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Abstract: In this study purposes to indicate the effect of the number of DIF 

items and the distribution of DIF items in these forms, which be equalized 

on equating error. Mean-mean, mean-standard deviation, Haebara and 

Stocking-Lord Methods used in common item design equal groups as 

equalization methods. The study included six different simulation 

conditions. The conditions were compared according to the number of DIF 

items and the distribution of DIF items on tests. The results illustrated that 

adding DIF items to tests were equated caused an increase in the errors 

obtained by equating methods. We may state that the change in errors is 

lowest in characteristic curve transformation methods, largest in moment 

methods depending on the situations in these conditions. 
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1. INTRODUCTION 

Countries participate in large-scale tests at international or national level or prepare and 

implement large-scale examinations in order to evaluate the educational systems or to place 

students in upper level educational institutions. These implemented tests are prepared in 

various forms in order to ensure reliability and to be able to compare the test scores of 

individuals taking these tests at different times. It is necessary to equate their scores in order to 

be able to make a comparison of scores of people taking these test forms or to make a 

comparison of the difficulty of exams prepared for the same purpose (Dorans & Holland, 2000; 

Dorans, 2004; Kim, Walker & McHale, 2010). 

Through procedures applied to the scores obtained from the test forms measuring the 

same construct, it is possible to make these scores interchangeable regardless of when and to 

whom these test forms are applied (Kolen & Brennan, 2004; Dorans & Holland, 2000). Test 

equating is a statistical and psychometric technique used for the adjustment of scores from 

different tests measuring the same construct in order to compare scores obtained from various 

forms of that test (Dorans & Holland, 2000; Skaggs, 2005). Felan (2002) points out that the 

scores obtained from different tests can be placed on a single scale and compared 

simultaneously via the statistical relationship established between the scores obtained from two 
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different forms measuring the same construct. According to a definition by Angoff (1971), test 

equating is the process of converting the unit scale of a test form to the unit scale of another test 

form. Kim and Hanson (2002) express equating as interchangeability of test forms after 

procedures applied to points from these test forms. In principle, the process of establishing the 

relationship between raw or scaled points used in two or more test forms is described as 

equating (Skaggs & Lissitz, 1986). The conditions required to be able to do equating are 

measuring the same construct, having equal reliability, equity, and invariance between groups 

(Dorans & Holland, 2000; Lord, 1980; Swaminathan & Gifford, 1983). 

The right decision making end of these large scale exams that are extremely important 

for societies depends on reliability and validity of exams. Especially in equating of large-scale, 

there are a lot of situation that threaten reliability and validity. The some of the situations stem 

from multiple sources including measurement error, sampling error, measurement disturbances 

and administrative challenges. Measurement error usually refers to inaccurate associated with 

a measuring instrument (Wu, 2010). Depending on the equating method and pattern, the error 

emerging as a result of equating is of two types: random and systematic (Kolen, 1988; Felan, 

2002). While random error that stems from answerer sampling is defined as standard error of 

equating (Kolen & Brennan, 2004); the other type of equating error, which is also known as 

equating bias, stems from violation of axioms or from biasedness (Zeng, 1991). Biasedness 

arises as a result of evaluation of an item with differential item functioning (DIF) by specialist 

opinion and involves sensitivity and differential item functioning analysis (Hambleton, 2006; 

Sireci & Mullane, 1994; ETS, 2009). 

DIF surfaces as individuals with similar ability level but are in different subgroups differ 

in their probability for answering test items (Osterlind, 1983; Zumbo, 1999). Differential item 

function is of two types: uniform and non-uniform. It is considered uniform if the probability 

an item being answered correctly contains DIF in favor of a specific group for all ability levels 

but non-uniform if it contains DIF in favor of different groups at different ability levels 

(Zumbo, 1999). Investigation of differential item functioning (DIF) is with outmost important 

on the accuracy of the decisions taken as a result of large-scale examinations for societies when 

comparing measures across different groups (Lai, Teresi & Gershon, 2005; Swaminathan & 

Rogers, 1990). The presence of a DIF item(s) in the test, an indication of bias, will cause the 

obtained scores to be misleading (Zieky, 2002; Osterlind, 1983).  

