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The Consistency of DIF/DTF 2

Abstract

This study was patterned after a previous study by Skaggs
and Lissitz (1992) in which inconsistency of differential item
functioning (DIF) was reported across test administrations. They
éuggested multidimensionality of test data as one possible reason
for inconsistency. Therefore, in this study, DIF indices which
were developed recently with a multidimensional perspective were
included. 1In addition, the consistency of differential test
fupctioning (DTF) was evaluated. DIF/DTF analyses were conducted
for both gender and ethnic differences. Ten random samples from
each gender and ethnic category were taken from a math basic
skills test which was administered in a statewide testing program
in two separate years. In general, the results from this study
indicated a more favorable evaluation of the consistency of DIF
indices than the Skaggs and Lissitz study. Possible reasons for

conflicting conclusions are discussed.
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The Consistency of DIF/DTF Across Different Test

Administrations: A Multidimensional Perspective

Researchers interested in investigating differential item or
test functioning (DIF or DTF) continue to look for statistical

techniques that are valid and reliable. Many indices have been

~developed for detecting DIF, but the evaluations of these indices

[

have not always been favorable. Skaggs and Lissitz (1992), for
example, reported that the results of DIF analysis were
inconsistent and uninterpretable across different test
administrations as well as within a test administration. 1In
their study, several DIF methods were applied to a curriculum-
based mathematics test for the analysis of DIF among males and
females. The cousistency of DIF indices across two test
administrations (a field-test sample and an operational test
sample) was examined. Among the DIF indices they examined, IRT-
based sum-of-squares and the Mantel-Haenszel (MH) methods were
the most consistent. However, they reported that reliability or
agreement of fiagged items across different test administrations
was modest at best. They recommended a future study with a
multidimensional perspective suggesting tha; the inconsistency
might be due to the multidimensionality of test data.

Various reasons have been suggested for the occurrence of
false positives (i.e., nonbiased items identified as having DIF)
on a test. One of the reasons is model misfit. Researchers hava

shown that when a test is multidimensional, DIF indices based on
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The Consistency of DIF/DTF 4
unidimensional models may exhibit DIF due to distributional
differences between the two groups of interest (Ackerman, 1992;
Oshima & Miller, 1992). Distributional differences, however, may
or may not be "biased" depending on the trait(s) a test is
intended to measure. Additional traits that the test may measure
besides the intended-to-be-measured trait (say, math ability) can
be subtle, such as test anxiety, test-wiseness, and speededness.

Recently, new DIF techniques have been proposed which
consider the issue of bias in the multidimensional perspective.
For example, Raju, van der Lindeh, and Fleer (1992) proposed an
index with which DIF is examined in test data which are meant to
be multidimensional. Stout and his colleagues {(e.g., Shealy &
Stout, 1992) have developed a technique called SIBTEST in which a
test developer can choose "valid" items which are unidimensional,
then the remaining it s are tested against those valid items.
Additionally, techniques have been developed that examine
differential test functioning (DTF) (Raju, et al., 1992;Shealy &
Stout, 1992). It is natural to consider "bias" at the test level
because bias can be described in the context of
multidimensionality which prevails throughout the entire test.

The purpose of this paper was to examine the consistency of
those newly developed DIF indices. Consistency was examined
across different test administrations (i.e., different random
samples from different testing occasions) as well as ccnsistency
within the same year administration (i.e., different random

samples from the same year). Because DIF analyses from one year
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The Consistency of DIF/DTF 5
are often used to make decisions about items to include in future
tests, it is important to examine the consistency of DIF indices
across years. It is also important to examine the consistency
within a test administration, because in practice only one sample
is taken from each population for a DIF analysis. Additionally,
the consistency of DTF was investigated. It is important to note
that this study examined only reliability of the indices (i.e.,
whether or not an item is identified as having DIF consistency
across samples) and not validity (i.e., whether or not a truly
biased item is identified as having DIF).

