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Differential Item and Differential Distractor Functioning
Analyses on Turkish High School Entrance Exam*

Seviye Belirleme Sinavinda Degisen Madde ve Degisen Celdirici
Fonksiyonu Analizleri

Ragip TERZI** Levent YAKAR***

Abstract

Test fairness is one of the most critical elements in creating assessments. Differential item functioning (DIF)
and differential distractor functioning (DDF) analyses play complementary roles in justifying test fairness. This
study aims to investigate the correct (i.e., DIF) and incorrect (i.e., DDF) response choices of students based on
gender in a standardized high-stakes test administered in Turkey. Given the purpose of this study, the Math
section of 2011 Turkish High School Entrance Exam was investigated. For DIF analyses, Mantel Haenszel and
Logistic Regression methods were used. For DDF analyses, two odds ratio approaches under the two-
parameter logistic-nested logit model and nominal response model were used. According to the findings, in
500 and 1,000 sample sizes, DIF was not detected, however, only a 2,000 sample size indicated significant DIF
results. Five DIF items were observed among 20 items, where three out of those five DIF items also showed
DDF.
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Oz

Testin adil olmast basari testi hazirlamadaki vazgegilmez unsurlardan biridir. Degisen madde fonksiyonu
(DMF) ve degisen ¢eldirici fonksiyonu (DCF) analizleri test adilligini degerlendirmede birbirlerini tamamlayan
rollere sahiptirler. Bu ¢alisma Tiirkiye’de yapilan genis 6lgekli bir teste katilan 6grencilerin cinsiyetlerine gore
dogru ve yanlis yanitlarini ve geldirici se¢imlerini DMF ve DCF yontemleri ile incelemeyi amaglamaktadir. Bu
amacla 2011 yili Seviye Belirleme Sinavi Matematik boliimii DMF ve DCF agisindan analiz edilmistir. DMF
analizleri i¢in, Mantel-Haenszel ve Lojistik Regresyon metotlar1 kullanilmistir. DCF analizleri ig¢in, iki
parametreli lojistik kiimelenmis logit ve nominal yanit modellerinin altindaki iki olasilik orani yaklagimlari
kullanilmistir. Sonuglara goére 500 ve 1,000 orneklem biiytikliigiinde DMF bulunmazken sadece 2,000
orneklem biiyiikliigiinde anlamli DMF sonuglart bulunmustur. 20 maddelik testin bes maddesinde DMF ve bu
bes maddenin {igiinde de DCF goriilmiistiir.

Anahtar Kelimeler: DMF, DCF, SBS

INTRODUCTION

The Turkish Ministry of National Education initiated a high school entrance exam (SBS) for sixth-
and seventh-graders in 2008 and eighth-graders in 2009. The purpose of administering the SBS each
year was to closely assess whether students of those grades have met the requirements of each
academic year. However, note that the SBS administration is now carried out only at the end of 8th
grades, called another name, passing to high school from elementary (TEOG) until 2017. Both
exams mainly have the same purpose of high school registration, ordering students based on their
test scores. The SBS was a nation-wide, high stakes test administered to more than one million
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students in Turkey every year (Ministry of National Education, 2011). The results from SBS were
used for summative assessment purposes.

Given the high number of students who have taken such a high-stakes test should be prepared
carefully. Haladyna and Downing (2004) classified construct-irrelevant variance into 21 potential
sources of systematic errors, including test development, item format, and item quality. Thus, it is
crucial but difficult to thoroughly investigate each measurement component of the SBS. There is still
much left to explore in order to have valid and reliable measures of their achievement in the SBS that
complies with minimal construct-irrelevant variance, even after test was already examined.
Investigating problematic and misused parts of previous tests can help us to create better tests in
future.

Writing objective items requires a lot of effort due to many reasons. One aspect of writing objective
items in a test form requires that members of different examinee groups at the same level of ability
be not negatively affected by the test. Furthermore, test analysis, particularly item analysis, can help
evaluate how the objective items have served to assessment purposes. In other words, item analysis
is a crucial way to get feedback about the quality of items. Moreover, item analysis should be
routinely carried out by psychometricians or measurement experts while especially developing an
item pool.

In general, designing a test includes three steps: writing test items, assembling and administering a
test, and analyzing test items. Starting from the beginning towards the end of the test development,
the whole process must be carefully carried out. Test fairness is an inevitable component in
designing not only achievement tests but also any type of assessments. The investigation of
measurement invariance plays a key role for the fairness of the test scores across the observed groups
at the same ability level (Camilli, 2006). Otherwise, the item is considered as differentially
functioning if the assumption of the measurement invariance is violated (Dorans & Holland, 1993).
At this point, differential item functioning (DIF) and differential distractor functioning (DDF) are
important analyses to be conducted for the justification of test fairness.

