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This study aims to identify the sources of Differential Item Functioning (DIF) using the Mixture Ordinal Logistic
Regression (Mixture OLR) method, a contemporary approach for detecting DIF. To analyze mathematics self-efficacy,
data from a scale comprising 9 items were obtained from 5000 8th-grade students as part of the ABIDE-2016 project.
The study compared the presence and extent of DIF by gender using two methods and examined the sources of DIF for
items displaying DIF with Mixture OLR. The OLR analysis revealed that five items exhibited DIF at level A, but no
DIF was observed with Mixture OLR. Furthermore, it was found that the magnitude of DIF (B) for an item showing
DIF at level A changed due to Mixture OLR. The results indicate that the homogeneity of the data affects both the
number of items displaying DIF and the magnitude of DIF. Three items did not exhibit significant DIF according to
both methods. One significant finding in the study highlights the moderating effect of latent class on item 8, where DIF
was observed. However, the source of DIF was not related to gender but rather stemmed from different ecological
variables. An analysis of latent class characteristics revealed that students with significant DIF effects had lower

ABIDE absenteeism and fewer siblings. Additionally, students in this class had greater access to books at home and participated
Self-efficacy in more out-of-school mathematics courses. Surprisingly, these students were found to engage less in social activities.
Various factors can influence how students respond to test items, potentially leading to DIF. These factors may include
cultural background, gender, social environment, school, teacher, family interest/attitude toward the child, and home
climate. Therefore, when developing and administering tests, it is crucial to test for data homogeneity and consider the
impact of these variables, in addition to gender, to identify any sources of DIF in test items.
ABIDE Matematik Ozyeterlik Ol¢cegi DMF Kaynaklarinmin Gizil Simif
Yaklasimiyla Incelenmesi
Makale Bilgileri 0z
Makale Ge¢misi Bu arastirmanin amaci, Degisen Madde Fonksiyonu (DMF) belirlemede giincel bir yaklagim olan Karma Ordinal Lojistik
Gelis: 11.08.2023 Regresyon (Karma OLR) yontemini kullanarak DMF kaynaklarmm belirlenmesidir. Bu amagla 9 maddeden olusan
Kabul: 20.09.2023 matematik 6zyeterlik 5lgeginden elde edilen veriler kullanilmistir. Arastirma kapsaminda Akademik Becerilerin Izlenmesi
Yayn: 30.09.2023 ve Degerlendirilmesi (ABIDE-2016) projesi kapsamindaki 5000 8.smif dgrencisinden elde edilen veriler kullanilmistir.
Arastirmada cinsiyete gore DMF’nin varlig1 ve biiyiikliigii iki yontem sonuglarm ag¢sinndan karsilastirilmis ve DMF
Anahtar Kelimeler: gosteren maddelerin DMF kaynaklar1 Karma OLR ile incelenmistir. OLR kullanilarak yapilan analizlere gore 5 maddenin
.. .. A diizeyinde DMF gosterdigi sonucuna ulagilmistir. Ayn1 maddeler Karma OLR ile incelendiginde ise maddelerde DMF
Gizil Slmfj _Aljlath goriilmemistir. Bu sonuca ek olarak A diizeyinde DMF gosteren bir maddenin Karma OLR sonucunda DMF biiyiikliigiiniin
Karma Lojistik (B) degistigi goriilmiistiir. Elde edilen sonuglar homojenligin DMF gosteren madde sayist ve DMF’nin biiyiikliigiini
Regresyon etkiledigini gostermektedir. Ug madde de her iki yonteme gore de DMF anlamli ¢tkmamustir. Arastirmada elde edilen diger
Ugtincii Nesil DMF bir 6nemli sonug ise gizil sinifin moderetor etkisinin anlamli ¢iktig1 bir maddede (madde 8) DMF kaynaginin cinsiyetten
ABIDE ziyade farkli ekolojik degiskenlerden kaynaklandigidir. Gizil simf &zellikleri incelendiginde, ozellikle DMF etkisinin
Ozyeterlik anlamli oldugu smiftaki 6grencilerin devamsizlik durumu ve kardes sayilarinin daha diisiik oldugu goriilmiistiir. Bununla

