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results of the study were interpreted according to the criteria of the power rate and
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fu'nctlomr.lg, the type I error. When the results were reviewed, the analysis of the bundle revealed
Differential bundle that the more the correlation between the two dimensions increased, relatively the
functioning, less the power rates became. It was observed that the power rates, which were
Multidimensionality, obtained according to two different sample sizes in the study, increased as the
SIBTEST, sample size increased. Another result as to the SIBTEST's power for detecting DIF
Type 1 error, was th§ highest when the ratio of reference to focal group size was equal.
According to the results of the type I error rate, the error rate was observed to be
Power rate. . . . . . . .
relatively decreasing as the correlation between the dimensions increased and it
was observed to be increasing as the sample size increased. Also, the highest error
rate was obtained when the ratio of the samples was equal.
1. INTRODUCTION

In Classical Test Theory (CTT) and Item Response Theory (IRT), which are used to construct
educational and psychological tests and to interpret scores, the assumption is that the individual
has a characteristic or ability below the test performance. Uni-dimensional models included in
IRT out of these theories comprise a single ability parameter that expresses the location of an
individual on the tested characteristic. However, interactions between individuals and items are
not generally easy enough to be expressed with these models. Answering a test item or solving
a problem generally requires the use of multiple skills and abilities. For this reason, although
one-dimensional IRT models are useful under certain conditions, IRT models which reflect the
interaction between individuals and test items more accurately are needed. Such IRT models
describe the interaction between individuals and characteristics of test items with multiple abil-
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ities. These models are defined as multidimensional IRT models for having more than one abil-
ity parameter for an individual (Reckase, 2009). The fact that only one ability is required for a
test item to be answered is not well suited to actual test situations. For example, it is probable
to encounter a two-dimensional structure in which a dimension in a mathematical problem re-
flects mathematical competency whereas the other reflects reading competency. In the related
studies conducted it is stated that, besides the primary factors under the test performance of the
individual, there is at least one secondary factor and that the tests generally show a multidimen-
sional structure (Camilli, 1992).

Dimension can be defined as a characteristic that affects the probability of answering an item
correctly. The main structure the test aims to measure is called as the primary dimension of the
test. Since the cause of DIF is defined as the presence of multidimensionality in items showing
DIF, such items measure at least one more dimension in addition to the primary dimension the
items aim to measure (Cronbach, 1990; Wiley, 1990). In other words, when an item measures
more than one dimension and the groups differentiate on the structure or structures that are not
primarily measured by the item, the item shows DIF. If the groups do not differentiate on the
dimension or dimensions that are not primarily measured, no DIF is detected even if the data
are multidimensional (Ackerman, 1992a).

Other dimensions considered as the cause of DIF are called as secondary dimension. The sec-
ondary dimensions are the factors that may or may not be related to the dominant dimension.
Each secondary dimension intended to be measured is called as the auxiliary; whereas each
secondary dimension that is not intended to be measured is called as the nuisance. DIF caused
by the auxiliary dimension is called as benign DIF (which refers to benign effect) because the
test also aims to measure the auxiliary dimension. On the other hand, DIF caused by nuisance
dimension is called as adverse DIF (which refers to bias) because the item is less valid for one
group of individuals than the other for evaluating individual differences on the dimensions
measured (Roussos & Stout, 1996).

Shealy and Stout (1993) suggested that DIF occurs due to the presence of two factors; namely,

(1) The item is sensitive not only to the structure 6, which the item aims to measure, but also to
a secondary n structure;

(2) At a constant value of 0, there is a difference between the conditional distributions of groups
of interest on the 1 structure.

In general, studies on the detection of DIF are carried out in two stages:

(1) The statistical determination of whether an item provides an advantage for a particular
group;

(2) Evaluation of potentially biased items by substantive analysis methods to identify the source
of DIF.

Since statistical methods provide limited information in detecting the sources of DIF, new meth-
ods have been developed. Roussos and Stout (1996) pointed to the failure of interpretation of
substantive DIF analyses followed by statistical methods and Engelhard, Hansche and Rutledge
(1990) pointed out in many cases the incompatibility of expert decisions in substantive analyses
carried out after statistical methods. Roussos and Stout (1996) proposed a two-step approach
by correlating the multidimensional model developed by Shelay and Stout (1993) for DIF to
eliminate the inconsistency between statistical and substantive analyses. The first stage of this
approach which is called as the multidimensionality-based DIF analysis paradigm is the sub-
stantive analysis in which DIF hypotheses are formed and the second stage is the statistical
testing of DIF hypotheses. In other words, Shelay and Stout (1993) suggested reversing the
process for DIF analyses; they thus stated that reliable and supportive explanations can be ob-
tained about why DIF occurs. Some researchers argue that this problem between statistical and
substantive analyses arises from the nature of analyzing individual items in DIF analyses and
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that more information can be obtained by analyzing the items in groups rather than analyzing a
single item at a time (Boughton et al., 2000; Douglas et al., 1996). Taking this into considera-
tion, Douglas et al. (1996) introduced the DIF in the bundle concept and the applications of
Differential Bundle Functioning (DBF) in order to identify the details of DIF.

DBF means that different groups of equal ability levels differ in their probability of correctly
answering a bundle. A bundle is a dimensionally homogeneous item set that is not necessarily
adjacent or related to a common text (Douglas et al., 1996). Many tests may appear to consist
of independent items. However, when carefully analyzed, it might be observed that these items
have common topics or similar content. Such items may be found scattered in the test, but they
cause the DIF to increase at bundle or test level.