DIF and DDF can give useful information about the measurement invariance of a test, which refers
to the degree whether the test behaves in the same way for groups given the same ability level
(Dorans & Holland, 1993; Zumbo, 2007). In this context, DIF is used to describe the situation in
which one group answered an item correctly more often than the other group at the same ability level
(Zumbo, 2007). In other words, DIF can be used to check the stability of item performance among
equally knowledgeable groups (DeMars & Lau, 2011). In addition to DIF, this study also provides
additional analyses for differential distractor functioning (DDF). The concept of DDF was extended
from the notion of DIF by Green, Crone, and Folk (1989). Similar to DIF conditional on the ability
level, DDF can occur if a group is disproportionately attracted to a distractor due to a biasing factor
in the distractor (Suh & Bolt, 2011). In DIF analyses, all correct answers are compared against all
incorrect answers; whereas, only incorrect responses are examined in DDF analyses (Green et al.,
1989). Because all distractors are incorrect, the choice of a distractor does not have any impact on
test scores, however, DDF analyses can be informative for different subgroups (Abedi, Leon, & Kao,
2007). Therefore, DDF should be investigated along with DIF because DDF can cause DIF in correct
responses (e.g., Penfield, 2008; Suh & Bolt, 2011; Terzi & Suh, 2015).

Examining DIF and DDF based on gender is important because Marshall (1983) found a significant
interaction between gender and a choice of distractor in a large majority of items administered to 6"
grade students. In analyzing multiple-choice items, DIF and DDF analyses are very important
because they are typically used for a variety of purposes such as refining existing test items,
developing new scales, and validating test score inferences (Zumbo, 2007). Item bias may exist
where there is DIF, which is not relevant to item quality and thus test purposes (Zumbo, 1999).
Moreover, the presence of item bias is a matter of concern for test fairness, especially for high-stakes
tests (Camilli, 2006).
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Purpose of the Study

It is quite imperative to provide all students with conceptually and psychometrically sound
assessments regardless of their differences except for ability. As explained earlier, the SBS was a
nationally administrated exam, conducted by the Turkish Ministry of National Education. More than
one million each sixth-, seventh- and eighth-grade students in Turkey took this exam every year. The
SBS is a high-stakes test that has lasting consequences on students’ futures. Even though many
studies have examined measurement issues related to DIF and DDF, the impact of DIF along with
DDF specifically on the assessment of the SBS has not been explored. Results from analyses of this
test may give a clue about TEOG. The purpose of this study, therefore, is to conduct the DIF and
DDF analyses of the SBS in which equity and test fairness are paramount to more than one million
students.

METHODOLOGY
Data Source

In our study, 27,952 students without missing responses were randomly chosen from more than one
million eight-grade students who took the test in 2011. Only eighth-graders’ responses were used
because the new version of the exam is only available for the 8"-grade students. Among 27,952
students, 55% of them are male with a mean of raw scores of 8.82 and standard deviation of 6.10 and
45% of them are female with a mean of raw scores of 9.60 and standard deviation of 6.44. Because
the data include a large sample size, we sampled it based on three different sizes: 500, 1,000, and
2,000. To be able to generalize results to the whole population, 100 replications were implemented.
As a cut-off point, significant 50 results out of 100 replications were considered DIF or DDF. In
addition, for the impact of sample sizes, effect size results were considered in the DIF analysis.

Statistical Procedures

Two methods were used for DIF analyses. The first method was the Mantel Haenszel (MH), which is
a chi-square based technique. The second method was the Logistic Regression (LR), which is a
regression model with observed test scores and group membership (Swaminathan & Rogers, 1990).
Nagelkerke's R? (Nagelkerke, 1991), which is the proportion of explained variance in a model, can
be taken as a measure of effect size. Two definitions of DDF have been discussed in the literature
(Suh & Talley, 2015): DDF in a “divide-by-total” framework (Thissen & Steinberg, 1986) and DDF
in a “divide-by-distractors” framework (Suh & Bolt, 2011). For these frameworks, DDF was
analyzed using two nonparametric odds ratio approaches under the nested logit model (ORA-NLM;
Terzi & Suh, 2015) for divide-by-distractors and under the nominal response model (ORA-NRM;
Penfield, 2008) for divide-by-total. The reasons we chose these nonparametric approaches are
because (1) it is easy for practitioners and teachers to calculate with available user-friendly software
(e.g., SPSS, Excel), which could be obtained upon request; (2) these two approaches can help us
understand whether DIF can have a considerable impact on DDF by including or isolating the correct
option in the analyses; and (3) these approaches require a relatively smaller sample size compared to
parametric approaches.