In the context of this study, the aim is to investigate the effect on the equating error 

obtained from the IRT-based equating methods according to the test containing DIF items and 

the number of DIF items in two tests with the same item parameters during the process of placing 

the points obtained from these tests on the same scale. Equalization of tests containing DIF 

items with item response models takes place in the literature using different methods and 

conditions (Demirus, 2015; Huggins, 2014). However, differentiation of the number of DIF 

items and the distribution of DIF items in test forms which be equalized in common item design 

equal groups makes this work unique from other studies. In this respect it will be contribute to 

literature. In this line, the basic research question may be formulated as: 

“What are the effects of the number of DIF items in tests and of the tests containing DIF 

items on the equating error during the process of placing two math tests measuring the same 

construct on the same scale?” 

2. METHOD 

In this study purposes to indicate the effect of the number of DIF items and the distribution 

of DIF items in these forms, which be equalized on equating error. This is a basic research 

study in essence since it investigates the effect of the number of DIF items present in forms on 
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equating error with respect to the forms including DIF items by using IRT equating methods 

on common item pattern in equal groups. 

2.1. Data Collection  

Here, the study was conducted on the data set generated from the 2013-2014 TEOG exam 

on the basis of the assumption that the tests were taken by individuals with equal ability. Two 

different math test forms were generated with Wingen2 program by using item parameters in 

the math test of this exam. These forms are comprised of a medium-length test containing 15 

common items aside from a set of 40 parallel questions. Hence, scores obtained from two tests 

containing 55 items per each were on the same scale. The item parameters of the math test were 

0.20-0.76 for parameter a, 0.34-0.83 for parameter b, and 0.25-0.40 for parameter c. The 

common item pattern in equal groups was used as a pattern in equating. The forms A and B 

with 40 items per each were generated for different conditions in accordance with the three-

parameter logistic model scored as 1-0 regarding the Item Response Theory models. Since the 

common form was so as to reflect A and B tests, it was generated by using the same parameters. 

The forms were generated to measure the same construct unidimensionally. For the ability 

distribution of the groups taking these forms, 1000 answers with normal distribution were 

generated so as the mean is 0 and standard deviation is 1. There are items with uniform DIF at B 

(medium) level in the common test and in the basic test on the generated forms. The DIF items 

were obtained as in favor of single group (in favor of males in TEOG); sizes of focus and 

reference groups are equal. 

In order to answer the research question, six different conditions were considered: two 

different situations for number of DIF items (5 and 10) and three different situations for the 

test form containing the DIF items (form A, form B, and the Common form). The patterns of 

conditions are given in Table 1. 

Table 1. The conditions determined with respect to the number of DIF items on forms and on the forms 

containing DIF items. 

 Number 

of Items 

Total of 5 DIF Items Total of 10 DIF Items 

Form A 40 5 DIF 

Items 

3 DIF 

Items 

- 10 DIF 

Items 

5 DIF 

Items 

- 

Form B 40 - - - - - - 

Common 

Form 

15 - 2 DIF 

Items 

5 DIF 

Items 

- 5 DIF 

Items 

10 DIF 

Items 
 Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6 

 

As it is seen in Table 1, six different conditions were obtained on the basis of different 

number of DIF items contained and the test forms these DIF items were on after forms A and 

B were generated as basis. Attention was paid to not to place the DIF items on tests 

consecutively. 

2.2. Data Analysis  

The common form was included in scores as internal anchor test in the study. Since the 

data belonging to test forms used in this study display similar difficulty and selectivity means, 

horizontal equating was done among these test form. The same parameters were used for 

common form data. 

Separate conjecture methods were used for equating pattern used. PARSCALE 4.1 

program was used for conjecture of parameters, IRTEQ program was used for test equating and 
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scaling. Data derivation and equating process were repeated 25 times for each condition and 

each method. 

The root mean square deviation (RMSD) value was used in equating the test scores that 

the individuals with same ability level have received from different test forms. The RMSD values 

obtained from Mean-Mean, Mean-sigma, Stocking-Lord, Heabara equating methods were 

obtained by averaging 25 repeats. 