Gierl et al (2001) found that DIF-related properties may be more obvious in a multi-item pattern
than a single item. Douglas et al. (1996) stated that the amount of DIF in small amounts at item
level (at A-level) could not be statistically detected but that this amount can be detected by the
DIF procedure in a bundle. Similarly, Nandakumar (1993) stated that the analysis of a bundle
or a group of items would yield stronger results than a single item analysis at a time. Conse-
quently, detecting the potential sources of DIF by identifying groups of biased items by Differ-
ential Bundle Functioning (DBF) procedure can provide significant contributions to assessment
and test development processes in education (Ross, 2008).

A bundle is formed from items intended to measure a primary dimension (e.g. vocabulary) and
a secondary dimension to be measured by the test (e.g. mathematical ability). A premise, which
explains why one of the two groups of equal ability levels is more advantageous in the bundle,
is developed. The hypothesis developed suggests that one of the groups in a bundle is more
advantageous on the secondary dimension than the other group compared (Douglas et al., 1996).
Since the bundles are formed based on a hypothesis, DBF analysis can be considered as con-
firmatory analysis. On the basis of DBF analysis, there is the assumption that a test that
measures a particular trait, skill or ability consists of small bundles (Ross, 2008).

Multidimensionality is a concept related to the interaction between an item and its ability.
When a test includes items consisting of more than one ability or combination of abilities, sev-
eral problems might occur if it is not aimed to measure all abilities comprising the test. Ordering
individuals accurately according to their abilities primarily requires a valid and reliable meas-
uring. Considering that the items with DIF might weaken validity and that DIF in multidimen-
sional tests is based on the ability differences of individuals on secondary dimension, DIF stud-
ies and addressing DIF and multidimensionality together become more important. No study has
been found in our country on the concept of DBF and there are few studies outside of our
country. The different condition analyzed in this study, different from the literature, is how the
location of the items showing DIF in the test affects DBF. In this study, DBF and multidimen-
sionality were analyzed together and tested under various conditions. It is believed that the
results obtained would contribute to other studies aiming at detecting the source of DIF.

The purpose of this study is to analyze the DBF concept in multidimensional tests under various
conditions. Variables included in the study were the correlations between the dimensions (0.10,
0.45, 0.80), the sample size (2000, 5000), and the ratio of reference to focal group size (1/3,
1/1, 3/1). All these variables were analyzed under the following conditions according to whether
the items in the bundle and outside of the bundle were items with DIF.

1) When all items in the bundle show DIF,
SIBTEST power rates according to the conditions are as follows:

a) There are items showing DIF outside of the bundle and
b) There is no item showing DIF outside of the bundle.

2) When the items which show and do not show DIF are present together in the bundle,
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SIBTEST power rates according to the conditions are as follows:

a) There are items showing DIF outside of the bundle and

b) There is no item showing DIF outside of the bundle.

3) When there are no items showing DIF in the bundle

a) For the condition in which there are items showing DIF outside of the bundle, SIBTEST
Type I error is analyzed.

b) For the condition in which there is no item showing DIF outside of the bundle, SIBTEST
Type I error is analyzed.

2. METHOD
2.1. Research Type

In this study, type I error and power rate changes in the bundle were analyzed by differentiating
the variables; namely, the location of the item showing DIF in multidimensional tests, the
correlations between the dimensions, the sample size, and the ratio of reference to focal group
size. Therefore, this study was considered as a simulation study. In this study, the DIF was
analyzed with a different approach which is believed to contribute to the theory. In this sense,
it can be suggested that this study is a basic research (Karasar, 2020).

2.2. Data of the Study

Within this study, the DBF concept in multidimensional tests was analyzed by considering
various conditions in which individuals who apply the tests might encounter in actual test
situations. Since it was difficult to realize these conditions in an actual data set at the same time,
simulation data were used.

A 30-item test was formed in the study and the first 10 items of this test were considered as the
bundle. Type I error and power rates in the bundle were analyzed within the context of the
location of the item showing DIF in multidimensional tests, the correlations between the two
dimensions, the sample size, and the ratio of reference to focal group size. Item parameters
used for generating the research data were generated in ITEMGEN (Ackerman, 1994) program.
The item parameters which had equal scattering in this program were formed between the range
of the angle values determined by the researcher. The angle values (a) are about the item dis-
criminations. The value of a can vary from 0° to 90° based on the degree to which an item
measures each trait. For the case of two dimensions, if an item measures only the first ability,
01, then the item direction (a) is 0°. If an item measures only the second ability, 6>, then the
item direction (a) is 90°. When a = 45°, an item measures two abilities (0; and 6>) equally.
Therefore, calculating an item’s angular direction (a) provides information about what items
are really measuring (Ross, 2007).

When generating item parameters in this study, suitable angle values were determined for items
that show and do not show DIF in accordance with the research conditions. It is generally con-
sidered in the conditions when the angle value for the items exceeds 20°. If the secondary di-
mension is an unintended dimension, a threat to validity will arise (Ackerman, Gierl & Walker,
2003).

The dimension measuring the 01 ability in the study was determined as the dimension intended
to be measured by the test, whereas the dimension measuring the 0, ability was determined as
the dimension which is not intended to be measured by the test. The angle values for the items
which primarily measure the 0; ability and do not show DIF were adjusted to alternate between
the range of 5°-20°, whereas the angle values for items which primarily measure the 0 ability
and show DIF were adjusted to alternate between the range of 70°-85°. The discrimination
parameter of the model is a measure of the differential capability of an item. An item is
considered valuable if it well discriminates subjects with ability levels in a range of interest for
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the exam (UI Hassan & Miller, 2020). Multidimensional discrimination (MDISC) parameter
was generated to alternate between the range of 0.8 and 1.8, whereas item difficulty parameter
(d), which is a measure of the ease of the item, was generated to alternate between the range of
-2 and 2. The same item parameters were used for reference and focus groups.