Mantel Haenszel (MH) for DIF Analysis

The Mantel Haenszel (MH; Mantel & Haenszel, 1959) is a chi-square based technique based on a
contingency table developed by Holland and Thayer (1986) for DIF detection purposes. This
contingency table shown in Table 1 includes two columns and two rows; columns present the
number of correct and incorrect answers, rows present the focal (F) and reference (R) group sizes.
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Table 1. Contingency Table by Groups for an Item

Groups Correct Incorrect Total
Focal Group A B A+B
Reference Group C D C+D
Total A+C B+D T
AD
MH == (1)
BC
4
Ayy = ——InMH = =2.35In MH )

Equation 1 shows the odds ratio of DIF for a particular item, which ranges from 0 to c. The expected
optimum result is 1. That is, if the MH value exceeds 1, the item favors focal group, and if the value
is smaller than 1, item favors reference group. For more interpretable results, Equation 1 was
modified into Equation 2 by taking log of the MH statistic (Holland & Thayer, 1986). Equation 2
identifies the level of DIF. If |[4)4| < 1, DIF level is A (ignorable); if 1 < |4yy| < 1.5, DIF level is
B (medium); and if |4yy| = 1.5, DIF level is C (high) (Zieky, 1993). One of the disadvantages of
the MH method is that it cannot distinguish between uniform and non-uniform DIF.

Logistic Regression (LR) for DIF Analysis

The Logistic Regression (LR) method was used for DIF detection purposes based on the Logistic
Regression analysis (Swaminathan & Rogers, 1990). Briefly, the LR model is established by using
group membership as a dummy independent variable. If the group variable has an important role for
the model, the item is flagged as DIF. While responses to a particular item become the dependent
variable, intercept, the total score (X), group variable (g), and an interaction term between total
scores and group membership are independent variables for the LR model.

P
lnl—P =Po + P1x + P29 + Baxg.

If Bsis significant for the model, the item shows non-uniform DIF. If it is not significant, 85 is
excluded from the model. Then, if B, is significant for the new model, the item shows uniform DIF,
otherwise the item does not show any DIF. Likelihood ratio statistic was used in the study to
compute DIF statistic.

Differences between explained variance (R%) by models can be considered as an effect size. Gierl,
Khalig, and Boughton (1999) and Zumbo and Thomas (1997) proposed two different cut-off points
for effect size measures. According to Table 2, Zumbo and Thomas’s criteria are more conservative
than Gierl, Khaliq and Boughton’s criteria. If a calculated effect size is 0.1 for Gierl, Khalig, and
Boughton, it is large, but it is negligible for Zumbo and Thomas.

Table 2. Effect Size Criterion for LR DIF Detection

Level of DIF  Gierl, Khalig and Boughton ~ Zumbo and Thomas Meanings

A R?*<0.035 R’<0.13 Negligible effect
B 0.035<R?<0.07 0.13<R?<0.26 Moderate effect
o 0.07<R? 0.26<R? Large effect
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2PL-NLM and 2PL-NRM

A two-parameter logistic-nested logit model (2PL-NLM; Suh & Bolt, 2010) was designed as an
alternative to the nominal response model (NRM; Bock, 1972). The probability of an examinee at
ability 6; choosing the correct response under the 2PL-NLM can be modeled as a 2PL model:

P (uij =1|<9j) ={ x4, +ai0j) }

1+exp(B +a,0,)

where S is an intercept parameter and a; is a slope parameter for item i.

Given an incorrect response, the probability of choosing a distractor v as the product of the
probability of an incorrect response and the probability of selecting distractor v can be modeled as
follows:

P(uij=1d;,=1|0,)=P(uij=0]6,)P(d;, =1|uij=0,0,) =
_ {1_ exp(, +a,6;) } exp(z,,(6))) -
1+exp(B +a0,) %exp(zik(ej)) ,

where Z,, (Hj ) =g, +4, (¢9j ),WhiCh is multinomial logit for the propensity for each distractor; uj;

is the item response for item i by examinee j, where if an examinee j answers item i correctly, u;;= 1,
and O otherwise; and dj, represents an item by an examinee by a distractor array such that if an
examinee j selects a distractor v (v =1, 2, ..., m-1) of item i, dj, = 1, and 0 otherwise (Suh & Bolt,
2010).

The NRM (Bock, 1972) has the same form as the second bracket term in Equation 3. An arbitrary
linear restriction is imposed on distractor parameters as Y™ 'A;, and Y"1 ¢;, in the NLM,
whereas, this constraint is applied to all response categories, including the correct response in the
NRM.

