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A Multilevel Assessment of Differential Item Functioning

Linjun Shen, Ph.D., MPH

National Board of Osteopathic Medical Examiners

Traditional methods of differential item functioning (DIF) analysis, such as stratified Mantel-
Haenszel methods', logistic regression analysis or conventional Rasch model approach', all
assume the differentiating factors function in the same pattern for examinees with the same
characteristics. Very often, examinees are nested in different organizations such as classes,
schools, or countries. The behavior of differentiating factors may vary among such
organizations. For example, in some schools, boys may be good at certain topics of math, in
other schools, which are conscious about the gender effects on learning math, this may not be
true. Without considering the impact of nesting variables, estimation of DIF may not be
sufficient and understanding of the effects of DIF may not be adequate.

Assessment of DIF needs a multilevel perspective. The purpose of this study was to propose a
multilevel approach to DIF and compare this approach with traditional logistic regression
approach.

Methods

Instruments and subjects

This study used the data from the Comprehensive Osteopathic Medical Licensing Examination
(COMLEX) June 1998 Level 1 examination developed by the National Board of Osteopathic
Medical Examiners (NBOME). A total of 2300 freshman osteopathic medical students from all
the 17 osteopathic schools took the exam. The number of students of each school ranged from
56 to 240.

The exam had 800 multiple choice items with a KR-20 reliability of .92. To explore the
multilevel approach and demonstrate the differences of this approach from the conventional
logistic regression, this study randomly selected 15 items for analysis from the discipline
Osteopathic Principles and Practices (OPP), curricula of which were believed varying among
osteopathic medical schools.

Modeling

This multilevel approach used a three-level hierarchical generalized linear models (HGLM)4.
The level-1 model was the measurement model:

POjk+ P 11(1jk+ P2jelr2jkl.' PqjklYqfic+"'+P 14jkX.14jk
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This model was a logistic regression model. no was a log odds of person j of school k's success
in item i . Xuk through Arivkhad a value of 0 or 1 identifying item I. 13,1k was the ability of person

j in school k on item q. 13ofr represented the ability level on the 15th item when all of the xochad

a value of 0.

The Level-2 model estimated the person ability on item g at the Level-1 by adjusting individual
examinees' overall achievement level on the subject OPP since the chance to succeed on any of
the OPP item was certainly the function of that person's overall knowledge level on that
discipline. The overall achievement level of OPP was generated by the Rasch model based on all

90 OPP items in the exam. In the Level-2 model, the person measure of OPP ability was
centered around school mean into OPP, so that it represented the mean achievement level on

OPP for examinees in school k.

1 girYq0k+Yq1k(Mik+13jk

Since OPP, was the school mean, conditioned on 0PPk, yokbecame the unique ability on item q

for average students in school k.

The Level-3 models captured the school effects on the Level-2 random coefficients:

q0C7C q00+V

Yoe-rcgol+vok

In the Level-3 model, ico,was the grand mean of all 17 school and V ok was the deviation from
the grand mean for school k. The parameter of interest was If t hi-square test shows it
significantly different from zero, the implication would be that yo the unique person ability on
item q of average students in school k was significantly different from that of other schools.
This would signify the DIF of item q by schools.

The above multilevel approach was compared with the following single level logistic regression
approach. The notations of the following model were independent from the models above.

11 P 013 1 W1+ P 2W2+ q Wq++13 16 W16+ 13 17OPP1+j

where Prcwas a school indicator with a value of 0 or 1 . After conditioned by the performances

on OPP, any significant 13 would indicate students in school q performed differently from the

baseline on the item i. This approach analyzed DIF one item a time.

There were two conceptually significant differences between the hierarchical models and the
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regular logistic model. Firstly, the HLM models partitioned the overall variation among
students' probability of success into the variation at school level, in this study, the differentiating
factor, and variations among the probabilities on different items within the same students, and
variations among students within the same schools. Therefore, the size of the actual variance
across schools, in most cases, would be smaller with HLM models than with the conventional
logistic model. Secondly, the impact of the confounding variable OPP in logistic regression was
averaged across schools without considering its variation among schools, while in HLM models,
the coefficient of OPP was modeled to have random variation at school level. Consequently, the
adjustment of confounding factor in the HLM models were more precise. This can be
demonstrated by a combined model of all three HLM models.