Item discrimination power is related to a certain angle value which the item has in latent ability
space (Reckase & McKinley, 1991). Calculating this angle provides information about what
the item measures. For multidimensional items, this angle can be calculated in terms of the
latent axes. Accordingly, o angle alternates between 0°-90°. The angle between the discriminant
vector and x axis (which refers to the primary dimension which the item aims to measure) can
be calculated by Equation 1, which is a simplified version of the formula proposed by Reckase
and McKinley (1991) (Ross, 2008).

a= tan‘l% (1)
1

a1: The item discrimination power for the primary dimension;
a2: The item discrimination power for the secondary dimension.

In this study, confirmatory factor analysis was performed in analyzing the accuracy of the struc-
ture formed. Also, a angles were checked by using the formula in Equation 1 and parameters
were generated in accordance with the location of the item with DIF in the test.

2.3. Simulation Conditions

In accordance with the purpose of the study, simulation conditions determined in the DBF
analysis in multidimensional tests are given below. In all conditions, test length, number of
items in the bundle, and ability distributions of focus and reference groups were kept constant.

2.3.1. Test length
In this study, the length of the test was set at 30 items to represent a mid-length test.

2.3.2. Number of items in the bundle
There is one bundle in the test and the first 10 items of the test form the bundle.

2.3.3. Ability distributions of the groups

In the study, a test with the items with DIF was formed as 6; and 6> to measure two dimensions.
The characteristic that was intended to be measured by the test was called 01, whereas the char-
acteristic that causes the item to show DIF was called 0,. Accordingly, the data were generated
in a way that the items showing DIF would primarily measure the 0, dimension, whereas the
items which do not show DIF would primarily measure the 6; dimension.

The ability distributions of the reference and focal groups for the first dimension were equal
and the standard normal distribution was 6~(Ng(0,1)) and 6~(Nr(0,1)); for the second dimen-
sion, a difference of 0.50 was created between the ratio of reference to focal group size, con-
sidering the studies in the literature (Ross, 2008; Oshima & Miller, 1992; Russell, 2005, Walker
& Sahin, 2016). In the second dimension, the distribution of focus and reference groups was
determined as the non-standard normal distribution 0(~(Nr(-0.25,1)) and 6~(Nr(0.25,1)).

2.3.4. Test location of item with DIF

Six conditions were identified for this situation. In all conditions, the items which do not show
DIF primarily measure the 0; dimension, whereas the items showing DIF primarily measure the
02 dimension.



Ozdogan & Kelecioglu

1) All the items in the bundle are items with DIF and there are items showing DIF outside of
the bundle: 10 items of the bundle have DIF and 5 test items outside of the bundle have DIF,
whereas 15 items do not have DIF.

2) All items in the bundle are items with DIF and there are no items with DIF outside of the
bundle: In this condition, 10 items forming the bundle show DIF, whereas 20 items outside
of the bundle do not show DIF.

3) In the bundle, there are items with and without DIF, and outside of the bundle, there are
items with DIF: 5 items in the bundle have DIF, while 5 items do not have DIF; 5 test items
outside of the bundle have DIF, whereas 15 items do not.

4) In the bundle, there are items with and without DIF, and outside of the bundle, there are no
items with DIF: 5 items in the bundle have DIF, while 5 items do not have DIF and 20 items
outside of the bundle do not show DIF.

5) In the bundle, there are no items with DIF, and outside of the bundle there are items with
DIF: 10 items of the bundle do not have DIF and 5 test items outside of the bundle have DIF,
whereas 15 items do not.

6) There are no items with DIF in the bundle and outside of the bundle: 10 items forming the
bundle do not have DIF; 20 items outside of the bundle do not have DIF.

2.3.5. The correlation between the primary and secondary dimensions (g1¢92)

One of the variables analyzed in this study is the effect of the correlations between the primary
and secondary dimensions. For this purpose, the correlations between the dimensions were de-
tected as 0.10, 0.45 and 0.80, to represent low, medium, and high correlation values, respec-
tively.

2.3.6. The sample size

It is suggested in the literature to work with at least 1000-people samples in multi-dimensional
structures (Bolt & Lall, 2003; Yao & Boughton, 2007). Ackerman (1994) stated that multidi-
mensional calibrations require at least 2000 samples. When studies on the subject were re-
viewed, it was observed that the sample size generally varied between 500 and 5000. Two dif-
ferent sample sizes, 2000 and 5000, were determined for this study.

2.3.7. The ratio of reference to focal group size (R/F)

In DIF detection studies conducted, the ratio of reference to focal group size is generally pre-
ferred to be equal or close to each other. However, it can also be observed that the ratio of
reference to focal group size differs from each other in actual test situations.

Shealy and Stout (1993) stated that at least 250 individuals in each group are required for the
SIBTEST procedure. In this study, the reference and focus group sizes were analyzed by dif-
ferentiating R/F rates, determined as 1/3 (500/1500; 1250/3750), 1/1 (1000/1000; 2500/2500),
and 3/1 (1500/500; 3750/1250).

The variables and simulation conditions analyzed in the study are given in Table 1. As seen in
Table 1, 108 conditions in total were analyzed: six for the location of the items with DIF, three
for the correlation between the dimensions, two for the sample size, and three for the ratio of
reference to focal group size (6x3x2x3). Each condition in the study was repeated 100 times.
In the literature, it was stated that at least 25 replications are required for simulation studies
(Harwell et al.,1996). In this study, a total of 10800 data sets were obtained with 100 replica-
tions done for each condition.
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Table 1. The variables and simulation conditions analyzed in the study.

