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Abstract

Identifying distractors as sources of Differential Item Functioning(DIF) in
polyotomous items has great importance to designers and analysts. Although
DIF is one of the common methods for examining the measurement invariance,
It is accompanied by challenges and limitations, especially in multiple choice
items. The purpose of this study was to assess the performance of Nested logit
Model(NLM) for detecting Differential Distractor Functioning(DDF) by using
experimental (simulated data) and descriptive-analytical (real data) methods.
Six items were simulated under different conditions of difficulty and slope,
ability distribution, presence or absence of DIF/DDF, and DIF/DDF magnitude,
with a sample size of 2000 and 50 replicates. The data of Math Entrance Exam
(D-form,2018), with a random sample of 2000 men and women constituted the
real data. Based on the results of the simulation analysis: The NLM revealed
88% of DIF and 97% of DDF, on average. the Type | error rates is very close to
the theoretical expected values, although it showed some inflation in unequal
distribution conditions. according to the findings, the detection rate was
influenced by the item parameters(difficulty and slope) and the DIF or DDF
levels. Based on real data analysis, 2 items represented both DIF(Large and
Medium) and DDF (Partial to Moderate) simultaneously, whereas in the NRM
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approach, 11 items detected as DIF/DDF; so, as expected the approaches based
on “divided by distractor” strategy, fewer items were detected as DIF/DDF. The
NLM approach, while separating the DDF from the DIF test, allows for a clear
evaluation of whether the distractor may be responsible for DIF. Since high-
stakes tests have a special role in selection and DIF and DDF analyzes have a
special place in determining the validity and measurement invariance of these
exam items, it is recommended to screen the bias items, DIF/DDF
comprehensive analyzes based on NLM be used.

Keywords: Differential item functioning, Differential distractor
functioning, Two-parameter nested logist model, Simulation studies

1. Introduction

DIF analysis is essential for ensuring test fairness and maintaining
measurement validity. Despite the focus on dichotomous-scored items,
multiple-choice items are also subject to DIF, with distractors being a
frequent culprit (e.g., Banks, 2009; Penfield, 2008, 2010; Suh & Bolt,
2011; Suh & Talley, 2015). As mentioned previously, the concept of
DDF is often employed to explain instances where individual
distractors display distinct levels of attractiveness among individuals of
the same ability but from different groups, as per the definitions defined
by Suh & Bolt (2011). As pointed out earlier, DDF in itself is not
problematic; however, when DDF is related to DIF, it becomes an issue,
as one group may gravitate towards particular distractors, decreasing
their chances of attaining the right answer (Banks, 2009). Studying
DDF in conjunction with DIF analysis is crucial to gaining insight into
the reasons behind DIF in multiple-choice items. As per Suh and Bolt
(2011), there has been an apparent lack of consistency in the
terminology employed in the psychometric literature to identify DDF
effects.

The aforementioned conceptualization of DDF can vary, wherein the
term is alternatively used to denote a differential level of performance
between distractors or the correct response ("divide-by-distractors™ and
"divide-by-total” frameworks, respectively). Considering your
referenced conceptualizations, the application of the "divide-by-
distractors™ approach may better address the potential connection
between distractors and DIF in the correct response. Identifying the
distractor causes of DIF can indeed offer insightful information that can
be leveraged for making productive changes to item adjustment and
design, thereby contributing to enhanced fairness and reliability in
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assessment. Despite several methods being developed for the
identification of DDF, the specific advantages of these techniques and
their relative efficacy under varying conditions remain undecided. The
limited research on the subject has yielded inconsistent results, as
showcased by the work of Su and Talley (2015).

The 2PL-NLM approach, as outlined by Suh and Bolt (2011), is
centered on identifying DDF based on incorrect responses only,
adhering to the concept of "divide-by-distractors." Given the
aforementioned DDF conception, where DIF affects the correct
response. The occurrence of DDF may be absent. Therefore, these
approaches enable the separation of the two DIB sources via a two-step
process, where a DIF analysis is done first and subsequently followed
by a DDF analysis to assess if this distractor causes the inaccurate
appearance of DIF on the correct answer option. Although the nested
logit approach based on the "divide-by-distractors"” framework appears
to provide multiple benefits in identifying the potential sources of DIF
(Su and Bolt, 2011), the currently available evidence is insufficient to
validate this assertion. The present study sought to evaluate the efficacy
of the two-paramater nested logit model (2PL-NLM) in identifying
differential distractor functioning in diverse circumstances, utilizing
Monte Carlo (MC) analyses of simulated data and inspection of actual
data sets.