Method

The data for this study came from a basic skills mathematics
test administered to 10th graders in a state public schqol system
during 1984 and 1987. After excluding examinees who had
previously taken the test and those enrolled in special
education, 63,406 and 54,605 examinees were in the 1984 and 1987
popuiation data, respectively. Only 2 of the 3 subscales of the
test, consisting of 75 items, were used in this study: component
operations and problem solving. All 75 items in both the 1984
and 1987 test administrations were identical in content and order
of item presentation. All items were multiple choice with 4
options.

DIF analyses focused on differences between gender groups
and differences between two ethnic groups. Ten random samples of

1000 examinees were chosen from gender groups (referred to as

6




The Consistency of DIF/DTF 6

Gender 1 and Gender 2) and two ethnic groups (referred to as
Ethnic 1 and Ethnic 2) from 1984 and 1987 population data which
resulted in a total of 80 samples.

Parameter Estimations and Linking

For the unidimensional solutions, item parameters were
estimated using PC-BILOG3 (Mislevy & Bock, 1990). One-parameter
(1p), two-parameter (2p), three-parameter (3p), and three-
parameter fixed-c (3f) model estimations were performed. No
formal goodness of fit analyses of the modeis were performed and
all items were included in this studv. Parameter estimates were
placed on a common scale using the test characteristic curve
methodl(Stocking & Lord, 1983) utilizing the computer program
EQUATE (Baker, 1990).

For the multidimensional solutions, item parameters were
estimated using NOHARM (Fraser, 1988). Since the test consisted
of two subscales, a two dimensional solution was calculated.
Estimated parameters were placed on a common metric using a
multidimensional linkage program written in SAS (see Oshima &
Davey, 1994 for details).

DIF Indices

For IRT DIF indices, a test item is potentially biased if
examinees from one group have a different probabiliﬁy of
answering an item correctly than examinees in another group given
that the examinees have the same ability level (Hambletcn, et
al., 1991). The IRT DIF indices examined in this study are

listed below:
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(a) Signed (SS0S) and Unsigned (US0S) Sums of Squares

(Shepard et al., 1984) were included in this study in order to
compare the results with Skaggs and Lissitz’ (1992) results.
USOS is the squared differences of probabilities of a correct
response between the two groups given that examinees have the
same ability level. The squared differences are summed across
all examinees-from both groups under study. Because the squared
differences will always result in a positi?e value, USOS will
always be positive. The calculation of SSOS is similar to USOS
except instead of squaring the differences the absolute wvalue of
the difference is multiplied by the original value which results
in both positive and negative values. Positive values indicate
bias against one group while negative values indicate bias
against the other group. Since no distribution was available for
SS0S/US0S, criteria for significance were established using the
same group baseline comparisons as described in Kim and Cohen
(1991). 1In this method, it was assumed that the areas measured
between the two ICCs were normally distributed. ©One critical
value was calculated using a one-tailed .05 level of
significance. Areas greater than this critical value were
identified as having DIF.

(b) Closed-Interval Signed (CSA) and Unsigned (CUA) (Kim &

Cohen, 1991) are calculated by measuring the area between two
item characteristic curves (ICC) over the ability range of -4 to
4. CSA and CUA were calculated using a program called IRTDIF

(Kim & Cohen, 1991). Because no distribution was available for

3




The Consistency of DIF/DTF 8
closed-interval area measures, the same method used for SSOS/USOS
was used to establish cut-off values. CSA and CUA are included
in this study because they were not included in Skaggs and
Lissitz’ study and also considered o provide a contrast with
Raju et al.’s index which will be described next.

(c) Raju et al. (1992) proposed a general procedure for

assessing DTF and DIF in tests with unidimensional,
multidimensional, and polychotomous IRT models. Réju et al.
(1992) offered an empirical demonstration of their technique for
the unidimensional solution; the multidimensional solution was
demonstrated in Oshima, Raju, and Flowers (1993). The program,
TBIAS (Raju, et al., 1992), was used to calculate the
unidimensional solution (TBU) and the multidimensional solution
(TBM) . In both solutions, only non-compensatory DIF (NC-DIF) was
investigated. All items that exceeded NC-DIF of .006 were
identified as displaying DIF.