Variables Simulation Conditions

1) All of the items in the bundle are items with DIF and
there are items with DIF outside of the bundle

2) All of the items in the bundle are items with DIF and
there are no items with DIF outside of the bundle

3) There are items with and without DIF in the bundle and
there are items with DIF outside of the bundle.

4) There are items with and without DIF in the bundle and
there are no items with DIF outside of the bundle.

Location of the DIF Item

5) There are no items with DIF in the bundle and there are
items with DIF outside of the bundle
6) There are no items with DIF in the bundle and outside of

the bundle

Correlation between dimensions 1) 0.10
(re102) 2) 045
. 3) 0.80
i 1) 2000
Sample size 2 5000

1) 1/3

The ratio of the samples (R/F) 2) 11

3) 3/1

2.4. Analysis and Evaluation Criteria of the Data

In line with the aims of the study, the item parameters were obtained in the ITEMGEN program
regarding the location of the items with DIF in the test. According to these parameters, the data
were generated in SAS program in accordance with the extended two-parameter logistic model
for multidimensionality and two categories (1-0).

Differential Bundle Functioning was identified using the SIBTEST procedure. SIBTEST was
developed as an extension of the multidimensional DIF model developed by Shealy and Stout
(1993) and is a non-parametric procedure that models the relationship between the latency and
item performance measured by the test. After completing the DBF analyses for 108 conditions
addressed in the study by using SIBTEST program, SAS program was used to calculate the
Type I error and power rates. The effect of the conditions in the study for detecting the DBF
was evaluated by the Type I error and power rate criterion. Power rate gives a measure of how
accurate the DIF is detected for each item and the bundle using the SIBTEST procedure. It is
generally expected that the power rates obtained are equal to and greater than 0.80. However,
Type 1 error occurs when the DIF is detected in the item and bundle that do not contain DIF.
Generally, in DIF studies, the criterion of type 1 error is 0.05 nominal alpha value (Ross, 2007;
Atalay Kabasakal et.al.)

In this study, a variance analysis was also performed to detect how the type I error and power
rates obtained regarding the differentiating location of the item with DIF in the test changed
according to the conditions studied.

3. FINDINGS

The findings obtained from the analysis of the data generated according to the conditions
specified in this section are presented in the context of the location of the item showing DIF in

the bundle.
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3.1. The Situation When All the Items in the Bundle Show DIF

The situation in which all the items in the bundle show DIF was analyzed in two conditions: 1)
there are items with DIF outside of the bundle and 2) there are no items with DIF outside of the
bundle. The power of the test was calculated regarding the DIF results according to the corre-
lation between the dimensions, the sample size, and the ratio of reference to focal group size
obtained in both conditions. The results are demonstrated in Table 2.

Table 2. Power rates for the conditions in which all the items in the bundle show DIF.

Condition OUT DIF*  OUT DIF
Correlation between dimensions Sample Sample Ratio Power Rate  Power

(r9102) Size (R/F) Rate

1/3 (500/1500) 1

2000 1/1 (1000/1000) 1

3/1 (1500/500) 1

1/3 (1250/3750) 1

5000 1/1 (2500/2500) 1

3/1 (3750/1250) 1

1/3 (500/1500) 1

2000 1/1 (1000/1000) 1

3/1 (1500/500) 1

1

1

1

1

1

1

1

1

1

0.10

0.45

1/3 (1250/3750)
5000 1/1 (2500/2500)
3/1 (3750/1250)
1/3 (500/1500)
2000 1/1 (1000/1000)
3/1 (1500/500)
1/3 (1250/3750)
5000 1/1 (2500/2500)
3/1 (3750/1250)

Notes. OUT DIF*: There are items with DIF outside of the bundle, OUT DIF-: There is no DIF outside of the bundle.

0.80

—_ | = = | = = e = = R = = | = =

—_

In two different conditions (there are items and there are no items which contain DIF outside
of the bundle) which were analyzed in the situation that all of the items in the bundle show DIF,
SIBTEST detected the DIF in the bundle as 100% correct for all conditions. For this reason, the
power rates of the bundle did not differ according to the variables analyzed in the study. All
power rates obtained were above the acknowledged limit.

3.2. The Situation When the Items which Show DIF and do not Show DIF are Present
Together in the Bundle

The situation when the items which show DIF and do not show DIF are present together in the
bundle was analyzed in two conditions: 1) There are items showing DIF outside of the bundle
and 2) There 1s no item showing DIF outside of the bundle. The power of the test was calculated
regarding the DIF results according to the correlation between the dimensions, the sample size,
and the ratio of reference to focal group size obtained in both conditions. The results are
demonstrated in Table 3.
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Table 3. Power rates for the conditions in which the items that show DIF and do not show DIF are
present together in the bundle.

Conditions OUT DIF* OUT DIF
Correlation between dimensions Sample Sample Ratio Power Rate  Power Rate
(To102) Size (R/F)

1/3 (500/1500) 0.33 1
2000 1/1 (1000/1000) 0.45 1

0.10 3/1 (1500/500) 0.41 0.99
1/3 (1250/3750) 0.62 1
5000 1/1 (2500/2500) 0.84 1
3/1 (3750/1250) 0.66 1

1/3 (500/1500) 0.37 0.97
2000 1/1 (1000/1000) 0.30 1

0.45 3/1 (1500/500) 0.35 0.97
1/3 (1250/3750) 0.58 1
5000 1/1 (2500/2500) 0.76 1
3/1 (3750/1250) 0.69 1

1/3 (500/1500) 0.26 0.97

2000 1/1 (1000/1000) 0.33 0.99

0.80 3/1 (1500/500) 0.28 0.96
1/3 (1250/3750) 0.57 1
5000 1/1 (2500/2500) 0.74 1
3/1 (3750/1250) 0.54 1

Notes. OUT DIF*: There are items with DIF outside of the bundle, OUT DIF-: There is no DIF outside of the bundle.

