identified items to seven; however, only two of the items

were in common across the methods: limited in hobbies
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Fig. 8 Expected item and scale score functions: general distress item set, race and gender groups
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and bending, kneeling, stooping. Both sets of analyses

demonstrated minimal impact of DIF; however, Crane and

colleagues [1] observed that there could be DIF impact

associated with race on the General Distress scale for some

individuals.

Caveats: As with all parametric models, lack of model

fit can result in errors in DIF detection, as can lack of

proper purification through selection of anchor items. Fi-

nally, although not discussed, a first step is examination of

dimensionality. If the assumption (of most IRT models

used in DIF detection) of unidimensionality is not met, DIF

detection will be inaccurate. While extensive tests of

dimensionality were conducted, and the item sets were

selected to be essentially unidimensional, an unanswered

question is what constitutes being unidimensional enough

for IRT DIF methods? Typically, violations of assumptions

or model fit will lead to false DIF detection. Therefore, it is

important to select the correct model prior to application of

DIF methods. As mentioned above, the issues of selection

of anchor items, and of criteria for DIF detection, including

the integration of significance and magnitude measures

remain as issues requiring investigation. Additionally, the

issue of which purified theta is best to use requires study.

Further research is needed regarding the criteria and

guidelines appropriate for DIF detection in the context of

health-related items. Different magnitude measures and

procedures for flagging salient DIF may have contributed

to the discrepancies in DIF detection between the two

methods. Further simulation studies are needed. Despite

these possible caveats, the IRTLR method has been used

frequently to detect DIF in educational and psychological

assessment measures, and as such is a relatively mature

method. While many DIF detection methods exist, both of

the methods presented in these two companion papers can

be recommended for use in the evaluation of health and

quality-of-life measures because both allow the identifica-

tion of non-uniform DIF, which may be of concern in such

measures.
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Fig. 9 Expected item and scale score functions: general distress item set, age groups
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Appendix

Illustration: Calculation of Boundary and Category Re-

sponse Functions, Expected Item and Scale Scores and

Non-compensatory Differential Item Functioning (DIF)

Indices: Polytomous items with ordinal response categories

This appendix is an illustration of the calculation of

several indices used in determining the presence, magni-

tude and impact of DIF using item response theory. Illus-

trations can also be found in Collins et al. [40]; Orlando-

Edelen et al. [31]; Thissen et al. [38]; and Thissen [13, 14].

Boundary Response Functions: The Samejima [25] gra-

ded response model, which assumes ordinal categories can

be used to model polytomous items (see also Cohen et al.

[43]. The model is based on calculation of a series of

cumulative dichotomies resulting in cumulative probabili-

ties of responding in a category or higher. One models the

probability that a randomly selected individual with a spe-

cific level of physical functioning will respond in category k

or higher. The boundary response function defines the

cumulative probability of scoring in category k or higher:

PikðhÞ ¼ 1=f1þ exp½�aiðh� bikÞ�g:

There are k–1 such dichotomies. For a three category

item, scored 0,1,2: the first cumulative dichotomy is be-

tween people who have a zero response vs those who se-

lected response 1 or 2. The second cumulative dichotomy

is between those who selected 0 or 1 vs 2 and higher. To

illustrate using the example shown in Fig. 2, calculations

are presented for h = –1.0.

The probability of category 0 or higher = 1 (because

every one scores either 0 or higher).

For category 1: P(x = 1 or higher) = 1/{1 + exp[–a(h –

bk1)]}

For Whites: P(x = 1 or higher) = 1/{1 + exp[–3.53((–1)

–(–.90))]} = .4127

For African-Americans: P(x = 1 or higher) = 1/

{1 + exp[–2.64((–1)–(–1.19))]} = .6228

For category 2:

P(x = 2 or higher (there is no higher)) = 1/1 + exp[–

a(h)–bk2)]

For Whites: P(x = 2 or higher) = 1/{1 + exp[–3.53((–1)

–(–.07))]} = .0360

For African-Americans: P(x = 2 or higher) = 1/

{1 + exp[–2.64((–1)–(–.01))]} = .0683

Category response functions: The above formula does

not give the probability of responding in a specific cate-

gory; to get this probability, the adjacent probability is

subtracted out. Note that boundary response functions are

usually used because they have a consistent form across

levels; category response functions do not, and are more

difficult to compare and interpret. Note also that when an

item is binary, the category response function for the sec-

ond category (for an item coded 0,1 this is 1) is the same as

the item response (boundary response) function.

To obtain the category response P(x = k), subtract out

the probability that P is in a higher category: P(k)–P(k+1).

For k = 0 Pi0(h) = [Pi0(h)–Pi1(h)] = [1–Pi1(h)]

For k = 1 Pi1(h) = [Pi1(h)–Pi2(h)]

For k = 2 Pi2(h) = [Pi2(h)– 0]

For h¼ �1:0 :

For Whites: Pi0 = 1 – .4127 = .5873

For African-Americans: Pi0 = 1 – .6228 = .3772

For Whites: Pi1(h = –1.0) = .4127 – .0360 = .3767

For African-Americans: Pi1(h = –1.0) = .6228 – .0683

= .5545

For Whites: Pi2(h = –1.0) = .0360

For African-Americans: Pi2(h = –1.0) = .0683

The shapes of the CRFs are not the same, because they

are no longer cumulative. A person with a specific theta

level will have a separate probability of response for each

response category. This category response function pro-

vides the probability that a randomly selected individual at

say h = 0 (average ability) will respond in category k.