Two modeling approaches generated parameters with different meanings. Direct comparison of
the parameter estimates was difficult. As a preliminary study, this paper first compared the
conclusions from the two approaches in terms of the results of significant test of DIF. More
specific analyses were given to the items which two approaches did not agree on. The
expectations, based on the conceptualization of the differences of the two approaches, were that
conventional logistic regression would overestimate the significance of the DIF and HLM
approach would identify less items with significant DIF.

Results

The software HLM for Windows version 4.04 executed the HLM analysis and SAS Proc Logistic
conducted the conventional logistic regression analysis. The HLM analyses found that no item
had a significant within school variation. Except items 2 and item 4, none of the rest of items
had a significant random effect of the slope of OPP at the Level 2. Theoretically, for the items
with non-significant within school effects but significant school variations, the models could be
reformulated into two-level models. For the items with non-significant within and between
school variations, the models were conceptually a single level conventional logistic regression
model. However, practically, the three-level formulation still resulted in some differences which
could be meaningful for marginal items.

Table 1 compares the results of the two approaches. Except three items, the logistic regression
found school was a significant differentiating factor for all the other items even most of them
were marginally significant with significance level in the range of .055 and .07. For all those
marginally significant items, only one school had a significant odds ratio. In contrast, the HLM
approach signified only 5 items having DIF due to the school factor. Using the estimated
parameters in the HLM residual files, 95% confidence intervals of odds ratio for items with
marginal significance were calculated and listed in Table 1. Clearly, due to different
conceptualization, parameters for individual schools were estimated differently by HLM and
logistic regression.

The percentages of school level variance in the overall variance of n listed in Table 1
demonstrate that, in general, items with nonsignificant DIF due to school factor had small
percentage of school level variance and vice versa. Items 7 and 9 appear to be exceptions.
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Discussion

It was not surprising to see that HLM was more conservative in identifying DIF in this particular
study. Variation partition and multilevel formulation of the confounding variable OPP
contributed to the differences of the results of the two approaches. As results, in many cases, the
actual size of DIF estimated by HLM was smaller than the conventional logistic regression.

The differences between the two approaches have a broader implication. In MH approach, the
stratification variable is assumed functioning consistently across the next level variable just as in
logistic regression, therefore, the arguments HLM made also apply to MH approach. However,
HLM approach will make differences only when a multi-level data structure is present

Due to the limited scope, tMs study did not demonstrate how to model a differentiating factor at
the individual level such as gender or race. However, the method presented here will still be
applicable to individual level differentiating factors. The difference is that variables of gender or
race need to be placed in the level 2 model instead of the level 3 model, and let the school level
variables in the level 3 model estimate the random effects of the differentiating factor at the level
3.

More work need to be done to further explore and explain the differences between the two
methods. Such comparison should also include MH approach. Important findings of this study
are that the multilevel approach to DIF is meaningful and the results appear reasonable.
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Table 1

Comparison between HLM and Conventional Logistic Regression

Item

Significance

Logistic HLM

% of school

level variation

95% C.I of Odd Ratio**

Logistic HLM

1 + + 64 *** ***

2 +* + 80 1.03, 1.17 1.37, 2.86
3 +` 7 .45, .92 .36, 1.12
4 +* + 75 1.33, 2.02 1.24, 3.56
5 +* 23 .28, .96 .39, 1.24
6 + 12 1.06,3.48 .64, 1.36
7 _ 75 *** ***

8 58 1.02, 1.33 .72, 1.57
9 +* 70 1.10, 1.73 .86, 3.50
10 + 79 *** ***

11 +* + 34 1.14, 1.79 1.86, 3.23
12 +* 48 1.04, 1.36 .88, 2.57
13 +` 21 .66, .97 .48, 1.79
14 +* 12 .56, .93 .47, 1.85
15 33 *** ***

* Marginally significant at .05 level. For the items with marginal significance, only one school's
odds ratio was barely significant and the rest of the schools did not have a significant odds ratio.

** For marginally significant items.

*** More than one schools or none of the schools had significant odds ratio.
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