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Abstract
Differential Item Fundioning (DIF) occurs when there is a greater probability of solving
an item based on group membership after controlling for ability. Following administration of a
50-item scientific and quantitative reasoning exam to 286two-year and 1174four-year students,
items were evaluaed for DIF. Two-year students performed better-than-expected on 13 items
and worse than expected on 10items. Reasonsfor DIF are explored, alongwith theimportance
of conduding thistype of study.

Introduction

Asinditutionscommit to greater assessment activities on their campuses, the search for
appropriate ingrumentation ensues, especialy in the measurement of student learning.
Assessment professionds may optto adoptor adgot an exam tha was developed at another site
to gaugestudent learning at ther inditutions When usng an exam developeal at onelocationto
assess students at a different school, the expectation is tha any set of students with the same
ability should perform aboutthe same on a given test item. However, dueto other factors, like
on-campusculture, sodoeconomic differences, and variationsin exposure to material, student
scores may diverge despite similar ability. Examination of differential item fundioning (DIF;
Hambleton, Swaminahan & Roge's, 1997 can inform consumers of tests aboutwhether factors
other than ability affect test scores.

For the community college andthe 4-year inditution tha served as sites for this study,
assessment has been incorporated into ther academic schedules; students are aware of mandaed
testing at thetime of application. Additiondly, a professiond partnership exists between thetwo
schools: thefour-year school serves as atrander site for the community college, and some of the
ingruments developed at 4-year school are leased out to the community college

Sdaentific and Quanitative Reasoning Assessment

Thescientific and quantitative reasoning ingrument (SR/QR) used for this study had
been developed over the course of several years at thefour-year ingitution. Theitems had been
crafted by faculty expertsin science and mathematical disciplines with the assistance of
measurement experts.

At both inditutionstha served as data collection sites, dedicated Gassessment daysOwere
hdd during the spring semester; classes were cancelled for theday so that students participae in
therequired testing withoutpotential schedule conflicts; the data used for this research were

Thek - Detecting Items That Fundion DifferentlyE 1



Research & Practice in Assessment Volume 2, Issue l January 2008

collected during such assessment days. For this study, both inditutionsadministered the same
version of the SR/QR.

Differential Item Fundioning (DIF)

When students have the same ability level, the probability of solving a given item
correctly should bethe same for any student. However, sometimes factors other than ability are
influential uponthe score: access to information, languaye skills and testing conditions for
example. If different groupscomprise thetest-taking popuktion, a DIF study can bedesigned
and implemented. For this study, the daa set was divided into two groups 2-year-school
students and 4-year-school students. Hambleton, Swaminahan and Rogea's (1991)providea
condse and useful definition of DIF: QAn item shows DIF if individuds having the same ability,
but from different groups do not have the same probability of getting an item rightO(p. 110).
Figure 1 further illudrates DIF.

DIF isingrumental in aerting test usersto the possible presence of bias at theitem level.
The presence of DIF is anecessary component of bias, athoughnot sufficientinitself to deduce
tha biasis present. If DIF isfound further investigation mug take place to determinewhether
thedifferencesin paformance onthese items are dueto unfairness. A somewhda less alarming
situaionwould bethe case of an item showing DIF because studentsin tha grouphave not had
course expoaure that would assist in solving theitem successfully. In any case, aDIF andysis
can provide preliminary evidence aboutthe degree to which certain test items are biased for or
agang paticular groups

Method

For both ingitutions testing was mandaed for students and hdd on designaed days on
which classes were cancelled. Two-hundeed eighty-six community college studentsand 1174
four-year college students paticipated in testing, yielding the data used for this project. Theraw
daawere scored for each groupand the two data sets were concatenaed following the addition
of agroup-ID variable. To determinewhich items on the SR/QR demondrate DIF between the
community college and four-year college groups item parameters were first estimated by item
response theory (IRT). DIF wasthen calculated usng these item parameters.