1) It was observed that the power rates obtained from SIBTEST varied between 0.26 and 0.84
when the items which show DIF and do not show DIF were present together in the bundle, and
there are items with DIF outside of the bundle. The minimum power rate (0.26) was observed
in the condition when the correlation between the two dimensions was 0.80, sample size was
2000, and sample ratio was 1/3. The largest power rate (0.84) was observed in the condition in
which the correlation between two dimensions was 0.10, the sample size was 5000, and the
ratio of reference to focal group size was 1/1.

In this condition analyzed regarding the differentiating location of the item with DIF, it was
observed that the power rates obtained were detected below the acknowledged limit for other
conditions except for one condition.

According to the variables analyzed in the study:

e The average power rates obtained from the bundle at different correlations between the di-
mensions were 0.55 when rg;9, =0.10, 0.51 and when rg,9, =0.45, and 0.45 when rg;9, =0.80.
It was observed that the DIF detection power of the SIBTEST in the bundle decreased as the
correlation between the dimensions increased. In other words, the DIF in the bundle was more
accurately detected using the SIBTEST method in the condition when the correlation between
the dimensions was minimum.

e When the average power rates of the bundle at different sample sizes were examined, the
results were obtained as 0.34 when the sample size was N=2000 and 0.67 and when the sample
size was N=5000. DIF detection power of the SIBTEST in the bundle increased as the sample
size increased. Using the SIBTEST procedure, the DIF in the bundle was more accurately de-
tected in the large sample.
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e When the average power rates of the bundle were analyzed in terms of the ratio of reference
to focal group size, the results were obtained as 0.45 when R/F: 1/3; 0.57 and when R/F: 1/1
and 0.49 when R/F: 3/1. DIF detection power of the SIBTEST in the bundle was higher when
the ratio of the reference and focal group size was equal. Using the SIBTEST procedure, the
DIF was more accurately detected in the condition when the ratio of reference to focal group
size was equal.

2) When the items which show DIF and do not show DIF were present together in the bundle
and there was no item with DIF outside of the bundle, it was observed that power rates obtained
from the SIBTEST were relatively lower compared to the condition when all of the items in the
bundle were items with DIF. The power rates obtained varied between 0.96 and 1. The mini-
mum power rate (0.96) was observed in the condition when the correlation between the two
dimensions was 0.80, the sample size was 2000, and sample ratio was 3/1. The maximum
power rate (1) was observed in all conditions when the sample size was 5000 and under some
conditions when the sample size was 2000.

In this condition analyzed according to the differentiating location of the item with DIF in the
test, the obtained power rates were above the acknowledged limit.

According to the variables analyzed in the study:

e The average power rates obtained from the bundle at different correlations between the di-
mensions were 1 when rg192 =0.10; 0.99 and when 9,9, =0.45, and 0.99 when rg,9, =0.80. It
was observed that the highest DIF detection power of the SIBTEST in the bundle was obtained
in the condition when the correlation between the dimensions was the lowest. In other words,
the DIF in the bundle was most accurately detected using the SIBTEST procedure in the con-
dition when the correlation between dimensions was the lowest.

e When the average power rates of the bundle at different sample sizes were analyzed, the re-
sults were obtained as 0.98 when the sample size was N=2000 and 1 when the sample size was
N=5000. DIF detection power of the SIBTEST in the bundle increased as the sample size in-
creased. Using the SIBTEST procedure, the DIF in the bundle was more accurately detected in
the large sample.

e When the average power rates of the bundle were analyzed in terms of the ratio of reference
to focal group size, the results were obtained as 0.99 when R/F: 1/3; 1 when R/F: 1/1 and 0.99
when R/F: 3/1. DIF detection power of the SIBTEST in the bundle was relatively higher when
the ratio of the reference to focal group size was equal. Using the SIBTEST procedure, DIF
was more accurately detected in the condition when the ratio of reference to focal group was
equal.

3.3. The Situation When No Items Show DIF in the Bundle

The situation in which no items in the bundle show DIF was analyzed in two conditions: 1)
there are items with DIF outside of the bundle and 2) there are no items with DIF outside of the
bundle. The Type I Error of the SIBTEST was calculated according to the correlation between
the dimensions, the sample size, and the ratio of reference to focal group size obtained in both
conditions. The results are demonstrated in Table 4.
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Table 4. Error rates for the conditions in which there are no items showing DIF in the bundle.

Conditions OUT DIF* OUT DIF
Correlation between dimensions ~ Sample Sample Ratio Error Rate Error Rate
(To102) Size (R/F)

1/3 (500/1500) 0.33 0.28

2000 1/1 (1000/1000) 0.46 0.42

0.10 3/1 (1500/500) 0.39 0.35
1/3 (1250/3750) 0.65 0.74

5000 1/1 (2500/2500) 0.79 0.80

3/1 (3750/1250) 0.69 0.62

1/3 (500/1500) 0.32 0.34

2000 1/1 (1000/1000) 0.37 0.38

0.45 3/1 (1500/500) 0.36 0.36
1/3 (1250/3750) 0.64 0.67

5000 1/1 (2500/2500) 0.66 0.77

3/1 (3750/1250) 0.53 0.63

1/3 (500/1500) 0.35 0.37

2000 1/1 (1000/1000) 0.34 0.31

0.80 3/1 (1500/500) 0.34 0.28
1/3 (1250/3750) 0.57 0.66

5000 1/1 (2500/2500) 0.67 0.69

3/1 (3750/1250) 0.55 0.62

Notes. OUT DIF*: There are items with DIF outside of the bundle, OUT DIF-: There is no DIF outside of the bundle.