Research Question(s)

1. Does the ability distribution of groups (same and different), the
difficulty and discrimination of items, the size of DDF (medium, large),
and the size of DIF (small, medium, large) placement affect the
identification of the differential functioning of a question using the 2-
paramater nested logit model?

2. What is the correlation between differential item functioning and
differential distractor functioning in actual tests?

2. Literature Review

Several researchers are examining distractor choices in tests. For
example, Green et al. (1989) used log-linear models to check whether
there is a potential interaction between a group attribute (e.g. gender)
and distractor choice when ability is kept constant. Likewise, the second
approach investigates DDF by considering the conditional probability
of each distractor when group attributes such as gender are held
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constant (Dorans et al., 1992). Additionally, a third method draws on
item response theory (IRT) and the likelihood ratio test (LR) to measure
DDF (Thissen, Steinberg, & Gerrard, 1986; Thissen, Steinberg, &
Wainer, 1988, 1993). As an example, Thissen et al. (1993) applied an
LR test to gauge the differences between groups with respect to the
response curves associated with all response categories, as per the
Multiple-Choice Model (Thissen, Steinberg, & Fitzpatrick, 1989).
Indeed, Suh and Bolt (2011) proposed a two-step LR test approach
under the 2PL-NLM and compared it with an LR test conducted based
on the Nominal Response Model (NRM; Bock, 1972) as a
complementary alternative. Additionally, Penfield (2008, 2010) put
forth an odds ratio estimate approach under the Nominal Response
Model (NRM) to enhance DDF detection power and appraise various
ways in which distractors potentially lead to DIF.

3. Methodology

To evaluate the effectiveness of distractors as potential contributors to
DIF in practice, a combined simulation- and actual-data analysis
experiment was initiated.

Detection Method

According to Suh and Bolt (2011), the 2PL-nested logit model (2PL-
NLM) has been suggested as a viable alternative to conventional
multinomial logistic models (such as the Nominal Response Model
NRM; Suh & Bolt, 2011) and claimed to offer an advantageous
approach to probing DIF and DDF in multiple-choice items (Suh &
Bolt, 2011).

Under the 2PL-NLM, the probability that an examinee of ability 6j
chooses the correct response category on item i is modeled as the
traditional two-parameter logistic (2PL) model and given by:

1
pi(a) = 1+exp—(b+aqj)

Where bi denotes an intercept parameter and «i is a slope parameter for
item i. The probability that the examinee selects distractor category v (v
=1,2,...,m)ismodeled as the product of the probability of an incorrect
response and the probability of selecting distractor category v
conditional upon an incorrect response:
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where {'s and 4 s are the intercept and slope parameters for the distractor
categories, respectively. Such a nested logit modeling framework can
be appealing for studying DDF, as this framework creates a separation
between the correct response category parameters and distractor
category parameters that can be used to evaluate DDF independent of
DIF (Suh & Bolt, 2011).

Indeed, Suh and Bolt (2011) laid out a three-tiered framework under the
2PL-NLM with varying constraints for investigating DIF and DDF: (a)
a "compact model”, whereby all item parameters of the under-
investigation item are set equal across groups; (b) an "augmented
model”, in which the distractors' parameters, specifically, are
constrained to be equal across groups; and (c) a "second augmented
model” wherein none of the studied item's parameters are constrained
to equality."

The LR test statistic is calculated as G2 =—2 log L1 — (-2 log L2), where
log L1 and log L2 are the log likelihoods for a simpler model and a more
complex model, respectively, and is distributed as a y* with degrees of
freedom (df) equal to the difference in the number of parameters
estimated between the two models. Indeed, a DIF test can be
accomplished with the calculation of the G2 statistic in two steps. First,
by comparing the Compact and the First Augmented models (TEST1).
Then, a G2 statistic test of the First and Second Augmented models
(TEST2) can assess the presence of differential distractor functioning
(DDF). When this investigated item yields significant results for both
TEST1 and TEST2, indicating DIF and DDF, the distractors seem to
influence the DIF at least in part.