Odds Ratio Approach under the NRM (ORA-NRM) for DDF Analysis

Following the notion in Bock (1972) under the NRM, Penfield (2008) proposed an odds-ratio
approach (ORA) based on the MH common odds ratio estimator (Mantel & Haenszel, 1959). In this
approach, ability is divided into k ability levels, which are based on total raw scores. The conditional
odds ratio for distractor v across k ability levels is shown as follows:

K
z Rok Fk /Tk

=

vk
ZRkaOk IT,
k=1
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where Ry, is the number of examinees in the reference (R) group at the k' ability level who have
responded to the item correctly; R, is the number of examinees in the R group who have chosen
distractor v; Fy, and F,, represent the counterparts in the focal (F) group; and the summation of
those numbers is represented by T}, (Mantel & Haenszel, 1959):

Tk = ROk + Rvk + FOk + ka.

The natural logarithm of &, is,
1, = In(&,). (4)

Then, DDF in distractor v can be obtained by dividing A,, by its standard error (SE). The SE of 1, is
as follows:

K
R ZTk_Z (ROk ka + &V Rvk I:Ok)(ROk + ka + O?v Rvk + é:/v I:Ok)
SE(4,) = [ ;
2 i ROk ka
Tk

k=1

()

2(4,) = jV/SE(ﬁV) , which is calculated based on Equations 4 and 5, is approximately distributed as
the standard normal (Hauck, 1979).

Odds Ratio Approach under the NLM (ORA-NLM) for DDF Analysis

The 2PL-NLM evaluates items with DDF independent of DIF because it separates distractor
parameters from correct response parameters in multiple-choice (Terzi & Suh, 2015). Suh and Bolt
(2011) made a noticeable investigation of whether distractors can be considered responsible for DIF.
Briefly, in contrast to Penfield (2008)’s approach, the correct response is excluded in evaluating
distractor v under the ORA-NLM. For more details, refer to Penfield (2008) for the ORA-NRM, and
Terzi and Suh (2015) for ORA-NLM.

RESULTS

The number of DIF detection results based on gender was reported in Table 3. When N = 500 and
1,000, none of the items showed DIF more than 50% out of 100 replications under both MH and LR
approaches. Increasing the sample size caused increases in the percentage of DIF items for almost all
items as expected. The MH and LR analyses showed similar results, as reported in other studies
(Dogan & Ogretmen, 2008; Gierl, Khalig, & Boughton 1999; Mazor, Kanjee, & Clauser, 1995). The
MH cannot distinguish non-uniform DIF, but the LR can, researchers used both uniform and non-
uniform DIF detection, so the LR can detect more DIF than the MH (Rogers & Swaminathan, 1993;
Hidalgo & LoPez-Pina, 2004). Similarly, the LR approach detected DIF in items 1, 8, and 18, which
were not detected by the MH when N=2,000. These items indicated non-uniform DIF, so the LR was
able to detect these DIF items.
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When N = 2,000, items 1 and 8 showed DIF only under the LR method. Items 13 and 17 displayed
DIF in both analyses; whereas, item 5 showed DIF only under the MH. However, DIF levels of all
items had a negligible effect based on the LR, even for Gierl, Khalig, and Boughton’s liberal criteria.
For the MH, item 5 was advantaged for male, which showed DIF 53 times in 100 replications, and
11 of 53 DIF detections had moderate effect sizes. Item 13 was advantaged for female, which
showed DIF 74 times in 100 replications, and 13 of 74 DIF detections had moderate, two of 74 had
large effect sizes. Moreover, item 17 was advantaged for male, which showed DIF 73 times in 100
replications, and 20 of 73 DIF detections had moderate effect sizes.

Table 3. Number of DIF Detection

Item N =500 N =1,000 N =2,000
LR MH LR MH LR MH
1 22 5 37 13 64* 15
2 11 3 10 9 17 8
3 4 3 6 4 3 5
4 13 15 20 23 46 47
5 12 10 27 26 47  53*
6 13 7 17 12 19 13
7 2 3 8 5 3 3
8 13 3 31 9 62* 9
9 4 6 8 4 8 13
10 11 11 6 5 10 7
11 2 2 6 5 6 7
12 4 3 9 7 8 6
13 23 18 39 45 77 74
14 3 4 6 3 13 5
15 8 6 8 7 15 14
16 2 2 1 4 4 6
17 19 16 30 39 63* 73*
18 11 3 16 11 47 21
19 4 2 8 3 7 3
20 4 4 12 3 19 9

Note. * indicates percentage of observing significant DIF based on 50% cut-off criterion

Among responses to 20 items, in addition to five DIF items, item 4 showed DIF close to the cut off,
46% and 47%, using the LR and MH, respectively. Thus, six DIF items were further investigated for
DDF. The other 14 DIF-free items were considered as anchor items where 15 ability levels were
obtained, ranging from zero to 14. For convenience, the fourth option among the four response
options was set as the correct response. The significance level was set to .05 with the Bonferroni
correction based on the number of response options considered.