1) It was observed that Type I errors in the bundle varied between 0.32 and 0.79 when there
are no items which show DIF in the bundle and when there are items which show DIF outside
of the bundle. The lowest error rate (0.32) was observed in the condition when the correlation
between the two dimensions was 0.45, sample size was 2000, and sample ratio was 1/3. The
largest error rate (0.79) was observed in the condition when the correlation between the two
dimensions was 0.10, sample size was 5000, and the ratio of reference to focal group size was
1/1.

It was observed that the error rates obtained in this condition were significantly higher than the
nominal alpha level (0.05). It is thought that this situation is caused by the fact that the DIF
levels increase when the items are analyzed in a bundle, whereas the items do not show DIF
when each item is analyzed individually.

According to the variables analyzed in this study:

e The average error rates obtained from the bundle at different correlations between the dimen-
sions were 0.55 when 1919, =0.10; 0.48 and when 1919, =0.45 and 0.47 when rg,9, =0.80. It
was observed that the average Type I error rates in the bundle relatively decreased as the cor-
relation between the dimensions increased. In other words, Type I error rate decreased as the
test approached unidimensionality.

e When the average Type I error rates of the bundle at different sample sizes were analyzed, the
results were obtained as 0.36 when the sample size was N=2000 and 0.64 when the sample size
was N=5000. It was observed that the error rates of the bundle increased as the sample size
increased. A lower error rate was obtained in the small sample when detecting DIF in the bundle
by using the SIBTEST procedure.

e When the average Type I error rates of the bundle were examined in terms of the ratio of
reference to focal group size, the results were obtained as 0.48 when R/F: 1/3; 0.55 and when
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R/F: 1/1 and 0.48 when R/F: 3/1. It was observed that the error rates obtained were higher when
the ratio of reference to focal group was equal.

2) When there were no items which show DIF in the bundle and the test, it was observed that
Type 1 errors of the bundle varied between 0.28 and 0.80. The lowest error rate (0.28) was
observed in two different conditions when the sample size was 2000 and the correlation between
the two dimensions was 0.10 and the sample ratio was 1/3, and the correlation between the two
dimensions was 0.80 and the sample ratio was 3/1. The highest error rate (0.80) was observed
in the condition when the correlation between the two dimensions was 0.10 and the sample size
was 5000, and the ratio of reference to focal group size was 1/1.

In this condition analyzed regarding the differentiating location of the item with DIF in the test,
it was observed that the error rates obtained were significantly higher than the nominal alpha
level (0.05). It is thought as in the former sub-problem that this situation was caused by the
fact that the DIF levels increase when the items are analyzed in a bundle, whereas the items do
not show DIF when analyzed individually.

According to the variables analyzed in the study:

¢ The average error rates obtained from the bundle at different correlations between the dimen-
sions were 0.53 when 7g19,=0.10; 0.52 and when rg,9, =0.45 and 0.48 when 19,9, =0.80. It
was observed that the average Type I error rates in the bundle relatively decreased as the cor-
relation between the dimensions increased. In other words, Type I error rate of the bundle de-
creased as the test approached unidimensionality.

e When the average Type I error rates of the bundle at different sample sizes were analyzed, the
results were obtained as 0.34 when the sample size was N=2000 and 0.69 when the sample size
was N=5000. It was observed that the average error rates of the bundle increased as the sample
size increased. A lower error rate was obtained in the small sample when detecting the DIF in
the bundle by using the SIBTEST procedure.

e When the average Type I error rates of the bundle were analyzed in terms of the ratio of
reference to focal group size, the results were obtained as 0.51 when R/F: 1/3; 0.56 and when
R/F: 1/1 and 0.48 when R/F: 3/1. It was observed that the error rates obtained were higher when
the sample ratio of the reference and focal groups was equal.

A variance analysis was performed to determine how the power rates of the bundle with DIF
and type 1 error rates of the bundle with DIF differ in terms of the variables analyzed in the
study. Since the power rates of the bundles did not differ in the conditions when all the items
in the bundle contained DIF, a variance analysis could not be performed on these bundles.
ANOVA results for the power rates are demonstrated in Table 5 and ANOVA results for the
error rates are demonstrated in Table 6.

When the ANOV A results for the power rates in Table 5 were analyzed, the difference of power
rates was found significant for the variables: the correlation between the dimensions, the sample
size, and the ratio of reference to focal group size in the condition when the items that show
DIF and do not show DIF was present together in the bundle and also there were items with
DIF outside of the bundle. In this condition, the largest effect size belongs to the sample size.
The sample size had a medium effect size over the power rates analyzed in this condition.

The variables, the correlation between the dimensions and the ratio of reference to focal group
size, had a small effect size on the power rates. In this condition, only the sample size and
sample ratio interaction were significant among the interaction effects between the variables
(F=.704, n?=.005). According to Post-hoc test results, the power rates that belong to the condi-
tion in which the correlation between the dimensions was 0.10 were significantly higher than
the condition in which correlation was 0.80. No significant difference was found between the
correlation 0.45 and other correlations. The power rates which belong to N=5000 value were
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significantly higher than the power rates of N=2000 value. The rate R/F: 1/1 was determined to
be significantly higher than the ratio of the other two samples. No significant difference was
observed between the ratios R/F: 1/3 and 3/1.

Tablo 5. ANOVA results for the power rates of the bundles.

Bundlez, Bundleay

Effects Sd F n? F n?