beraber bu sinifta yer alan 6grencilerin evde var olan kitap sayilar: ve matematik i¢in okul harici kurs alma durumlarinin
yiiksek oldugu sonucuna ulasilmistir. Dikkat ¢ekici sonug ise bu 6grencilerin sosyal faaliyetlere daha az katilmalaridir.
Ogrencilerin maddelere verdikleri tepkileri etkileyen bu degiskenler DMF kaynagi olarak yorumlanabilir. Ciinkii maddeye
verilen tepkiler sadece kiiltiir ya da cinsiyet gibi 6zelliklerle iliskili olmayabilir. Bu gibi karakteristik 6zelliklere ek olarak,
madde tipi, sosyal gevre, okul, 6gretmen, ¢ocuga yonelik aile ilgi/tutum durumu ve ev iklimi gibi birgok degiskenden
etkilenebilir. Buradan haraketle 6zellikle test uygulama ve gelistirme siireglerinde veri yapisinin homejenligi test edilmeli
ve DMF’li maddelerin kaynaklar1 incelenirken cinsiyet gibi karakteristik 6zelliklerle beraber madde tepki oriintiistinil
etkileyebilecek degiskenler de dikkate almmalidir.

*This article is derived from part of his doctoral dissertation titled “An analysis of the DIF sources of ABIDE self-efficacy scale by means
of a latent class approach”
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An Analysis of the DIF Sources of ABIDE Mathematics Self-Efficacy Scale by means of a Latent Class
Approach

INTRODUCTION

In Tiirkiye, many educational decisions and training process are based on the results obtained from

national and international exams. In our country, measurement and evaluation studies are carried out
periodically at national and international level. At the international level, exams are implemented within
the scope of projects, such as “Program for International Student Assessment” (PISA), “Trends in
International Mathematics and Science Study” (TIMSS) and “Progress in International Reading Literacy
Study” (PIRLS). Especially as an alternative to the PISA exam, the Monitoring and Evaluation of
Academic Skills (ABIDE) exam is implemented at the national level in Tirkiye (MEB, 2016a; 2016b;
2016¢). Within the scope of the ABIDE project, which has been applied to eighth-grade students since
2016, cognitive characteristics and affective characteristics such as self-efficacy and attitude are
measured in Turkish mathematics, science, and social studies courses. The ABIDE project aims to
determine the extent to which students have cognitive skills in these subject areas and to reveal the
affective, family, and school characteristics that affect their achievement. The accuracy of the decisions
made based on the measurement results of such large-scale exams is closely related to the reliability and
validity of the measurement results obtained through the applications (Yal¢in & Tavsancil, 2015). Indeed,
Cronbach (1984) defined validity as the process of gathering evidence to support inferences that can be
drawn from test scores. The more evidence collected, the more information is obtained about the validity
of the test (Kelecioglu & Sahin, 2014). Therefore, researchers should focus on collecting evidence of
validity in all processes, from the development of a test or scale, the response processes of individuals,
the administration of the test or scale, and the interpretation of scores, and increasing the quality of this
evidence.

One of the factors that may affect validity is that test items show different psychometric properties
among individuals with different cultural, demographic, social, and linguistic background experiences
(Gomez-Benito et al., 2018). This concept, considered bias in the literature, is explained as the situation
in which a test item provides an unfair benefit to one group compared to other groups (Clauser & Mazor,
1998). Item bias is the difference in the probability of answering the item correctly for two groups at the
same ability level due to the characteristics of the test items or test conditions unsuitable for the test
(Zumbo, 1999). The concepts of item effect and Differential Item Functioning (DIF) should also be
mentioned for a better understanding of item bias. If the differences between the probabilities of
answering the item correctly of participants in different groups are real group differences in terms of the
ability intended to be measured by the item, this is defined as an item effect. DIF, on the other hand,
occurs when participants in different groups differ in their probability of answering the item correctly
after matching in terms of the ability intended to be measured by the item (Camilli & Shepard, 1994;
Clauser & Mazor, 1998; Zumbo, 1999). In observed group DIF approaches, many methods are used to
determine whether items show DIF (e.g., Mantel Haenszel, Chi-square, SIBTEST, Logistic regression,
IRT models, etc.). In the literature, DIF techniques can be classified according to whether they are
parametric or not, whether the matching variable is observed or latent, whether the item scores are
dichotomous or multi-categorical, and whether they can detect uniform or non-uniform DIF (Wiberg,
2007).