Results are reported as the average of significant DDF detections across 100 sampled data sets for
the each of the three-sample sizes, as shown in Table 4. DDF was not observed when N = 500 under
the two approaches. However, the distractor ¢ showed 50% DDF for item 13 when N = 1,000 under
the ORA-NRM. When N = 2,000, the distractor b in item 1 showed 54% DDF under the ORA-NLM,
whereas, it was 53% under the ORA-NRM. As expected with a larger sample size, the distractor ¢
showed 88% DDF for item 13, in addition to the distractor b, which displayed 72% DDF for item 17
under the ORA-NRM.

For reference, the items with DDF can be seen in appendices. Note that these distractors remained as
is while the recoding was implemented because the correct responses were a, a, and c¢ for items 1,
13, and 17, respectively, which were recoded into d. Then, the d option for these items was recoded
into a, a, and c, respectively. The purpose of DDF investigation along with DIF was to check
whether DIF in the correct response could be explained through DDF. The findings suggest that the
distractors ¢ and b in items 13 and 17, respectively, can be a considerable reason for DIF in the
correct response due to the nature of the ORA-NRM. However, the distractor b in item 1 can be
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ignored because not only it was detected with a large sample size but also DIF in item 1 had a
negligible effect size.

Table 4. Number of DDF Detection

ORA-NLM ORA-NRM
N Items a b c a b c
1 5 16 5 5 17 0
4 1 1 3 1 2 3
5 1 3 3 4 2 7
500 8 5 3 1 1 1 2
13 1 8 6 6 2 20
17 3 4 1 3 7 5
1 9 26 6 3 27 3
4 2 6 3 4 6 10
5 1 5 8 4 5 16
1,000 8 10 2 6 2 5 10
13 3 17 9 5 1 50*
17 4 15 4 3 36 2
1 8 54* 18 7 53* 2
4 3 2 2 10 1 23
5 0 4 8 12 10 33
2,000 15 2 10 1 5 10
13 1 40 29 9 3 88+
17 12 36 3 4 72* 16

Note. * indicates percentage of observing significant DDF based on 50% cut-off criterion.

SUMMARY and DISCUSSION

This study investigated one of the nationwide high-stakes tests (SBS) in Turkey, which is a previous
version of a recent high school entrance exam (TEOG). The high school entrance exam was one of
the most important high-stakes tests in Turkey taken by over one million students. For valid and fair
results, these types of tests must be prepared and applied carefully. To evaluate this exam thoroughly
in terms of DIF and DDF, results were obtained based on 100 replications for each condition with
small sample sizes because single analyses with large sample sizes could give misleading results.
Increase in sample sizes caused an increase in significant DIF rates. Various sample sizes are
included as a condition similar to other DIF studies (Mazor, Clauser, & Hambleton, 1992; Scott et al,
2009; Zwick, 2012). If none of the items is flagged as DIF in small sample sizes, we cannot ensure
that none of the items has DIF. Similarly, if most of the items are flagged as DIF in large sample
sizes, it does not guarantee that those items have DIF. Therefore, to overcome this conflict, we used
moderate sample sizes and reported effect sizes, as used in many studies.

When N =500 and 1,000, none of the items showed DIF more than 50%. Because they were lower
than the cut-off point, we accept that none of the items showed DIF, and therefore, we did not
investigate effect sizes. When N = 2,000, the LR method detected more DIF items than the MH
method because the MH method was not originally proposed for non-uniform DIF detection (Rogers
& Swaminathan, 1993). But, all DIF detections had negligible effect sizes based on the LR, even for
a liberal criterion (Gierl, Khalig, & Boughton, 1999). The MH approach detected three DIF items,
which were more than 50% over the replications. Because some of these DIF detections had
moderate or large effect sizes, items 5, 13, and 17 are candidate for a possible bias investigation.
While items 5 and 17 favored male, item 13 favored female. For reference, these items were
demonstrated in appendices. If the approaches could detect DIF in small sample sizes, it would
strengthen suspicion. Because sample size effects in DIF detection or differences between the
approaches were not the main purpose of this research, we did not confront them.
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While there are several DIF studies on SBS math exam with the MH approach, some of these studies
also investigated item bias. In terms of DIF detection, Kelecioglu, Karabay, and Karabay (2014)
detected one math item with a moderate effect size in the 8" grade SBS exam administered in 2009.
Another study used the same test detected another DIF item with a moderate effect (Arikan, Ugurlu,
& Atar, 2016). Results are not the same due to using different samples. Our dataset was used by
Karakaya (2012), with N = 9,374, two items (2 and 6) had DIF with moderate effect sizes, none of
them had DIF in our results. Another research, which used the same dataset with N = 121,137,
detected items 5 and 7 as DIF with moderate effect sizes (Kan, Siinbiil, & Omiir, 2013). Item 5 had
DIF in our result, but not item 7. These results show that DIF detection can vary for different
samples, and even for the same samples with different sample sizes. Therefore, by using different
sample sizes and the number of replications, DIF information can be enriched.