In IRT three main modds are used to estimate item parameters. These modds are, in
orde of complexity, the oneparameter logistic modd (1-PL), 2-PL and 3-PL (Hambleton,
Swaminahan & Roge's, 199]). Researchers decide which modd is mog appropriate for thar
studies by congdering the sizes of thar samples and evaluaing modd fit. The 1-PL only takes
item difficulty into congderation, the 2-PL takes difficulty and discriminaioninto account, and
the 3-PL modds item difficulty, discriminaion, and guessing. Thefirst paameter isb (item
difficulty), thesecondis a (item discriminaion) and thethird is ¢ (Quessing). Asa geneal rule of
thumb oneshould notapply a1-PL modd unless the sample has at least 200 participants. Four
hunded and 1,000 are the suggested sample size minimums for the 2-PL and 3-PL modds
respectively. The size of our sample (1173)and the naure of our daa (multiple choice items
with avariety of difficulty and discriminaion levels) suggested tha a 3-PL modd would bea
logical starting point, and an anaysis comparing the 1-PL, 2-PL, and 3-PL modds confirmed
tha the 3-PL modd did indeed result in the best fit.
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Figure 1. Exanple of an item showing DIF beween two-year students andfour-year students.
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In IRT, ability (denoted by !') is measured on a scale with O representing average ability
and with each point aboveor bdow representing astandad deviation. For example a score of
OG-10would represent ability at onestandad deviation abovethe average and a score of 32.50
would represent ability at two-and-a-hdf standad deviationsbdow theaverage Theb
parameter reflects at what ability level 50 percent of test takers get theitem correct. When these
values are aggregated ove items and averaged, theresult is thedifficulty valuefor theentire test.

For this study, two methodsof detecting DIF were employed. Thefirst uses IRT to
determinewhether theitem respong characteristics look different across testing groups
(Hambleton, Swaminahan & Roge's, 1991) Essentially, anull hypohesisis bengtested to
determinewhether there are significant differences when groupsare compared.

Using the output generated by BILOG-MG (Zimowski, Muraki, Misevy & Bodk, n.d.),
the appropriate values were inputinto the equaion (b - by)/ " naitr, Where by andb, arethe
difficulty valuesfor groupsl (community college students) and 2 (four-year students),
respectively, and " pgirr 1S the standad error of the difference between thetwo b valuesin the
numerator. The solutionto this equaion is distributed as a z-score (m =0, sd = 1). Based onthe
results of the equéaion abovefor each item, any items with an absolute value z-score greater than
2.58 (corresponding to atwo-tailed p # .01) were pulled outto examinefor DIF, since these z-
scores flagged a significant difference between theb values between groupsfor those item.
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The second methodinvolved the calculation of Mantel-Haenszel (M-H; Hambleton,
Swaminahan & Roges, 199]) statistics for each of theitemsthat exhibited high absolute z-
scores to confirm the presence of DIF. TheM-H valueis acommonoddsratio tha represents a
propottion with Group 1 in the numerator and Group 2 in the denominaor. For this research,
when this value was greater than 1 then theitem favored Group 1, and when the valuewas lower
than 1 it favored Group 2.

To determine effect sizes of the difference between difficulties, ddta ($) values were
evaluaed. Deltavaues are calculated by locating the oddsratio, or % value on the output
resulting from the M-H procedure, and subdgituting tha valueinto theequaion$ =-2.351n (%.

Based onthe Educationd Testing Service scale for effect size, these $ values are
classified into A, B and C categotries (Dorans, 198). If theabsolute valueof $ islessthan 1, the
magnitudeof theeffect is negligible; thisis conddered an Q\Oitem. When the absolute value of
$ isbetween 1 and 1.5, theitem is placed in the BOcategory. Itemsthat show the mos DIF
have an absolute $ value greater than 1.5; these items are placed in the GCOcategory.