The above-mentioned manifest group DIF analyses are based on the rather strong assumption that
all members of an observed group (e.g., gender) use the same strategies or problem-solving techniques
and have the same experience with item content. Therefore, in the traditional DIF approach, although the
probability of responding correctly to an item depends on the respondent's ability, all members of an
observed group view the item similarly. An example of this model is that an item that shows DIF for
males is disadvantageous for all males. Samuelsen (2008) found that removing the item displaying DIF
would increase the scores of all men. However, it is crucial to note that observed group variables, such
as gender, may not always represent homogeneous groups, as emphasized by De Ayala at al. (2002).
Furthermore, observed group DIF analyses have limitations, such as weak correlation between gender
and DIF, as noted by Kang & Cohen (2003) and Samuelsen (2005).

Due to the limitations mentioned above of the observed group DIF approaches, latent class DIF
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approaches are frequently used in recent studies on DIF (e.g., Cho at al., 2016; Cohen & Bolt, 2005;
DeMars & Lau, 2011; Frick at al., 2015; Lee Webb et al., 2008; Oliveri et al., 2013; Oliveri at al., 2016;
Samuelsen, 2008; Zumbo et al., 2015). In the latent class approach, individuals are assigned to one of the
latent classes based on their responses. Individuals in each latent class are seen as having similar or
homogeneous response patterns (Mislevy at al., 2002; Oliveri et al., 2013). In contrast to observed group
DIF approaches where all individuals in certain groups, such as gender, are assumed to have
homogeneous response patterns, different proportions of girls or boys can be assigned to a class when
using a latent class DIF approach (Oliveri et al., 2013). Such a heterogeneous data structure implies one
or more latent classes and a different distribution within each latent class. Therefore, this approach
assumes qualitative differences between participants in responding to the test item and that these
differences are due to latent classes rather than observed groups (Samuelsen, 2008). For this reason, it is
important to use latent class regression models, which divide a heterogeneous data set into homogeneous
subgroups (latent class) and make more accurate and unbiased predictions by making a separate
prediction for each group (Kayri, 2006), in DMF-related research.

Another significant advantage of using the latent class DIF approach is that it is helpful to access
the sources of DIF (Lee Webb et al., 2008; Oliveri et al., 2013; Samuelsen, 2008; Zumbo, 2007). Because
the latent class DIF approach focuses on latent class memberships rather than observed groups, covariates
(teacher, student, school, test conditions, etc.) can be included in the model as predictors of latent class
memberships. In this way, more detailed information about why DIF may have occurred can be obtained
(Samuelsen, 2008).

Latent class DIF methods are considered one of the third generation DIF approaches. Accordingly,
“while the first generation DIF approach focused more on the psychometric problems of test bias and
some essential concepts, the second generation DIF approach focused on the prominence of the term DIF,
the multidimensional structure of tests, the development of appropriate statistical tests and the comparison
of their effectiveness” The third generation DIF approach focuses on the multidimensional nature of the
tests and the development of appropriate statistical tests and comparisons of their effectiveness. In other
words, in the third generation DIF approach, DIF is considered as follows; DIF is caused by some
characteristics of the test item and/or the test situation that are unrelated to the relevant ability and,
therefore, not related to the test's purpose. By adding and emphasizing the test situation as a possible
cause of DIF, the perspective on DIF is greatly expanded and goes beyond the test construct (Zumbo et
al., 2015). This approach allows emphasizing sociological, structural, social, and contextual variables, as
well as psychological and cognitive factors that cause individuals' item response patterns to change, as
explanatory sources of item response and thus of DIF (Zumbo & Gelin, 2005).