CD*SS*SR 4 6817 .001 408 .001
SS*SR 2 4.704™ .005 2.654 .003
CD*SR 4 1.273 .002 408 .001
CD*SS 2 124 .0001 2.654 .003
SR 2 9.558" .009 2.654 .003
SS 1 215.533" A1 15.309™ .008
CD 2 6.631" .006 2.654 .003

Notes. **: p<0.05; Bundle,,: The condition in which the items that show DIF and do not show DIF are present
together in the bundle and also there are items with DIF outside of the bundle; Bundles,: The condition in which
the items that show DIF and do not show DIF are present together in the bundle and also there are no items with
DIF outside of the bundle; CD= Correlation between Dimensions; SS= Sample Size; SR=Sample Ratio (R/F).

The difference of power rates was found to be significant only for the main effect of the sample
size in the condition in which the items that show DIF and do not show DIF were present to-
gether in the bundle and there were no items which show DIF outside of the bundle. Sample
size had a small effect size on the power rates analyzed in this condition. The power rates when
N=5000 were significantly higher than the power rates when N=2000. The power rates of the
bundle analyzed in this condition did not make a difference for the interactions between the
other main effects and variables.

Tablo 6. ANOVA results for the type 1 error rates of the bundles.

Bundles, Bundlesy,
Effects Sd F n? F n?
CD*SS*SR 4 508 .001 934 .002
SS*SR 2 1.373 .001 1.493 .001
CD*SR 4 750 .002 .881 .002
CD*SS 2 792 .0008 314 .0003
SR 2 4.476" .005 5.022™ .005
SS 1 150.087 .08 245214 12
CD 2 5.188™ .005 1.653 .002

Notes. ™": p<0.05; Bundles,: ANOVA results for the Type I error rate in the condition in which there are no items
showing DIF in the bundle and there are items showing DIF outside of the bundle; Bundles,: ANOVA results for
the Type I error rate in the condition in which there are no items showing DIF in the bundle and outside of the
bundle; CD= Correlation between Dimensions; SS= Sample Size; SR=Sample Ratio (R/F).

When the ANOVA results for the type 1 error rates in Table 6 were analyzed, the error rates
were found significant for the variables: the correlation between the dimensions, the sample
size, and the sample ratio in the condition in which there were no items showing DIF in the
bundle and there were items showing DIF outside of the bundle. In this condition, the largest
effect size belongs to the sample size. The sample size had a medium effect size on type 1 error
rate analyzed in this condition. The variables, the correlation between dimensions, and the ratio
of reference to focal group size, had a small effect size on the error rates. In this condition, the
interaction effects between the variables were not found to be significant. According to Post-
hoc test results, the error rates that belong to the condition in which the correlation between



Ozdogan & Kelecioglu

dimensions was 0.10 are significantly higher than the error rates with other correlation values.
No significant difference was found between the correlations 0.45 and 0.80. The error rates
were significantly higher when N=5000 than the error rates when N=2000. The rate R/F: 1/1
was determined to be significantly higher than the ratio of the other two samples. No significant
difference was observed between the rates R/F: 1/3 and 3/1.

In the condition in which there were no items showing DIF in the bundle and outside of the
bundle, type 1 error rates were found to be significant for the main effects of the sample size
and the ratio of the samples. The largest effect size belongs to the sample size. The sample size
had a medium effect size on the type 1 error analyzed in this condition. The ratio of reference
to focal group size had a small effect size on the type 1 error rate. In this condition, the interac-
tion effects between the variables were not found to be significant. According to Post-hoc test
results, R/F: 1/1 value had significantly higher error rates than R/F: 3/1. No significant differ-
ence was found in the other paired comparisons of the ratio of reference to focal group size.
The power rates were significantly higher when N=5000 than the power rates when N=2000.

4. DISCUSSION and CONCLUSION

In this study, the results of the power rate and type 1 error rate were analyzed regarding the
differentiating location of the item with DIF in the test in terms of the correlation between the
dimensions (0.10, 0.45 and 0.80), the sample size (2000 and 5000), and the ratio of reference
to focal group size (1/3, 1/1 and 3/1). The results obtained are discussed by reviewing the stud-
ies conducted on the topic.

In all conditions analyzed regarding the differentiating location of the item with DIF in the test,
the power of SIBTEST to detect items with DIF was obtained as the highest in the conditions
when the correlation between the two dimensions was the lowest. In general, the power rates
of the bundle relatively decreased as the correlation between the dimensions increased. In other
words, the power of SIBTEST to detect items with DIF decreased as the test approached
unidimensionality. This result is expected when it is considered that DIF is caused by
multidimensionality. Ross (2008), in her study, determined the correlation between the
dimensions as 0.316, 0.632 and 0.837 and found that the power of SIBTEST to detect DBF
relatively decreased as the correlation between the dimensions increased. This finding is similar
with the results obtained in this study. In some of the DIF studies conducted at item level, the
variation of the power rates is not very explicit in terms of the correlation between the
dimensions (Walker & Sahin, 2016; Lee, 2004). All in all, it is possible to state that as the
correlation between dimensions decreases, that is, as the test approaches unidimensionality, the
power of determining DIF in the item cluster of SIBTEST increases.

Among all conditions analyzed regarding the location of the item with DIF in the test, it was
found that the power rates of the bundle increased as the sample size increased. In the studies
conducted by Finch (2012), Ross (2008), and Russell (2005), which addressed DIF in various
conditions, the researchers analyzed the power rates of the bundle in various sample sizes and
found that the power rates of the bundle increased as the sample size increased. These findings
are similar with the results obtained in this study. In addition, in some of the DIF studies
conducted at item level, the power rates increased as the sample size increased (Awuor, 2008;
Lee, 2004; Bolt, 2002; Narayanan & Swaminathan, 1994; & Ackerman, 1992b).