In addition, the following DIF indices which did not involve
IRT item calibrations were examined.

(a) Mantel-Haenszel (MH) Chi-Square (Holland & Thayer, 1986)

was calculated in order to compare results of this study against
Skaggs and Lissitz’ results. MH is the test statistic for the
Mantel-Haenszel odds ratio. Items were tested at the .05 level

of significance.

'(b) Simultaneous Item Bias Test or SIBTEST (Shealy & Stout,

1993) is a procedure that assesses an item or a testlet of items

for collective DIF based upon the matching of examinees on the
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basis of their score on a specified subtest, called valid
subtest. When the matching subtest is asserted to be construct
valid, then SIBTEST assesses item and/or test bias. Any value
that exceeded the .05 level of significance was identified as
displaying DIF.

Results

Table 1 reports the mean, standard deviation, skewness, and
kurtosis for the total population, Gender 1, Gender 2, Ethnic 1
and Ethnic 2 for 1984 and 1987 test administrations. Table 2
reports the average mean, standard deviation, skewness, and
kurtosis for the 10 random samples drawn from each gender/ethnic
group and year (1984 & 1987). There is approximately a .2
standard deviation difference between Gender 1 and Gender 2 and a
much larger difference of approximately 1 standard deviation
between Ethnic 1 and Ethnic 2. Comparing the samples between
years, all groups’ scores increased by approximately 2 points,

but the differences between the groups remained similar across

years.

Insert Tables 1 & 2 about here

The dimensionality of the 80 randem samples was examined
using DIMTEST (Stout et al., 1992). DIMTEST tests the hypothesis
that a set of dichotomously scored items is essentially
unidimensional. Of the 20 Gender 1 and 20 Gender 2 samples, 5

out of 20 tests in each gender category rejected the hypotheses
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that the tests were unidimensional (.05 level of significance).
For Ethnic 1, 17 out of 20 tests violated unidimensionality and
Ethnic 2 had only 3 out of 20 samples judged to be
multidimensional. Because ethnic comparisons involved more
multidimensional data sets, at least for the Ethnic 1 group,

multidimensional solutions were performed only between ethnic
groups and not gender groups.

Different Test Administrations

Correlation coefficients were calculated as indices of
reliability across two test administrations. Each test
administration had 10 samples. The average correlation
coefficient was obtained for each index by pairing .all possible
samples from the two test administrations, calculating a
correlation coefficient for each pair, and finally calculating
the mean of the coefficients over the 100 pairs. The average

correlations for all indices are reported in Table 3.

Insert Table 3 about here

The correlation coefficients using SSOS and USOS (the 3p
model) were .761 and .655, respectively, for the gender
comparisons, and .759 to .613, respectively, for the ethnic
comparisons. These values are much higher than those reported in
Skaggs and Lissitz (1992). Their coefficients for SSOS and USOS
for the 3p model ranged from .36 to .56 with a sample size of 600

or 2000. This suggests that our data exhibited more consistency

} b
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The Consistency of DIF/DTF 11

than theirs. The CSA/CUA indices showed relatively high
consistency. The correlation coefficients ranged from .554 to
.876 for the gender comparisons, and .455 to .877 for the ethnic
comparisons.

TBU had the highest consistency among the IRT-based indexes
examined in this study. The correlation coefficients ranged from
.853 to .879 for the gender comparisons, and .637 to .877 for the
ethnic comparisons. Interestingly, the correlation coefficients
for TBU were fairly constant across different medels (i.e., 1p,
2p, 3f, and 3p). Among different models for unidimensional IRT-
based indices, the 1lp model showed the best consistency. This
consistency is possibly due to more stable estimation of item
parameters using a lower parameter model. The only index based
on multidimensional IRT (TBM) showed the lcwest correlation
(.498). There appears to be several comparisons that had
extremely low correlation coefficients (i.e., less than .16).