Results

Out of the50 SR/QR items, 23 items had high abnlute z-scores. Using M-H dtatistics,
the presence of DIF was confirmed in al of these items, and the grouptheitem favored was
ascertained. Out of the 23 items tha showed DIF, 13 of theitems favored thetwo-year college
while 10 favored thefour-year school. Calculation of effect sizesrevealed tha 22 out of 23 of
theitems were placed in category C connotngthehighest amountof DIF. Table 1 provides a
summary of these results.

A review of theitem content revealed tha theitems biased in favor of the community
college students pertained to highe order reasoning skills such as evaluating aclaim or
ascertaining therelationship between variables by interpreting a graph. In other words,
controlling for ability, community collegestudents did better than expected onthese items. Many
of these postively biased items were also part of testlets. Testlets are two or more items related
to asingle stimulus Conveasdly, theitemstha two-year students missed more than expected
controlling for ability (i.e., biased agang the community colleges) were thos related to
performing routineagorithms.

Discussion

According to Andeson and Sundre (2005) examining DIF beween two-year and four-
year studentsisimportant because many assessments used by two-year inditutionswere
developeal for and nommed on four-year students. When selecting an established ingrument,
colleges will want to review thefit of theitems to theingitution® objectives. However,
exploring DIF after initial use of theingrument will assist with identifying items tha have more
subtle problems assodated with bias. It isworth nating tha jus because an item favors the
community college groupdoes not necessarily mean tha this group scored higha ontha item.
Indeed, for many items thetwo-year students still scored lower, but they did not score aslow as
expected.
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Table1

Results fromboth DIF analyses (IRT andM-H) for items showing DIF

[tem | Group1b Group 2b b z- MH Odds Group Delta | Category
# value value difference | score Ratio favored ")
31 0.524 3.500 -2.976 | -9.537 0.173 1 4.120 C
10 -0.232 2.482 -2.713 | -7.713 0.234 1 3.413 C
37 -0.384 2.248 -2.633 | -6.169 0.264 1 3.130 C
22 0.957 2.669 -1.712 | -5.388 0.390 1 2.212 C
40 0.909 8.882 -7.972 | -4.773 0.120 1 4.981 C
24 -1.414 0.408 -1.822 | -3.861 0.359 1 2.405 C
35 1.964 6.344 -4.380 | -3.417 0.369 1 2.344 C
42 -0.949 0.575 -1.523 | -3.246 0.437 1 1.944 C
26 -1.297 6.269 -7.565 | -3.236 0.526 1 1.509 C
32 -0.018 1.235 -1.253 | -3.156 0.467 1 1.791 C
14 -0.088 2.480 -2.569 | -3.095 0.498 1 1.638 C
36 0.000 2577 -2.577 | -2.773 0.512 1 1571 C
20 0.709 1.941 -1.232 | -2.751 0.554 1 1.386 B
38 -0.781 -2.227 1447 | 2.795 2.490 2 -2.144 C
21 0.585 -1.333 1918 | 3172 2.239 2 -1.895 C
30 0.688 -1.334 2.022 | 3.308 2.021 2 -1.654 C
39 0.763 -2.180 2942 | 4.029 3.565 2 -2.987 C
43 -0.247 -2.005 1.759 | 4.087 3.079 2 -2.642 C
25 -0.589 -2.573 1985 | 4.631 4.478 2 -3.523 C
50 11.551 -1.320 12.871 | 5.161 479.799 2 -14.507 C
7 8.957 -0.477 9434 | 5.541 38.276 2 -8.565 C
47 3.816 -1.728 5544 | 8.024 38.087 2 -8.554 C
45 0.939 -2.032 2971 | 8.261 11.198 2 -5.677 C

Note: Z-scores > |2.58| suggest DIF; ! values greater than 1.5 signify high amount of DIF (category C). Categories
based on Educational Testing Service classification (Zieky, 2004)

As mentionel earlier, when different groupshave unequd probabilities of getting atest
item correct after controlling for ability, DIF is present. Indeed, in this study many items, amos
hdf of thetotal, showed DIF for and agang community colleges students. They paformed
better than expected on 13 items and worse than expected on 10 items.