3. FINDINGS 

The six conditions were considered for the comparison of the equating error obtained by 

different IRT equating methods on the basis of the number and distribution of DIF items. In 

order to compare the condition as criteria, the equating errors in condition where both test forms 

do not contain DIF items.  

Firstly, the condition where the 7th, 12th, 23rd, 26th, and 37th items in the first 40 

questions of the basic test, which is called test A and is among the math test to be equated, display 

uniform DIF with a difference of 0.6 at B level and there is no DIF item in the first 40 questions 

of the common test and form B was considered. This condition where there are five DIF items 

in the basic test and no DIF items in common test and form B is called Condition 1.  

Condition 2 was created where DIF items are present both in the common test and the 

basic test, as number of DIF items is kept same. Under this condition, it is assumed that there 

are three DIF items, the 5th, 17th, and 33rd items, in the first 40 questions of the basic test; and 

there is DIF in the 47th and 53rd items of the common test.  

Condition 3 was created to analyze the RMSD value where DIF items are present only 

in the common test, as number of DIF items is fixed. Under this condition, it is assumed that 

there is DIF in the 51st, 52nd, 53rd, 54th, and 55th items only in the common test form of the 

math test.  

In order to investigate the effect of the change in the number of DIF items on equating 

error, the number of DIF items in the first 40 questions of the basic test is considered to be ten. 

Items that were considered as having DIF are the 5th, 7th, 12th, 17th, 23rd, 26th, 29th, 33rd, 

37th, and 40th items. The condition where there is no DIF item in the first 40 questions of the 

common test and form B is called Condition 4.  

Condition 5 was created which tests the DIF items are present in while the number of DIF 

items in tests to be equated is taken as ten and the number of DIF items is fixed. For this condition, 

it is assumed that the 7th, 12th, 23rd, 26th, and 37th items of the first 40 questions on A test and 

the 51st, 52nd, 53rd, 54th, and 55th items of the common test have DIF. 

Created condition 6 where there are ten DIF items only in the common test is assumed 

that only the 46th, 47th, 48th, 49th, 50th, 51st, 52nd, 53rd, 54th, and 55th items on the common 

test form have DIF. 

We examined RMSD equating errors of equating done by four methods for 6 conditions 

and math test forms without DIF as scaling method. The equating errors, which were obtained 

as the points taken from tests A and B belonging to these conditions were placed on same scale, 

were investigated with respect to IRT equating methods. These values were shown in Table 2. 
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Table 2. The RMSD equating errors of equating done by four methods for conditions where math test 

forms without DIF. 

 Mean- Mean Mean-Sigma Haebara (HB) Stocking-Lord (S-L) 

The equating errors for test forms 

without DIF 

0.057616 0.179619 0.17014 0.171374 

Condition 1 1.14101 0.842776 0.98555 0.597466 

Condition 2 0.348804 0.511489 0.328713 0.295562 

Condition 3 0.39065 0.588079 0.308391 0.291414 

Condition 4 1.165186 0.886565 0.600028 0.606109 

Condition 5 0.646586 0.915705 0.546247 0.519187 

Condition 6 0.318883 0.69995 0.352803 0.332708 

condition 1: five DIF items in the test A and no DIF items in common test and form B 

condition 2: five DIF items in the test A and two DIF items in test B 

condition 3: five DIF items in the common test of the math forms 

condition 4: ten DIF items in test A and there is no DIF in the common test and form B 

condition 5: ten DIF items in test A and five DIF items test B 

Condition 6: ten DIF items in the common test of the two math forms 

When the tests forms don’t include DIF items, the lowest error among the IRT equating 

methods looks to be with Mean-Mean method. It is followed by the equating error calculated 

by the Haebara method. The highest error was obtained by Mean-sigma method.  

In condition 1, the lowest error among the IRT equating methods looks to be with 

Stocking-Lord method in conditions B. It is followed by the equating error calculated by the 

Mean-sigma method. The highest error was obtained by Mean-Mean method. 