The outliers are suspected to have occurred due to poor
estimation of item parameters by NOHARM.

For indices that did not involve IRT item calibrations,
SIBTEST was more consistent than the MH test. For the gender
comparisons using SIBTEST, the mean correlation was .863. For
the ethnic comparison, it was .809. Even for MH, the correlation
coefficients was .833 for the gender comparisons, and .729 for
the ethnic comparisons. These values are, again, much higher
than those reported in Skaggs and Lissitz (1992) which was

reported to range from .30 to .53. In all the indices examined

1"
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The Consistency of DIF/DTF 12
in the study, the consistency was lower for the ethnic
comparisons than for the gender comparisons, suggesting that
lower consistency is expected when there is a larger group mean
difference.

A more important question concerning the consistency of DIF
indices is the agreement of the DIF/NonDIF items (i.e., does the
index identify the same items). This was investigated using a
two-rater index of agreement, kappa. According to Fleiss, kappas
greater than .75 have excellent agreement and kappas lower than
.4 have poor agreement (Conger, 1980). All pairwise kappas were
calculated between the 1984 and 1987 samples which resulted in
100 kappas per index. The average kappa, standard deviation,

minimum and maximum values are reported in Table 4.

Insert Table 4 about here

The trends shown in Table 4 are similar to those shown in
Table 3. The average kappa for CSA/CUA ranged from .564 to .222
for gender comparisons and .445 to .291 for ethnic comparisons.
TBU performed consistently over all models for the gender
comparisons, ranging from .551 to .570. In the ethnic
comparisons, the values were slightly lower, ranging from .392 to
.502. SIBTEST had agreement values .513 and .499 for gender and
ethnic comparisons respectively. Interestingly, MH was the only
index that had higher agreement for the ethnic comparisons than

the gender comparisons. MH agreement for gender was .484 and

-
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The Consistency of DIF/DTF 13
that for ethnic comparisons was .578. All indices had low to

moderate agreement across years.

Consistency Within a Single Test Administraticn

To examine the consistency of each DIF index within a. single
year test administration, the DIF index was correlated with all
other values of that same index within the same year test
administration resulting in 45 all possible pairwise correlations
for 10 random samples ((10 X 9)/2 = 45). Then the average of
these correlations was calculated. Tables 5 and 6 report the
average mean, standard deviation, minimum and maximum values of

the correlations for gender and ethnic DI¥ indices.

Insert Tables 5 and 6 about here

The trends in Tables 5 and 6 are similar to those in Table 3
with a very slight increase in correlation in most of the
coefficients. These results suggest that the indices are fairly
consistent both within a test administration and between two test
administrations. Especially, high .80s in correlation
coefficients exhibited by TBU and SIBTEST are encouraging.

Agreement of DIF/NonDIF within a single year test
administration was investigated using multi-rater kappa suggested
by Fleiss (Conger, 1980). Each gender and ethnic index’s kappa

and average number of items are reported in Tables 7 and 8.

Insert Tables 7 and 8 about here

p -k
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The Consistency of DIF/DTF 14

More items displayed DIF in the ethnic tests verses the
gender tests. For ethnic tests the average number of flagged
items ranged from 20.0 to 40.9 while gender tests ranged from
10.9 to 36.5. CUA and CSA indices, the methods that required a
baseline for establishing cutoff values, tended to identify more
items as DIF compared to the other indices except ir the 2p
models. This is particularly true for the 1p models where the
least number of items identified as DIF was 34.5. SIBTEST also
identified a large percentage of items as DIF ranging from 28.7
to 35.6. TBU flagged the least items, ranging from 13.6 to 26.0.