While reviewing these items, the author speculated aboutwha factors may have

contributed to DIF. Since many of theitems are one part of atestlet, it is conceivable tha
community college students are more persistent and less likely to get bored or fatigued, and
therefore do not skip items or answer carelessy as often. Persistence across groupsmay be
worthy of future investigation.
Anothe factor is tha these two groupsrepresent two very different ingitutions with
varying curriculaand objectives. So in some cases thetwo-year groupmay have actudly
covered certain material to agreater extent than the students at thefour-year school and less of
other curricular components. Relatively speaking, perhgpsthe community colleges spent more

time on thereasoning components of science and less on applying algorithms. A counier

argument is tha reasoning may be acquired outside of traditiond classroomlearning. Given that
these community college students were older and likely have had awider array of experiences,
this scenario cannotberuled out Such asituationwould illugrate Messick@ (1995)concept of
condruct irrelevant varianae: performance ontest itemsis dueto an influence outside of the
learning arenaat which theingrumentis aimed.
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Following the administration of this test, new items were introduced to the SR/QR test
form, while some of the previousitems were removed dueto low scoring or ingopropriateness to
thecurriculum. Items showing DIF tha were notremoved were retained on a provisiond basis,
with the test® advisory team committing to continualy andyze test datato determinethe
appropriateness of induding these items on later versions If these changes in theexam had nat
been madefor the community college group theresults of this DIF study would have presented
great urgency for further test review before uang theexam in its origind state for this
popuktion.

Summary

When peaformance onitems is different than expected for agroup, DIF ispresent. This
article describes how DIF was indentified when comparing results of two and four-year students
onthe same test, and explored reasonsfor its presence.

Astesting for the pumpo<s of gauging student learning becomes more common, many
podseconday schools will find themselvesin need of already developal indruments tha are
appropriate for thar own testing programs. This DIF study serves as an impaortant cautionay
reminde aboutcomparing test results of two different groupsof students. Since students are
exposd to avariety of indructiond styles, classroomsizes, and campuscultures, it isunlikely
tha thaer peformances ontest itemswill besimilar, even after controlling for any differences
between the groupsin overall test score. So by gathering information about differential item
fundioning, more appropriate compaisonscan be made between or amonggroups

A DIF studyisauseful way to determinewhether test items created for onestudent group
yield comparable information when administered to another group. Theandysisisrelatively
quick and only requires a daa set for each diverse group, buttheinformationtha is produced is
essential to thevalidity of the scores generated by the assessment. If the studentsin your school
are not performing as expected as indicated by DIF, then the vaidity of theinferences made by
thetest scores, paticularly comparisonsamonggroupsof students, are likely sugect.

References

American Assodation of Community Colleges. (2005). Fast facts: Community collegefact shest.
Retrieved May 19, 2005 fromthe AACC Web site: hitp://www.aacc.ncheedu.

Andason,R. D., & Sundre, D. L. (2005. Assessment partnership: A modd for collaboration
between two-year and four-year inditutions. Assessment Updat, 17(5), 8, 16.

Hambleton, R.K., Swaminahan, H., & Roge's, H.J. (199]). Fundanentals of item respone
theory. Newbury Park, CA: Sage

Dorans N. J. (1989. Two new approaches to assessing differential item fundioning:
Standadization and the Mantel-Haenszel method. Applied Measurement in Education,
2(3), 216233

Messick, S. (1995) Validity of psychological assessment: Validation of inferences from person)
responses and performances as scientific inquiry into score meaning. American
Psychologist, 50(9), 741-749.

Nationd Center for Education Statistics. (2003. Retrieved May 18, 2005 from
http://nces.ed.gov/programs/coe/2003kection5indicator32.asp.

Zieky, M. (2003. A DIF Primer. Princeton, NJ: Educationd Testing Service.

Zimowski, M., Muraki, E., Midevy, R. J., & Bock, R. D. (n.d.). BILOG-MG [Computer
software]. St. Paul, MN: Assessment Systems Corporation.

Thek - Detecting Items That Fundion DifferentlyE 6