In condition 2, condition 3 and condition 5 the lowest error among the IRT equating 

methods looks to be given by Stocking-Lord method. It is followed by the equating error 

calculated by the Heabara method, one of the characteristic curve methods. The highest error 

was produced by Mean-sigma method in this condition.  

When condition 4 is examined, the lowest error among the IRT equating methods looks to 

be given by Haebara method. Following this method, the points obtained by the Stocking-Lord 

method look to have the next lowest error. It is observed that the highest error was obtained by 

Mean-sigma method. 

When Condition 6 is examined, the lowest error among the IRT equating methods looks to 

be given by Mean-Mean method. The error coefficient obtained by the Heabara method 

follows. It is observed that the highest error was obtained by Mean-sigma method. 

4. RESULTS AND CONCLUSION 

Changes in the curriculum, such as test structure, test length, and retention exposure can 

create bias among individuals (Stocking & Lewis, 1998). The presence of questions, which 

may create a bias in favor of a specific group in one or two of the tests being equated, will affect 

the validity of this test (Osterlind, 1983; Zieky, 2002). It is also important to test whether the 

anchors items included in the test have DIF (Klein & Jarjoura, 1985; Cook & Petersen, 1987). 

 In accordance with the purpose of the study, it was investigated that inclusion of the DIF 

items in test equating process casts doubt on the accuracy of the scores generated as a result of 

equating. RMSD was used as the criteria value because of providing an estimate by combining 

the random and systematic equating error (Puhan, 2010; Sinharay & Holland, 2007) and these 

RMSD values of IRT equating methods were considered were compared to each other. 

Variations in the RMSD value, which was considered as the equating error, were examined with 
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respect to the number of DIF items and with respect to which test forms have the DIF items 

among the tests to be equated. 

Presence of DIF items in any of tests to be equated causes a decrease in errors calculated 

by all IRT equation methods. While increasing the number of DIF items only in test A causes 

an increase in errors for all methods except for Haebara method, increasing the number of the DIF 

item only in common test causes increase in errors for all methods except for the mean- mean method. 

Increase in the number of DIF items both in the common test and the basic test causes an 

increase in error calculated by all methods. When conditions that include the same number of DIF 

items in common test are compared, the presence of DIF items in the basic test also increases 

the error.  

That there are DIF items in both tests causes it to have less error than the condition where 

only test A has DIF items except for mean-sigma method in competing condition 5 and condition 4. 

To see this, it can be compared to condition 1 and condition 2; condition 1 and condition 3; condition 4 

and condition 6.  

When it is examined all conditions including condition where both test forms do not 

contain DIF items, generally it can be seen that lowest equation errors are obtained by Stocking-

Lord  method and the highest error was obtained by Mean-sigma method during equating done 

in the study. 

According to research studies that have a common finding is that item characteristic 

curve methods give more accurate than moment methods (Beguin, 2002; Kim & Cohen, 1992; 

Way & Tang, 1991; Stocking & Lord, 1983; Ogasawara, 2001). Kilmen and Demirtaşlı (2012) 

also express their study that equation errors are obtained by Stocking-Lord method indicate 

less errors than other IRT methods. The c parameter is never considered in the calculation of 

the scale factor since the mean-sigma and mean-mean methods derive the scaling factors from 

the descriptive statistics of the distribution of b-parameters. We may state that the equating 

error obtained by Mean-Mean and mean-sigma methods is higher due to added DIF items being 

uniform and being a result of a change of 0.6 unit at B level.  

In the literature, there is very little work that compares the methods of equalization on 

this subject. Demirus (2015), who examines the effects of items with DIF on the real data, in 

case the anchor items display uniform DIF for a group, the mean-mean method produces the 

largest error, the mean-sigma method yields the smallest. On the anchor items without DIF the 

biggest equating error has been obtained by mean-sigma method and smallest equating error 

has been obtained by Stocking-Lord and Haebara methods. This is partly similar to our 

findings. 

In future studies, the status of mixed-structure test that includes DIF items can be 

examined. The DIF level taken the uniformly in this study can be considered at many different 

levels. In addition, as a different dimension of this study, it is possible to examine how the 

results will be observed when the skill levels of the groups receiving the tests to be equal are 

different. 
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