Differential Item Functioning (DIF) Approaches In
Determining Construct-Irrelevant Sources s Leon s e

SIMULATION STUDY

For the purposes

of this commentary
the simulation paper
asked two relevant
research questions:

RESEARCH

0 DO VARIOUS METHODS OF DEFINING THE
MATCHING CRITERION (THETA) IMPROVE
TYPE ONE ERROR RATES AND POWER
AS COMPARED TO USING THE TOTAL
TEST SCORE?

QUESTIONS

e DOES THE BEST PERFORMING NCDIF
MODEL OUTPERFORM OTHER COMMONLY
USED DIF APPROACHES UNDER THE
TESTED CONDITIONS?

IMPORTANCE OF ALTERNATIVE METHODS TO DEFINING MATCHING CRITERION

FOUR THETA METHODS TESTED:

when the ability proxy is based on the raw score;

when the ability proxy Is based on the raw score
portioned into 40 percentile groups;

magnitude items removed and the resulting score IS
portioned into 40 percentile groups; and,

when the matching criterion is weighted by a function
of the NCDIF magnitude and the resulting score 1s
portioned into 40 percentile groups.

when the matching criterion i1s moderate NCDIF I

USE OF DIF METHOD

A multiple regression approach was applied in order to examine the relationship
between each of the complexity features and the signed uniform DIF findings.
Signed uniform DIF findings were obtained using NCDIF with logistic regression.
The data were split into three strata representing items with low percentage

range above guessing (PRAG; 0-11), moderate PRAG (12-29) and high PRAG (30
or above).

The following two figures (1 & 2) as used in Abedi and colleagues (2010), dem-
onstrate that a relatively easy item will have a high PRAG for a low performing

focal group when compared to a more difficult tem. As a consequence the pres-

ence of content that is ‘irrelevant’ to the construct being measured on an easy
item will have more opportunity to impact performance of a low ‘ability” focal
group then the same ‘irrelevant’ content would have If present in a difficult item.
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FOUR DIF TECHNIQUES TESTED.

Mantel Haenszel (IMH),
ogistic regression in conjunction with the NCDIF index (LR-NCDIF),
IRT-LR method in conjunction with the NCDIF index (IRT-LR-NCDIF),

original SIBTEST (SIB) and Crossing SIBTEST (CSIB).

DIF MODEL

NCDIF = O (21 + U ‘2, ence group examinees were taken from a normal distribution with an ability mean of 0 and a
standard deviation of one. Focal group examinees were also taken from a normal distribution but 200 600 1800
with an ability mean of -1 and a standard deviation of one.
. L L 350 1050 3150
Where d represents the difference between the expected score for a focal group subject from Hifty samples were generated for each reference to focal group combination resulting in a total of
what the expected score would have been for a reference group subject of the same ability. 300 simulated samples. 500 1500 4500

SIMULATION RESULTS
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FIGURE 1- ICC CURVE OF AN EASY ITEM.

IRT Parameters: Guessing = 25%, Discrimination (both groups) = 1,
Location = -.0.5 (focal) and -1.0 (reference)
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NCDIF was measured based on differences in expected item scores produced
by logistic regression. The NCDIF formula can also be expressed as:

MATCHING CRITERION METHODS:

With regard to item level performance method #4 clearly displayed superior power to detect DIF without
exceeding Type | error rates when compared to the other three methods. Simulations conducted under
method #1 consistently overestimated the degree of NCDTF. In addition, simulations conducted under
method #1 also predicted a positive @, for each of the focal/reference group combinations even though
the true i, was negative ( m, = -0.51).

DIF TECHNIQUES COMPARED:

The LR-NCDIF method displayed superior power to detect DIF without exceeding Type | error rates
when compared to the other four methods. The only exception to this finding occurred at the smallest
population simulations (focal n=200, reference n=600) when a Type | error rate of 0.01 was required.
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FIGURE 2 - ICC CURVE OF A DIFFICULT ITEM

ABILITY

IRT Parameters: Guessing = 25%, Discrimination (both groups) = 1,
Location = 1.0 (focal) and 0.5 (reference)

PURPOSE + OVERVIEW | This presentation summarizes two prior papers that concern the use differential item functioning (DIF) analyses as an approach in deter-
mining construct-irrelevant sources for the condition where reference and focal group populations exhibit substantial performance ditferences. The first paper Is a simulation
naper that outlined a new approach (NCDIF) using logistic regression and demonstrated the importance of accounting for bias in the matching criterion. The second paper
includes an application of this DIF approach to examine potential construct-irrelevant sources on reading performance for students with disabilities. One important question
involves the manner in which the technique can define the matching criterion (theta). Another question 1s whether the technique measures DIF magnitude in relation to the
focal group of Interest.

STUDY + DESIGN SAMPLE

A 60-1item test comprised of 10 DIF and 50 no-DIF items was generated from the IRT 3 param-
eter model using WINGEN software. DIF items were defined so that their true NCDIF index was
equal to a measure of the threshold for large DIF

REFERENCE AND FOCAL GROUP
POPULATION SIMULATED

Examinee data was generated over a broad range of focal to reference group populations. Refer- REFERENCE GROUP (N )

FOCAL GROUP (N)

DIF METHOD APPLICATION STUDY + DESIGN SAMPLE

APPLICATION TO This study analyzed a total of nine assessment forms from grade 8 reading '
READING PERFORMANCE assessments in three states, for a total of 490 reading test items.The develop- .
ment of a rubric used to evaluate test items and reading passages began with \
iy =ARCH QUESTIONS discussions about features that could interfere with the ability of students |
with disabilities to access content in reading assessments. |
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RESULTS

DISCUSSION | The papers summarized in this commentary have demonstrated that it is important to understand the strengths
and weaknesses of various DIF techniques relative to the questions a researcher intends to inform and the populations being studied.
When the focal group of interest Is a low performing group and the question of interest involves the potential impact of construct irrel-
evant sources on that group, a pre-requisite Is that the technique can measure the magnitude of DIF in relation to the focal group. In ad-
dition the simulation paper showed that simply using the total test score as a matching criterion can lead to misleading conclusions.

* There was a strong correlation between item PRAG and the signed
uniform DIF results (r = -0.762). The majority of items indicating DIF
against SWDs had PRAG values over 30.

* Fifteen out of the twenty-one accessibility features showed significant
contributions among the high PRAG items each indicating students
with disabilities were more affected by these features.

 Fach of the features offered unique contributions in explaining the DIF
results. However, the associations between the five complexity cat-

egories and the DIF findings were not present in the items with moder-
ate and low PRAG.

* |t appears that the difficulty of these items impairs the detection of
nuisance factors through signed uniform DIF.

The second paper demonstrated the application of a DIF technigue in conjunction with reading accessibility features. ltems with ad-
equate percentage ranges above guessing (PRAG) were associated with the DIF results, indicating that the performance of students
with disabilities were more affected by the accessibility features. This finding may have been missed if the DIF magnitude measure was
not measured directly in relation to I1ts impact on the focal group or If it was not sensitive to groups with large ability differences and
unbalanced population sizes.
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