There are various methods in which DIF sources are investigated using latent class analysis. These
methods are a Mixture of Rasch models based on IRT and Latent Class Logistic Regression models
(Cohen & Bolt, 2005; De Ayala et al., 2002; Rost, 1990; Samuelsen, 2005). Mixture models based on
IRT do not provide an overall test or measure of DIF for each item but only allow some parameters to
vary across two or more classes. In Latent Class LR models, a separate regression model is constructed
for each item, similar to the standard LR method. However, if the data set is not homogeneous, that is, if
more than one latent class is significant, the regression model is tested separately for each category. In
this way, the regression coefficients obtained for an item in different classes can be compared. In addition,
the Mixture LR method provides alternative methods for many different item formats (binary, ordinal,
nominal). If the dependent variable is at the ordinal scale level, the Mixture Ordinal LR (Mixture OLR)
method is used (Vermunt & Magidson, 2005). The mixture LR method includes both the parameters of
observed variables independent of class and the parameters obtained by testing these variables in different
latent classes. Since this method allows the regression model established for an item to be tested in
different latent classes, it can also test the moderating effect of the latent class on DIF. In other words,
the DIF effect may vary across classes. By adding covariates to the class memberships obtained in this
way, DIF sources can be examined in more detail. In these aspects, Mixture LR is a very suitable method
for the third generation DIF approach (Zumbo et al., 2015).
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In this study, whether the items in the self-efficacy scales of the ABIDE exam administered by
Ministry of National Education (MoNE) at the national level show DIF according to gender, and the DIF
sources of the items showing DIF were examined with the Mixed OLR method, which is one of the third
generation DIF approaches. Many variables affect students' item response patterns. For example, most
studies examining DIF by gender have focused on item characteristics such as item content and item
format that may affect students' test performance. However, many variables, such as individual
characteristics, school characteristics, class size, socioeconomic status, teaching practices, and parenting
styles, can also affect students' item responses and few studies (e.g., Zumbo & Gelin, 2005) have
considered these factors. Therefore, this study aims to examine the sources of students' differentiated item
responses on the items in the ABIDE self-efficacy scales in a detailed and holistic manner using the third
generation DIF approach and the ecological model. This study examines whether the items in the
Mathematics Self-Efficacy scale of the 2016 ABIDE exam show DIF according to gender and the sources
of DIF with the latent class DIF approach. In line with this primary purpose, the following questions were
sought to be answered:

1. Are there any items in the 2016 ABIDE Mathematics Self-Efficacy scale that show DIF according
to gender in the analyses conducted with the OLR method?

2016 ABIDE Mathematics Self-Efficacy Scale based on each item:
1.1.Does it contain more than one latent class regarding the measured characteristic?
If there is more than one latent class:

1.1.1. Do the parameter estimates (DIF by gender) made according to the mixture OLR method
differ in latent classes?

1.1.2. Are there any variable or variables (ecological variables such as teacher, school, family,
attitude, interest, etc.) that are significant predictors of latent class membership?

1.1.3. Does the presence and magnitude of DIF vary according to the method used (OLR and
Mixture OLR)?

METHOD

Research Design

Within the scope of the research, whether nine items in the mathematics self-efficacy scale of the
ABIDE test show DIF and the sources of DIF were examined with the Latent Class DIF approach. Since
the relationships between the items in the mathematics self-efficacy scale used in the ABIDE exam will
be examined in this study, the research is of correlational research type. “Correlational studies are studies
in which the relationship between two or more variables is examined without intervening in these
variables in any way” (Blytikoztiirk at al., 2014).

Participants

The population of the ABIDE 2016 study consists of all eighth-grade students in Turkey. The
MOoNE selected the sample through a stratified sampling method among eighth-grade students regardless
of school type. ABIDE 2016 application was realized with the participation of 35000 students selected
among all eighth-grade students. In the study, data belonging to 5000 students randomly selected among
15000 students who took the same booklet in the ABIDE exam were used. In total, 800 students who did
not respond to the tests of the courses of the variables and 40% of the self-efficacy scale, or all of any
scale were excluded from the sample. As a result, 4191 individuals (2100 boys and 2091 girls) were used
in the study. Multiple imputation method was used for missing data imputation. For this purpose, five
different imputations were made and averaged for missing data in continuous and ordinal variables. For
categorical variables, only one imputation was made.