Data Simulation

The performance of the likelihood ratio (LR) test in detecting DDF, in
the 2PL-nested model, was evaluated on three datasets: (1) "Non-DIF"
data without either DIF or DDF for the investigated items; (2) "DIF"
data with only DIF, implying the absence of a distractor influence; and
(3) "DIF+DDF" data, signifying the combined presence of both DIF
and DDF. The combination of conditions allows one to probe the Type
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| error rates and rejection rates (primary outcomes) associated with the
likelihood ratio (LR) test when implemented via the multi-group 2PL-
nested model. The simulated data collection tool was a test consisting
of 36 four-choice items. We designed it via the mcIRT package in the
R environment. We constructed the test for 1000 focal group and 1000
reference group participants, employing 50 replication cycles.

The selected independent variables include: 1. Question parameters
(e.g., difficulty, discrimination); 2. Population ability (or ability
distribution); 3. Differential functioning (or DDF) (present/absent); 4.
Magnitude of the DDF; 5. Sample size; 6. Test length. These factors
were the same for both reference groups.

Ability distribution: Differences in ability distribution can affect the
detection of DIF (Judin & Girel, 2001); Therefore, in order to simulate
the situation in which the ability level of the groups is the same (no
effect) from the standard distribution 6 ~ Normal(0, 1) for both groups
and to simulate the situation in which one group has more ability than
the other group (presence of effect), the 6 ~Normal(0, 1) distribution
was used for the reference group and the 8 ~ Normal(—.5, 1) distribution
was used for the focal group.

Anchor items sets: the same set of anchor items was used across all
three conditions. 2PL-nested model parameters for 30 anchor items
with four-response categories (i.e., one correct answer and three
distractors) were generated using the following distributions: a ~
uniform (.75, 2) and B ~ uniform (—2.5, 2.5) for the correct response
category, and A ~ uniform (-2, 2) and { ~ uniform (-2, 2) for the
distractor categories. The constraints were imposed for the distractor
categories.

Non-DIF data: six studied items without DIF were simulated by
crossing two slope parameter values, a = 1.25 and .75, with three
intercept parameter values, § = 1.5, 0, and —1.5, for the correct response
category. The item parameters for distractors were A, =0.26, -0.28, 0.02

for slope and ¢, = -0.22, -0.14, 0.36 for intercept and were fixed across

all six items.

DIF data: for studied items in the DIF data sets, three DIF levels were
simulated: low (Ab = 0.25), medium (Ab = 0.5), and high (Ab = 1).
Also, DIF in the slope parameter of item was Aa =0.3. For the reference
group, the Non-DIF item parameters for the six studied items were
consistently used, whereas for the focal group, .25, .5, and 1.0 were
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subtracted from the Non-DIF [ parameters, making the items more
difficult. These values represent low (DIF-L), medium (DIF-M), and
high (DIF-H) levels of DIF. DIF in the slope parameter was introduced
at a shift level of .3, such that the slope parameters for the focal group
were set .3 higher than for the reference group. Thus, three different
levels of DIF in the correct response category for each of the six studied
items were generated, resulting in a total of 18 DIF items simulated.
The distractor category parameters for both groups were set equal to the
parameters used to generate the Non-DIF data sets.

DIF+DDF data: for items with DDF two DDF levels: medium (AZ =

0.4) and high (AZ = 1.2) were simulated. DDF in the slope parameter

of distractors was A4 = 0.3 that were introduced simultaneously with
DIF in the parameter of difficulty and intercept. To generate studied
items for the DIF+DDF data sets, two levels of DDF related to the
distractor intercept parameters were crossed with the three levels of DIF
described earlier (DIF-L, DIF-M, DIF-H) to generate six different
combinations of conditions. For DDF, the third category intercept ((3)
was arbitrarily chosen to be lower for the reference group, thus making
the other two distractor intercepts higher for the reference group due to
the constraint. By subtracting either .4 or 1.2 from (3 for the reference
group, moderate and high levels of DDF were simulated. Because these
two conditions were crossed with three DIF levels, there were six
different types of studied items for each condition, implying a total of
36 DIF+DDF item types.