Another condition examined in this study, besides the sample size, is the ratio of reference to
focal group size. Among all conditions analyzed regarding the location of the item with DIF in
the test, the highest power rates of the bundle were observed in the conditions in which the ratio
of reference to focal group size was equal (R/F: 1/1). No clear pattern was observed in the
conditions in which the ratio of reference to focal group size was R/F: 1/3 and 3/1. In their
studies Finch (2012) and Ross (2008) analyzed DIF in the bundle and found that the power
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rates of the bundle were higher in the conditions when the ratio of reference to focal group size
was equal. These findings are similar to the findings obtained in this study. In some of the DIF
studies conducted at item level, the power rates were found to be higher in the conditions when
the ratio of reference to focal group size was equal (Awuor, 2008; Narayanan & Swaminathan,
1994). Sample size and the ratio of sample sizes of focus and reference groups is an important
factor in DIF determination studies. It is suggested that the sample size should be at least 1000
in DIF determination methods based on ITC (Shepard et al., 1981), and that there should be at
least 250 individuals in each of the focus and reference groups for the SIBTEST method (Shealy
& Stout, 1993). Since SIBTEST is a method based on IRT in determining DIF, since the sample
size increased, the power to detect DIF in the item cluster of SIBTEST increased as its sample
size increased, and the highest power ratios were obtained under the conditions where the focus
and reference group ratios were equal.

The study also analyzed the conditions in which there were items with DIF and there were no
items with DIF outside of the bundle when there were no items with DIF in the bundle. It was
observed in these conditions that the type 1 errors were notably higher than the nominal alpha
level. In a study conducted by Russell (2005), the DIF in the bundle was analyzed in terms of
the sample size, test length, and DIF size, and it was observed that the type 1 error rates of the
bundle were notably higher than the nominal alpha level. In all conditions, the error rates varied
between 0 and 47 in 50 repetitions carried out. In a study conducted by Ross (2008), the DIF in
the bundle was analyzed in terms of the correlation between the dimensions, the sample size,
the sample ratio, item angle, and DIF size.

The error rates obtained in all conditions in the study do not significantly exceed the nominal
alpha level (it varies between 0.04 and 0.07). In a study conducted by Finch (2012), the DIF in
the bundle was analyzed in terms of the sample size, the sample ratio, test length, and the item
rate in the bundle. As a result, the error rates which do not significantly exceed the nominal
alpha level were obtained (it varies between 0.053 and 0.072).

In this study, the error rates of the bundle relatively decreased as the correlation between the
dimensions increased. In the study conducted by Ross (2008), the error rates did not show a
significant difference in terms of the correlation between the dimensions.

Moreover, in the study, it was observed that the error rates increased as the sample size in-
creased when the error rates were analyzed in terms of the sample size. This finding is not
similar with the study results found by Finch (2012), Ross (2008), and Russell (2005).

Another important finding concerns the error rates analyzed in terms of the ratio of reference
to focal group size in the study as it was observed that the highest error rates were obtained
when the sample ratio of the groups was equal. This finding is similar with the results obtained
by Finch (2012). However, the error rates of the bundle did not differ according to the sample
ratio of the groups in the study conducted by Ross (2008).

In the study, the DIF detection power of SIBTEST was the highest when all the items forming
the bundle showed DIF. When all the items forming the bundle showed DIF, the condition in
which there were items with DIF or no items with DIF outside of the bundle in the rest of the
test had no effect on the power rates obtained at bundle level.

In this study, the presence of items which do not show DIF in the bundle caused the power rates
obtained at bundle level to slightly decrease. However, when the items which show and do not
show DIF in the bundle were present together and there were no items which show DIF outside
of the bundle, the power rates obtained at bundle level did not fall below the acknowledged
limit. On the other hand, the power rates obtained at bundle level fell below the acknowledged
limit when the items which show and do not show DIF in the bundle were present together and
there were items which show DIF outside of the bundle.
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In another condition analyzed in this study, it was observed that the error rates of the bundle
were notably higher than the nominal alpha level when there were no items with DIF in the
bundle and there were items with and without DIF outside of the bundle. This may be caused
by the fact that the items do not show DIF when analyzed individually but they can cause DIF
in high levels when they form a bundle.

In DIF studies, DIF does not occur in the item if the item is responsive to the secondary dimen-
sion and the ability distributions of the groups do not differentiate on the secondary dimension.
Again, DIF does not occur in the item if the ability distributions of the individuals differentiate
on the secondary dimension and the item is not responsive to the secondary dimension (Shealy
& Stout, 1993; Ackerman, 1992b). In this study, the situations when the bundle and the test did
not contain DIF were set by creating conditions in which the individuals had different ability
distributions; however, the item was not responsive to the secondary dimension. This condition
was assured with the angle values of the item. It was preferred due to one of the conditions
analyzed in the study, which is, there are items which contain DIF outside of the bundle,
whereas there are no items which contain DIF in the bundle. In future research for the conditions
without DIF, the items can be created multidimensional and the error rates can be analyzed in
the conditions created without differentiating the abilities of the individuals in the secondary
dimension.

In the study, the first 10 items of the test were acknowledged as the bundle. In future research,
the effect of the items, which form the bundle and are scattered in the test, for detecting DBF
can be studied. Another condition for the items showing DIF in the study, the difference in
ability distribution between the reference and focal groups, was kept constant in all conditions.
In future research, the effect of the different ability distributions between the reference and focal
groups for detecting DBF can be studied. Another suggestion is about the procedure. In this
study, the DIF at bundle level was detected using SIBTEST; in future research, the DIF at bun-
dle level can be studied using such procedures as MIMIC and DFIT.
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