No indices’ kappas were above .7 which woula have shown |
excellent agreement and several indices exhibited poor agreement.
The CUA usually had the poorest agreement (less than .4) except
in the 1p model where the kappas are similar to other 1p model
indices. All other indices had kappas that ranged from .418 to
.681. Among the highest are TBU in all models, SIBTEST, and
CSA/CUA in the 1p model. The indices tended to have slightly
higher kappa values for gender group tests. This was the same
pattern noted in the averagé correlation results.

Consisgstency of DTF

Raju et al. (1992) was the only DTF index calculated in this
study. 1p, 2p, 3p, and 3f for 1984 and 1987 tests were
calculated. For each DTF analysis, a chi-square statistic was
calculated to test whether or not an observed DTF is

significantly different form zero. Raju et al. recommended that

Ry
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The Consistency of DIF/DTF 15
a single item be identified for removal at a time and the process
be continued until the chi-square associated with the revised DTF
index becomes nonsignificant. The average chi-square (1000 df),

standard deviation, minimum and maximum values are reported in

Table 9.

Insert Table 9 about here

The average chi-square value was fairly consistent for each
model across years. For example, the 3p model for gender
comparisons hﬁd a chi-square value of 1060 in 1984 and 1097 in
1987. In both years, only one item at most had to be eliminated
to achieve a nonsignificant chi-square value. The item suggested
for elimination was not always the same but there were some
overlapping items. For example, Items 19 and 63 were flagged at
least once for each year.

The consistency within years was examined using the standard
deviation and minimum and maximum values. Although several of
the models had outliers, for example, in the 1984 2p model for
ethniq comparisons there was a standard deviation of 1269.63,
which was much higher than other models, the chi-square values
were fairly similar from sample to sample. In general, the
ethnic DTF showed less consistency than gender DTF.

Conclusions
This study gave a more favorable evaluation of the

consiétency of DIF indices than Skaggs and Lissitz’ (1992) study
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did. For the common indices between the two studies (i.e., IRT-
based sum of squares methods and the Mantel-Haenszel test),
correlation (i.e., reliability) coefficients were much higher in
this study than those in Skaggs and Lissitz. Furthermore, other
newly developed methods (SIBTEST and TBU) showed even higher
consistency than these indices (SS0S/USOS and MH) with
correlation coefficients as high as .88. In terms of agreement
for flagged items across samples between test administrations and
also within a test administration, the Kappa index showed poor to
good agreement.

There are several possible reasons for the conflicting
conclusions between Skaggs and Lissitz’ study and this study.

First is related to the equivélence of test forms. 1In the Skaggs

‘and Lissitz study, two different test forms were used (field-test

and operational forms) introducing differences in the order of
items. As they pointed out, the positicn of items within a test
can make a difference in estimation of item parameters. 1In
contrast, in this study, both test forms were operaticnal and all
the examinees had the exact same tests with items in the same
order of presentation. Second is related to the equivalence of
samples. As they described, the samples in the two testing
occasions might not have been quite equivalent because the field-
test sample volunteered to participate in the pilot and were not
selected randomly. In our study, 1984 and 1987 samples came from
the entire populations of 1984 and 1987, respectively. Thus, the

equivalence of samples in terms of their characteristics can be

Pas
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The Consistency of DIF/DTF 17
assumed to be quite similar except a possible year effect.

The two reasons described above indicate important
implications in DIF analysis in practice. If in fact the
differences in results between the Skaggs and Lissitz study and
our study are attributed to the differences in the degree of
equivalence in test forms and samples, the importance of
construcﬁing and administering a field-test form as similar as
possible to an operational form is evident. The difference in
test forms (e.g., the order of item presentation) or in samples
can certainly introduce additional dimensions which were not
present in our study.