Research Instruments and Processes
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ABIDE mathematics self-efficacy scale and demographic information form were used within the
scope of the research. There are 9 items in the applied form of the ABIDE mathematics self-efficacy
scale. Confirmatory Factor Analysis (CFA) was performed to provide evidence for the validity of the
measurement results obtained from this scale. The items in the scale and the factor loadings related to
these items are given in Table 1.

Tablo 1. ltems in the Mathematics Self-Efficacy Scale and their Factor Loadings

Self-Efficacy Items Factor Loadings
Item 1 I learn mathematic easily. 0.81%*
Item 2 I can solve difficult mathematics questions. 0.84*
Item 3  Studying for a math exam takes a lot of time. 0.20%*
Item 4 Iam better at math than my classmates. 0.82%*
Item 5 Mathematics lesson is no different for me from other lessons. 0.47*
Item 6 My teacher says I am good in Mathematics. 0.84*
Item 7 I ask my teacher about the things I don't understand in the math class. 0.63*
Item 8 I do not worry about failing the mathematics exams 0.55%*
Item 9 My parents want me to get a high grade in Mathematics. 0.35%
Cronbach Alpha (o) 0,80

According to the mathematics self-efficacy scale DFA results, RMSEA value was .064, CFI, NFI,
NNFI, AGFI values were between .90 and .98 and ¥2 / df values were 32.75. The fact that “y2 / df”
ratio is less than 5, RMSEA and SRMR values are lower than .08, whereas CFI, NFI NNFI and AGFI
values are higher than .90 indicate that the model fits the data well (Hu & Bentler, 1999; Tabachnick &
Fidel, 2001). Although the goodness of fit values obtained as a result of the CFA analysis generally show
that the model fits the data well, it is seen that the 2 / sd values are quite high. The findings show that
the model-data fit of the scales is not at a good level. The Cronbach Alpha (a) reliability coefficient was
obtained as 0.80. This value shows that the reliability is at an acceptable level. The variables included in
the demographic information form and included in the model as covariates are given in Table 5 below.

Data Analysis

Within the scope of the research, the Mixture Logistic Regression Method, one of the third
generation DIF approach methods proposed by Zumbo (2007) and Zumbo et al. (2015), was used to
identify the items showing DIF and the sources of DIF. DIF study with a Mixture LR method generally
consists of four steps: In the first stage, traditional LR DIF analysis is performed. In the second stage, the
number of latent classes is determined. After the number of latent classes is determined, DIF analysis is
completed simultaneously and separately for each latent class using the Mixture LR method. If the
moderating DIF effect of the latent class is significant, the significance of the coefficients obtained
separately in each class is examined at this stage.

Within the scope of the research, the magnitude of the DIF obtained at the level of latent classes is
calculated by making model comparisons in the class or classes where the DIF is effective. If the
magnitude of the DIF was negligible (A), the third and fourth steps of the analysis did not proceed. While
determining the number of latent classes, likelihood ratio (L2) test, AIC (Akaike Information Criterion),
BIC (Bayesian Information Criterion), Npar (number of parameters), Classification Error (Class.Err.) and
Explained variance (R2) values were taken into consideration. A detailed explanation of these indices is
given in the theoretical framework. Although theoretical structure, interpretability, and simplicity are
essential in model selection, in this study, the acceptance of the HO hypothesis established by the
likelihood ratio (L2) test, small values of BIC, AIC, classification error, and number of parameters, and
high explained variance (R2) were considered as model selection criteria.
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Figure 1. Identification of latent class predictors by ecological variables (Zumbo et al., 2015)

The 3rd and 4th stages are shaped according to the other stages. If the latent class has a moderating
effect, then determining the variables predicting the latent class memberships will also provide
information about the sources of DIF (Zumbo, 2007; Zumbo et al., 2015). Ordinal Logistic Regression
(OLR) and Mixture Ordinal Logistic Regression Analysis (Mixture OLR) were used since the items in
the mathematics self-efficacy scale used in the study were in a five-point Likert structure. In the fourth
stage of the analysis, only one of the variables with a correlation value above 0.80 was included in the
model since the significant variables were formed together. In addition, the interaction effect of the
variables added to the model together in the fourth stage were also considered. Within the scope of the
research, the analyses were conducted in the Latent Gold 5.0 program. A significance level of 0.05 was
considered for all statistical tests.