Computing expected item and test scores: Expected item

and test (scale) scores can be computed for both dichoto-

mous and polytomous items. Lord and Novick and Birn-

baum [24, p 386] introduce the notion of true scores in the

context of IRT. A person’s true score is their expected score,

expressed in terms of probabilities for binary items and in

terms of weighted probabilities for polytomous items. The

test characteristic curve described in Lord and Novick

related true score or averaged expected test score to theta.

For a dichotomous item scored 0 and 1, the expected or

true score is simply the probability of scoring in the ‘1’

category, given an individual’s estimated ability or Pi(hs),

where Pi(hs) is the probability of scoring a ‘1’ on item i for

subject s.

PiðhsÞ ¼ 1=f1þ exp½�aiðhs � biÞ�g:

(Here it is assumed that c (guessing) parameters are

estimated at 0).

For a polytomous item, taking a graded response form,

the expected score is the sum of the weighted probabilities

of scoring in each of the possible categories for the item.

For an item with 5 response categories, coded 0 to 4, for

example, this sum would be:

0 � ½Pi0ðhsÞ� þ 1 � Pi1ðhsÞ þ 2 � Pi2ðhsÞ
þ 3 � Pi3ðhsÞ þ 4 � Pi4ðhsÞ

For the graded response item with k categories, there are

k–1 estimated bs and so in the example above, there will be

four probabilities computed.
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Recall that in the graded response model, the boundary

response function defines the cumulative probability of

scoring in category k or higher:

PikðhsÞ ¼ 1=f1þ exp½�aiðhs � bikÞ�g:

Thus, the probability of scoring above category k must be

subtracted out in order to obtain the probability of scoring

in the category. (This was illustrated in the previous sec-

tion.)

Note that Pi(hs) = 1/{1 + exp[–ai(hs–bi1)]} – 1/

{1 + exp[–ai(hs–bi2)]}.

As an example, the expected or true score as a member

of the African-American group is the sum of the weighted

probabilities of scoring in each of the possible categories

for each h, coded 0,1,2.

0þ 1 � Pi1ðhÞ þ 2 � Pi1ðhÞ

A true or expected score for an individual of mild dis-

ability (h = –1.0) as a member of the white group would

be:

0ð:59Þ þ 1ð:3767Þ þ 2ð:0360Þ ¼ :4487

A true or expected score for an individual of mild dis-

ability (h = –1.0) as a member of the African-American

group would be:

0þ 1ð:5545Þ þ 2ð:0683Þ ¼ :6905

The expected test score for a subject with estimated ability

h is simply the sum of the expected item scores for that

individual. Plots of expected scores against theta can then

be constructed for given values of theta. Individual ex-

pected scores are used in the calculation of magnitude and

impact indices discussed below.

Computing Non-Compensatory Differential Item Func-

tioning (NCDIF): Two measures developed by Raju and

colleagues [16] are based on IRT (see also Flowers et al.

[17]). These measures are compensatory and non-compen-

satory DIF, or CDIF and NCDIF. NCDIF is more like

indices of DIF such as the area statistics and Lord’s chi-

square; the assumption is that all other items in the test are

unbiased, except for the studied item. CDIF does not make

this assumption. The advantage of these measures over

Lord’s chi-square and the area statistics, such as Raju’s

signed and unsigned area statistic is that they are based on

the actual distribution of the ability estimates within the

group for which it is desired to estimate bias, rather than the

entire theoretical range of theta. If, for instance, most

members of the focal group fall within the range of theta

from –1 to 0, rather than between –1 to +1 on the continuum,

the area statistics will give an inaccurate estimate of DIF.

NCDIF is computed exactly like the unsigned proba-

bility difference of Camilli and Shepard [15]. For each

subject in the focal group, two estimated scores are com-

puted. One is based on the subject’s ability estimate and the

estimated a, b and c parameters for the focal group, and the

other based on the ability estimate and the estimated a, b

and c parameters for the reference group. Each subject’s

difference score (d) is squared, and these squared differ-

ence scores are added for all subjects (j = 1, n) to obtain

NCDIF.

NCDIFi ¼ ½
X

j¼1;n

ðESsiF � ESsiRÞ2�

As an example, NCDIF for item i is the average difference

squared between the true or expected scores for an

individual (s) as a member of the focal group (F) and as

a member of the reference group (R). Using the example

shown above for a person at theta=-1.0,

d ¼ ð:6905� :4487Þ2 ¼ :0585

This quantity is then summed across people and averagedP
d / n. This value is the NCDIF, which (as mentioned

above) is also the unsigned probability difference (UPD)

illustrated by Camilli and Shepard [15]. NCDIF is the

average difference between the true (expected) scores for

groups, and provides a measure of DIF magnitude. New

methods for determining NCDIF cutoffs for binary items

have recently been described [44].
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