Up until now, DDF analyses have not been investigated for the SBS exam. Therefore, this study
aimed to carry out additional DDF analyses for the exam. Even though the choice of a distractor does
not affect test scores, DDF analyses can give information about different subgroups (Abedi, Leon, &
Kao, 2007). It is important to examine DIF and DDF together, because a significant interaction
between gender and a choice of distractor was found (Marshall, 1983). It is also crucial that DIF and
DDF analyses can be generally applied for different goals such as refining existing test items,
developing new scales, and validating test score inferences (Zumbo, 2007).

Having said that, in this study DDF was investigated along with DIF to understand whether DDF can
cause DIF in correct responses. Using 14 DIF-free items as anchor items, six items (i.e., 1, 4, 5, 8,
13, and 17) were further examined for DDF. When N = 500, the two approaches did not detect any
DDF. However, when N = 1,000 under the ORA-NRM, the distractor ¢ in item 13 showed DDF.
Increasing the sample size to 2,000, the distractor b in item 1 showed DDF under both ORA-NLM
and ORA-NRM. Again, when N = 2,000, DDF was detected for the distractor ¢ in item 13 and b in
item 17 under the ORA-NRM. Specifically, we could state that the distractor ¢ in item 13 can be a
serious cause for DIF in the correct response because it was detected twice with two sample sizes
under the ORA-NRM. This distractor favors male. The distractor b in item 17 can also be considered
a reason for DIF, which favors female. However, the distractor b in item 1 requires a special
investigation because DIF in this item had a negligible effect size. Therefore, this distractor may or
may not cause DIF because it was detected by both approaches, where the ORA-NLM isolated the
distractor b from the correct response. In summary, based on the findings, we could conclude that
those DIF items detected with DDF need to be revised and evaluated with caution for valid test
inferences. Note that similar to effect size results in DIF analyses, large sample sizes showed DDF
more than small sample sizes.

With high-stakes tests continuing to be a central part of the educational systems, the analyses of DIF
and DDF thus remain important in obtaining measurement invariance for test items across different
subgroups at the same ability level. We further suggest that DIF and DDF analyses of the remaining
parts of the SBS and/or TEOG such as science and social studies should be investigated in order to
obtain valid test results. There is also a limitation of this study that those items detected with DIF
and DDF should be investigated in the context of gender, test bias, and mathematics. A deeper
discussion of why these items exhibit DIF and DDF should be a topic of future studies from the
perspective of mathematics educators.
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GENIS OZET

Girig

Bu arastirma Tiirkiye’de gerceklestirilen genis 6lgekli bir sinavin degisen madde fonksiyonu (DMF)
ve degisen celdirici fonksiyonu (DCF) acisindan incelemeyi amaglamaktadir. Bu amagla 2011 yili
Seviye Belirleme Sinavi (SBS) analize tabi tutulmustur. DMF ve DCF calismalar1 adil smav

imkaninin tiim gruplara esit olarak sunulup sunulmadigimi aragtirmasindan dolayr ¢ok biiyiik bir
onem arz etmektedir.

SBS, Orta Ogretim Kurumlari Ogrenci Segme ve Yerlestirme Smavinin (OKS) yerine getirilen
ilkdgretimden orta dgretime geciste 6grencileri segme amaci tasiyan bir sinavdi. 2013-2014 egitim
ogretim yilinda yerini Temel Egitimden Ortadgretime Gegis (TEOG) smavina birakmistir. Bu
smavlarin her birine yaklagik 1 milyon 6grenci katilmaktadir. Sinava katilan 6grenci sayis1 ve
sinavin amaci sinavin onemini ortaya koymaktadir.

Objektif bir test gelistirmenin en 6nemli asamalarindan biri de kaliteli madde yazimidir. Yazilan
maddeler sinava katilan tiim alt grup bireyler i¢in ayni isleve sahip olmalidir. Bunun iginde soru
yaziminda azami gayret gosterilmelidir. Ancak yine de goz oniinde bulundurulmayan baz1 faktorler
maddeleri alt gruplar igin farkli anlam tasir hale getirebilmektedir. DMF arastirmalari ile maddelerin
farkl1 alt gruptaki esit yetenege sahip bireyler i¢in ayn1 zorluga sahip olup olmadigi
sorgulanmaktadir.