Ethic

This article was found ethically appropriate with the decision number E 33941 of the scientific
research and publication ethics committee of Gazi University of Applied Sciences on 04.03.2020.

RESULTS

In this section, the findings obtained in line with the aims of the study are presented. In this context,
the items in the mathematics self-efficacy scale were analyzed separately. Standard OLR analysis was
conducted in the first stage, and Mixture OLR analysis was conducted in the second stage. For the items
where more than one latent class was significant, and the DIF magnitudes obtained were at the B and C
level, the third and fourth stages of the analysis were started, and the DIF sources in the related items
were examined. However, DIF sources were not examined for items with a negligible DIF effect in the
latent classes, and this effect did not differ between the classes. In addition, in models where more than
one latent class was not significant, the third and fourth stages of the analysis were not carried out. In this
section, the findings of the analysis of the items in the ABIDE mathematics self-efficacy scale are
presented. In this context, the findings of the 8th item, for which the 3rd and 4th stages of the Mixture
OLR analysis can be applied, are presented as an example. Analyzes of other items are not presented here
because they contain too many tables. The descriptive statistics of item 8 and the findings of the OLR
analysis are given in Table 2.

Table 2. Descriptive statistics and ordinal logistic regression DMF analysis for item 8

Descriptive Statistics Logistic Regression DIF

- DIF
Item Gender X (SS) Variables /] Wald P Level
I do not worry Female 299 (1.51)  Total 0.10  732.58 .000*
about failing math ~ Male 3.30(1.43)  Gender -0.41 7.74 .005* A
exams Total 3.15(1.47)  Total*Gender 0.01 1.63 .200
*p<.05
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As is seen in Table 2, when the general average scores obtained from item 8 are considered, it is

X X
seen that male students scored hicher than female students ( girl=2.99;  boy=3.30), and the general

average score of the group was X 3.15. Considering the OLR results, it is seen that while total score
(B=0.10; Wald=732.58; p<.05) and gender (p=-0.41; Wald=7.74; p<.05) are significant on the scores
given to item 8, the interaction effect of total*gender (f=0.01; Wald=1.63; p>.05) is not significant. The
findings show that the uniform DIF is significant in the one-class model. Considering the B value
estimated for gender, it is seen that DIF favors men. In the model comparisons, it is seen that the DIF
level is A. In the second stage of the analysis, it was tested whether the responses to item 8 contained
more than one latent class, in other words, whether the regression model based on item 8 was suitable for
a single-class structure. The findings obtained are given in Table 3.

Table 3. Results of latent class models for item 8

Model LL BIC(LL) AIC(LL) Npar L’ df p Class.Err. R’
1st Grade -543422  10926.83  10882.45 7.00 1294.86 285.00 .000* 0.00 0.44
2nd Grade  -5154.26  10433.63  10338.52 15.00 73493  277.00 .000* 0.25 0.48
3rd Grade  -5072.55 1033693 10191.10 23.00 571.51  269.00 .000* 0.28 0.74
4th Grade  -5044.82 1034820 10151.64 31.00 516.05 261.00 .000* 0.31 0.93
*p<.05

As is seen in Table 3, the lowest BIC value is obtained for the three-class model (BIC=10336.93).
It is seen that the BIC value and classification error increase after the three-class model. The findings
indicated that the responses to item § are not homogeneous and contain three different latent classes. The
regression coefficients estimated for the three-class model are given in Table 4.