In total, 6 items without DIF (and without DDF), 18 items with DIF,
and 36 items with DIF+DDF (each with 50 replications), were
generated from the combination of different conditions.

Actual Data

Actual data was obtained from "Mathematics - 30 items" sub-test, the
Form D section of the specialized Science Subgroup exams of the 2018
Iranian college entrance examination. For the secondary analysis, the
statistical population consisted of all students who took at least one
math’s test item during the exam. A sample of 1000 men (reference
group) and 1000 women (focal group) was randomly selected from this
population using data provided by the national measurement entity.

In order to select a suitable group of items as anchors in our data, we
utilized the iterative purification technique (Lord, 1980). This process
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involved conducting a likelihood ratio (LR) test to identify items that
did not display significant differences between response categories,
implying that they weren’t exhibiting DIF. We adopted an approach
initially introduced by Kim and Cohen (1995) during our analysis. After
conducting the iterative purification method, we decided to discard 12
items that showed signs of DIF (significant differences in response
pattern) and one item exhibiting DDF (differential distractor
functioning). Thus, we selected 17 items for our analysis. We identified
17 items as anchor items, which did not display any signs of DIF or
DDF during our analysis. We subsequently proceeded to examine all
remaining items for those effects with the 2PL-MNL model and Bock's
(1972) NRM.

4. Results

- Based on the simulation data, the nested logit model accurately
identified 87.7% and 97.5% of the DIF and DDF items respectively,
reflecting its strong power, especially about DDF.

- The simulation data suggests that in the absence of any differential
functioning and under conditions of equal distribution of ability, type-
1 error rates observed for DIF and DDF were 0.043 and 0.047,
respectively. However, under conditions of unequal distribution of
ability, minor increases in the type-1 error rate to 0.055 for DIF and
0.054 for DDF were noticed, which still falls within the nominal alpha
range of agreement.

- Per the findings, the detection of DIF was influenced by the item's
parameters, specifically its difficulty level and slope. Such that as the
difficulty level increased or the slope decreased, the power of
identifying DIF exhibited a rise.

- The detection rate of DDF seemed to have a high dependence on the
item's parameters, specifically its difficulty and recognition
capabilities. The simulation results suggested a significant rise in the
detection of DDF when the item's difficulty level was lowered or its
power heightened.

- The findings highlighted another noteworthy aspect the potential
concurrence or absence of both DIF and DDF. The logical explanation
suggested that the aforementioned separation was possible because the
nested logit method incorporated the "division by deviant alternatives"
approach, a framework that enables the decoupling of DIF sources with
a two-step strategy, as explained by Su and Bolt (2011).
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- The empirical results based on the actual data revealed multiple DIF
and DDF instances. Specifically, 9 questions showcased DIF, 4
questions expressed DDF, and 2 simultaneously contained both DIF
and DDF signs. Additionally, the findings revealed the superiority of
the nested logit model, which relied on the "divide by deviant options"
strategy, in comparison to the nominal response approach, which
categorized 11 questions as having DDF. This difference indicates that
the nested logit approach was more conservative in DDF detection, as
noted by Su and Talley (2015).

5. Conclusion

It is certainly vital to distinguish between DIF and DDF, especially in
multi-choice questions. Such insights could help in adjusting or creating
alternative questions that alleviate this discrepancy, ultimately
enhancing the quality of assessments. The two-step process, using the
two-parameter nested logit (TPNL) model, possesses the capability to
establish whether the DIF is the result of different distractor function.
The separation of the DIF and DDF tests enhances the accuracy of
identifying the source of the bias and providing support for content
experts to identify problematic distractors. It also enables the
incorporation of a robust correction mechanism into future tests.
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1. standardization approach
2. effect size
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1. likelihood ratio (LR)
2. response curves
3. 0dds ratio estimator
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1. Monte Carlo Studies
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1. missing value
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1. anchor item set
2. iterative purification procedures
3. Number of Replications
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1. 2PL-nested logit model (2PL-NLM)
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1. constraints
2. compact
3. augmented
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1. effect size
2. Standardization Index
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