Another possible reason for the conflicting conclusions can
be simply due to differences in tests and examinees between
theirs and ours. For examnple, more items displayed DIF in this
study. Skaggs.and Lissitz reported a range of 1 to 14 out of 24
DIF items while DIF items in this study ranged from 14 to 41 out
of 75 items. The methodology was another contributor for the
difference. 1In theirlstudy, one sample of 1986 was compared
against two samples of 1987. In this study, 10 samples of 1984
were compared against 10 samples of 1987, thus allowing less
chance of outliers affecting the results. Also note that there
was a difference in the sample size. Their sample size ranged
from about 600 to 2000 whereas the sample size for this study was
always 1000.

The results in this study showed that as the distributional

differences between groups being compared increased, the

16




The Consistency of DIF/DTF 18
reliability of the DIF indices tended to decrease. It was
particularly interesting that a multidimensional solution (TBM)
showed a poor performance in this study. Several reasons are
possible. For example, the test was fairly unidimensional
contrary to our initial expectation. Therefore, a
multidimensional solution was not particularly necessary. When
the multidimensional solution was applied regardless, the
drawbaék overweighed the benefit. TBM required multidimensional
parameter estimates and a multidimensional linkage method which
are both still in the development stage. Recovgry of
multidimensional item parameters was sometimes problematic with a
sample size of 1000. Another interesting observation was that
when multidimensionality was.present, it often occurred c¢nly in
one of the two groups of interest. It is not clear which DIF
method, if any, can detect dimensionality differences between two
groups. Further studies are needed in the area of
multidimensionality and DIF.

SIBTEST appeared to be one of the most consistent DIF method
and uniformly superior to the Mantel-Haenszel test. Unlike MH,
in SIBTEST a suspect item is tested against a valid subtest which
is fairly unidimensional. This control of dimensionality may
have been the cause of superior performance of SIBTEST over MH.
Raju et al.’s TBU was another consistent DIF method. Contrary to
CUA/CSA, TBU considers frequency of examinees at a given point of
the ability continuum, which may have contributed the enhanced

consistency over CUA/CSA.

19
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Finally, results from the consistency of DTF was

encouraging. Although not included in this study, DTF using
SIBTEST is another index to be studied in the future. Results
from this study showed that DIF/DTF indices are not necessarily
inconsistent as previous research studies have claimed. As in
reliability of the whole test, reliability of DIF indices appear
to depend on how these indices are used and should be interpreted

accordingly in each context.

20
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The Consistency of DIF/DTF
Table 1

Population Raw Score Means, Stanuard Deviation, Skewness, and

Kurtosis for 1984 and 1987

1984 Population

Group N Means SD Skewness Kurtosis
Total 63,406 52.208 13.420 -.374 -.656
Gender 1 33,017 51.048 13.194 -.282 -.707
Gender 2 30,300 53.475 13.54¢6 -.490 -.546
Ethnic 1 19,665 43.231 12.473 .16l -.575
Ethnic 2 42,488 56.379 11.658 -.599 -.186

1987 Population

Total 54,605 53.271 12.881 -.408 -.575

Gender 1 27,786 52.159 12.713 -.310 -.638

Gender 2 26,792 54.426 12.954 -.525 -.450

Ethnic 1 17,059 45.444 12.194 .058 .019

Ethnic 2 36,409 56.903 11.470 -.633 -.122
o8




The Consistency of DIF/DTF < 24
Table 2

Average Means, Standard Deviation, Skewness, and Kurtosis for the
10 Random Samples Drawn From the Populations

1984 Samples

Group Means - SD Skewness Kurtosis
Gender 1 51.066 13.138 -.293 -.662
Gender 2 53.228 13.620 -.474 -.551
Etunic 1 43.065 12.504 .153 -.525
Ethnic 2 56.483 11.508 -.608 -.119

1987 Samples

Gender 1 52.067 12.632 -.287 -.664
Gender 2 54.537 12.852 -.531 -.410
Ethnic 1 45.578 12.137 .064 -.559
Ethnic 2 56.964 11.444 -.636 -.124

Note. All figures are based on sample size of 1000 for each of
the 10 replications.
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