Table 4. Results for DIF and moderator DIF (mixture OLR) effect for the three-class model

Predictors Gn;del VA Gn;de2 Z Gn;de.? Z Wald D Wald(=) D

Total 0.56 12.43 0.14 8.71 0.07 2.32 306.57 .000* 70.73  .000*
Gender -0.82  -1.34 -384 -488 -0.87 -1.04 29.78 .000* 10.58  .005*
Total*Gender 0.00 0.21 0.10 4.53 0.03 0.86 2251 .000* 9.73  .008*

*p<.05

As is seen in Table 4, the total score effect (Wald=306.57; p<.05), gender effect (Wald=29.78;
p<0.05), and interaction effect (Wald=22.51; p<.05) on item 8 in the three-class model were significant.
In other words, both uniform DIF and non-uniform DIF were significant. Similar results were obtained
in the Wald(=) test which was conducted to determine whether the coefficients obtained separately for
each class differed between the classes. The regression coefficients obtained for the three grades differed
significantly across grades for total score (Wald(=)=70.73; p<.05), gender (Wald(=)=10.58; p<.05) and
total*gender (Wald(=)=9.73; p<.05). The findings showed that for item 8 in the mathematics self-efficacy
scale, the DIF effect by gender in the single-class model and the moderating DIF effect of latent class is
significant. In addition to these findings, the Z test was reported to determine whether the regression
coefficients (B) estimated for each grade were significant only in the relevant grades. According to the
findings, the interaction effect of gender (f=-3.84; Z<-1.96) and total*gender (=0.10; Z>1.96) was
significant only in 2nd grade. These effects were not significant in other grades. However, the p values
obtained for the total*gender effect (Bgrade1=0.00; Bgrade2=0.10; Bgrade3=0.03) are very close to zero,
indicating that the effects are not significant. In other words, it can be said that the non-uniform DIF effect
can be neglected. Based on these findings, it is seen that the DIF effect by gender is not effective in the
whole group but only in the 2nd grade, and there is a DIF effect in favor of males. It was concluded that
the magnitude of the DIF obtained in the model comparisons made only for class 2 was at the level of B
(DIF magnitude). At this stage, the third and fourth stages of the analysis will be started. The latent class
characteristics will be described by determining the covariates influential on the three-class latent
structure, especially in the 2nd grade. In this way, the variables that cause the change in the response
patterns of male and female students towards item §, in other words, the variables that drive and do not
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cause DIF, will be determined. At this stage, explanatory variables were first added to the model one by
one and separately to determine the variables that were effective on the students' response patterns,
especially in class 2. The findings obtained are given in Table 5.

Table 5. Covariates added separately to the model in the mixed OLR DIF analysis for item 8

Variable Types  Explanatory Variables Gradel Grade2 Grade3 Wald P
Number of siblings 0 -0.19 0.06 16.40 .000*
Father's education level 0 0.21 0.07 27.21 .000*
Family-related  Mother's education level 0 0.16 0.01 15.77 .000*
variables Monthly income 0 0.09 0.00 3.18 .200
Family interest level 0 0.02 -0.05 7.48 .024*
Family bullying level 0 -0.01 -0.03 1.15 .560
Abide Math Achievement Score 0 0.01 0.00 106.29 .000*
Variables Level of participation in social
related to S et 0 0.25 022 2992 000*
activities
Personal Level of participation in guidance
Characteristics .., . PorctP gu 0 -0.10 -0.01 5.28 071
.. activities
- Individual . .
. Mathematics Enjoyment level 0 0.05 -0.05 24.38 .000*
Differences . .
Value given to Mathematics 0 0.08 0.00 16.51 .000*
Absenteeism 0 -0.35 0.01 30.14 .000*
Computer use for studying at school 0 -0.24 -0.24 37.66 .000*
Not
- 0 0.00 0.00
ianﬁgzlla:‘:‘Sse Participated 0.15 930
i
Participated 0 0.03 -0.03
Time spent_ doing homework 0 0.10 0.00 511 078
School. teacher (Mathematics)
Ch00%L TEACAEE, 4 ttitude towards school 0 0.00 0.01 1.56 460
and classroom .
. School bullying 0 -0.02 -0.02 7.85 .020*
variables . .
Mathematics Classroom climate 0 0.03 0.04 4.17 120
Mathematics Teacher perception 0 0.01 0.00 5.40 .067
Mathematics Never 0 0.00 0.00
Frequency 1-2 times a week 0 -0.55 -0.75
of 34 dab 30.51 .000*
homework times and above a 0 0.09 042
. week
assignments
Number of books at home 0 0.27 0.14 39.15 .000*
Computer use for studying at home 0 0.03 -0.19 11.15 .004*
Variables Out-of-school Not Participated 0 0.00 0.00
related to out- study 0-5 Months 0 -0.05 -0.23 18.07 .001*
of-school (Mathematics) 6-10 Months 0 0.35 -0.41
ducational N 0 0.00 0.00
educa 1on.a. Compute.r o 6.75 034*
opportunities ownership status Yes 0 0.00 -0.34
N 0 0.00 0.00
Room ° 7.06 029*
availability Yes 0 0,31 -0,03
*p<.05