SBS o6rneginde oldugu gibi llkemizde ve diinyanin pek c¢ok yerinde kullanilan genis katilimli
sinavlarda ozellikle objektif degerlendirme olanagindan faydalanmak adina ¢oktan segmeli sorular
kullanilmaktadir. Kolay ve adil degerlendirme ¢oktan seg¢meli testlerde avantaj olarak ele alinirken
madde hazirlamanin zorlugu dezavantaj olarak karsimiza ¢ikmaktadir. Madde icerik ve koklerinde
bulunan kimi hatalar DMF’ye neden olabilmektedir. Coktan se¢gmeli testlerde madde yazimi kaliteli
ve objektif ¢eldirici yazimin1 da gerektirmektedir. Farkli gruplar icin farkli anlam igeren celdirici
secenekler, adil sinav ilkesini ihlal etmekte ve DCF’ye neden olabilmektedir. DCF’ler ise DMF
sebep olabilmektedir.

DCF aragtirmalari DMF arastirmalarina gére sayica daha azdir. Tiirkiye’de gerceklestirilen bir sinav
ile ilgili DCF c¢aligmasi bulunmamaktadir. Aragtirmanin Tiirkiye’de gerceklestirilen bir sinav igin ilk
olmasi ve bu sinavin ismen sona ermis olmasina ragmen bazi yapisal degisikliklerle devam eden
genis katilimli 6nemli bir sinav olmasi arastirmanin 6nemini bir kat daha artirmaktadir.
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Yontem

Aragtirmanin ¢alisma grubunu 2011 SBS’ye giren bir milyondan fazla 6grenciden, matematik
testinin tiim sorularin1 yanitlayan rasgele segilmis 27.952 6grenci olusturmaktadir. B kitap¢igim alan
ogrencilerin yanitlari, A kitapgigindaki siraya gore diizenlenmistir. DMF analizi i¢in veriler cinsiyete
gore 0 ve 1’e donistiirilmiistiir. Analizler cinsiyete gore farklilagsmayi arastirmak iizere
gergeklestirilmistir.

DMF analizi i¢in ¢ok kullanilan yaklagimlardan olan Mantel-Haenzsel (MH; Holland ve Thayer,
1986) ve Lojistik Regresyon (LR; Swaminathan ve Rogers, 1990) teknikleri se¢ilmistir. DMF
analizinde farkli yontemler farkli sonuclar sunabilmektedir. Bu nedenle eksik sonuglar iiretebilecek
tek yonteme bagli kalinmamis ve biri birini destekleyerek eksik yonlerini tamamlamasi beklentisiyle
iki yontem kullanilmistir.

DCF analizleri de iki farkli yontemle gerceklestirilmistir; iki parametreli lojistik i¢-ige logit model
(2PL-NLM) ve nominal yanit modelinin (NRM) altindaki iki olasilik orani yaklasimi (ORAs)
kullanilmigtir. DCF'nin iki tanimi, “¢eldiricilere boliinme™ (Suh ve Bolt, 2011) ¢ergevesinde DCF
olmak iizere kars1 "toplama boliinme" (Thissen ve Steinberg, 1986) ¢ergevesinde DCP olmak iizere
literatiirde sunulmustur (Suh ve Talley, 2015). Bu ¢ergevede DCF, "toplama boliinme" i¢in nominal
yanit modeli (ORA-NRM, Penfield, 2008) ve "¢eldiricilere bsliinme" igin ig-ice gegmis logit modeli
(ORA-NLM; Terzi ve Suh, 2015) olmak iizere parametrik olmayan iki olasilik orani1 yaklagimlari
kullanilarak analiz edildi. Bu parametrik olmayan yaklasimlari se¢gmemizin sebepleri sunlardir:
Birincisi, uygulayicilar ve 6gretmenler, mevcut kullanict dostu yazilim (6rnegin, SPSS, Excel) ile
hesaplamalarini kolayca yapabilirler; bunlar, talep iizerine elde edilebilir; Ikincisi, bu iki yaklagim,
analizlerde dogru segenegi ekleyerek veya izole ederek DMF'nin DCF iizerinde 6nemli bir etkisi
olup olmadigim anlamamiza yardimci olabilir. Ugiincii olarak, bu yaklasimlar parametrik
yaklagimlara kiyasla nispeten daha kii¢iik bir érneklem boyutu gerektirir. Analizlerimizde kolaylik
saglamasi i¢in, dogru cevaplar D segenegi olarak diizenlenmistir; e§er sorunun dogru yamiti D
secenegi ise, dogru yanit olan D se¢eneginin yeri degistirilmemistir.

DMEF analizlerinde etkin olan en 6nemli faktorlerden biri de rneklem biiyiikliigiidiir. Bu veri setinin
tamamen kullanilmas1 DMF gosteren madde sayisinda ¢ok biiyiik bir artigi getirebilecegi goz oniinde
tutularak, 500, 1,000 ve 2,000 bireylik veri setleri {izerinden analiz yapilmasina karar verilmistir. Tek
bir oOrneklem vyerine veri setinden 100 farkli 6rneklem segerek, 100 tekrarla analiz
gerceklestirilmistir. Boylece sonuglarin daha genele hitap etmesi saglanmistir. Tekrarlarin en az
%50’sinde DMF’nin anlamli sonu¢ olarak goriilmesi durumunda madde DMEF’li olarak ele
almmistir. DMF’li olarak goriilen maddeler DCF analizine tabi tutulmustur. Boylece DMF’li
maddelerin kaynaginin DCF olup olmadig arastirilmistir.

DMF analizleri R (R Core Team, 2015) yazilim uygulamasindaki difR (Magis, Beland, Tuerlinckx
ve De Boeck, 2010) paketi aracigiyla gergeklestirilmistir. DCF analizleri ise Ox (Doornik, 2002)
yazilim programinda yazilan kodlarla gerceklestirilmistir.

Bulgular ve Tartisma

Yapilan DMF analizleri sonucu 500 ve 1,000 bireylik 6rneklemlerde MH ve LR analizlerinin her
ikisi de hi¢bir maddede, tekrarlarin en az yarisinda anlamli sonu¢ iiretmemistir. Bu durum, bu
orneklem biiyikliikleri igin DMF’ye rastlanilmadigi yoniinde yorumlanmistir. 2,000 bireylik
orneklem biiyiiliigiinde ise tekrarlarin en az yarisinda, LR ve MH yontemleri 13. ve 17. maddeleri
DMF’li, LR yontemi 1. ve 8. maddeleri, MH yontemi ise 5. maddeyi DMF’li bulmustur. Ancak
tekrarlarin hicbirinde, LR tarafindan DMF’li olarak isaretlenen dort maddenin ihmal edilebilir
diizeyin tstlinde etki biyilikliigiine sahip olmadigr goriilmiistir. MH tarafindan tespit edilen
DMF’lerde ise bazi tekrarlarda orta ve {ist diizey DMF goriilmiistiir.

DCF analizleri ise potansiyel DMF tasiyan yukarida belirtilen bes madde, ve MH ve LR
analizlerinde sinir olan 50’ye ¢ok yakin DMF gosteren 4. madde igin gerceklestirilmistir. Sonuglara
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gore ORA-NLM yontemi 2,000 6rneklem biiyiikliigiinde 1. maddenin C ¢eldiricisinde DCF tespit
etmisti. ORA-NRM yontemi ise 13. maddenin C ¢eldiricisini 1,000 ve 2,000 o6rneklem
biiyiikliiklerinde, ve 1. ve 17. maddelerinin B ¢eldiricisini 2,000 bireylik 6rneklem biiyiikligiinde
DCF’li olarak isarctlemistir.

Yapilan analizler sonucu DMF tespit edilen maddelerin iigiinde DCF tespit edilmistir. Genis katilimli
onemli ve ciddi sinavda 20 maddenin 5’inin analizlerce farkli fonksiyona sahip oldugunun ortaya
konmasi 6nemli bir bulgudur. Test hazirlayan ve uygulayanlarin DMF’ye yol agabilecek stipheli
ifadelerden kacimmmasina dikkat edilmelidir. DMF’nin kaynaklarindan biri olan DCF’nin farkli
fonksiyona sahip maddelere neden olabilecegi goriilmektedir. Sinav uzmanlarimin ¢eldirici
hazirlamada da daha dikkatli olmas1 gerektigi arastirma sonucunda goriilmektedir.

Bu caligsma diger test alanlarinda ve/veya diger genis Olcekli testlerde gerceklestirilebilir. Yanlilik
kaynagi aragtirmasi i¢in uzmanlar esliginde degerlendirmesi gelecek calismalar igin 6nerilmektedir.
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Appendices

1. (- 3) ? sayisi asagidaki sayilardan hangisi
ile carpilirsa sonug¢ 3 olur?

A) 3° B) 3
C) 32 D) (- 3)°

13. Birim kiiplerden olusan
yvandaki yapida, numa-
ralandirilmis kiiplerden
hangisi cikanldiginda
yapinin yluzey alam

dedismez?
A1 B)2 C)3 D)4

7. ~ e e —~\
1.adim 2. adim 3.adim 4. adim
Yukarida verilen érintd, ayni kurala goére
devam ettirildiginde 19. adimdaki ¢cemberin
igine gizilen ¢gokgenin kenar sayisi kagtir?
A) 24 B) 33 C)3o D)42
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