As is seen in Table 5, in the Mixture OLR analysis, covariates were added individually and
separately to determine the variables affecting the classes. The variables selected as the source of DIF in
the model where Grade 1 was taken as the reference group are given below. Accordingly, the number of
siblings (Wald=16.40; p<.05), father's education level (Wald=27.21; p<.05), and mother's education level
(Wald=15.77; p<.05) variables were found to be adequate on latent class memberships. Among the
variables related to personal characteristics and individual differences, the level of participation in social
activities (Wald=29.92; p<.05) was significant on latent class membership. Among the variables related
to school, teacher, and class, absenteeism (Wald=30,14; p<.05) was significant on latent class
membership. Among the variables about out-of-school educational opportunities, the number of books at
home (Wald=39.15; p<.05), participation in out-of-school math studies (Wald=18.07; p<.05) and having
a personal room at home (Wald=7.06; p<.05) were significant on latent class memberships. In the last

stage of the analysis, these variables, which were significant when included in the model separately and
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individually and could be interpreted as a source of DIF, were included in the model together. In the last
stage, the variables included in the model were significant and interpreted as explanatory variables of the
moderating DIF effect of the latent class, in other words, as the source of DIF. The findings obtained are
given in Table 6.

Table 6. Covariates added together in the mixture OLR DIF analysis for item 8

Variable Types Explanatory Variables Gradel  Grade?2 Grade3 Wald D
Family-relat

amily related Number of siblings 0 -013 008 934 .009*
variables
Variables related to
Personal Level of cticipati .
Characteristics - eve’ o) participation i 0 025 022 29.54 000*

.. social activities

Individual
Differences
School, teacher, and e eiom 0 -027 003 18.86 000*
classroom variables
Variables related to Out-of-school 0 0 0
out-of-school study 0 -0.12 -0.21 10.90 .028%*
educational (Mathematics) 0 0.16 -0.43
opportunities Number of books at home 0 0.21 0.17 25.22 .000*
*p<.05

As is seen in Table 6, the variables that were included in the model together in the fourth stage of
the analysis and were significant at the 0.05 level and were interpreted as the source of DIF were the
number of siblings (Wald=9.34; p<0.05), level of participation in social activities (Wald=29.54; p<0.05),
absenteeism (Wald=18.86; p<0.05), participation in out-of-school math studies (Wald=10.90; p<0.05)
and number of books in the house (Wald=25.22; p<0.05). The findings show that the latent class's
moderating effect affects the students' response patterns to item 8. Five of the 25 variables in the model
established to determine the variables that affect the latent class membership play an essential role in
changing this response. The five variables that play an important role in the differentiation of male and
female students' responses to Item 8 are family-related variables such as the number of siblings, individual
differences such as the level of participation in students' social activities, school, teacher, and classroom-
related variables such as absenteeism, out-of-school educational opportunities such as participation in
out-of-school math tutoring and the number of books in the house.
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Figure 2. Characteristics of latent class 2 in the context of variables interpreted as DIF sources

Figure 2 shows the characteristics of the classes according to the five variables considered DIF
sources. Accordingly, when the number of siblings, one of the variables considered as a source of DIF
for item 8, is considered, participants in class 2 generally have fewer siblings compared to other classes.
Similarly, students in class 2 participate less in social activities and are less absent. While the number of
books in their homes is higher than in other classes, these students participate more in out-of-school math
studies. It can be said that these variables, which are interpreted as sources of DIF, play an essential role
in the differentiation of the responses of male and female students in class 2 to item 8.

Considering the analysis results for other items, the DIF effect according to gender is not significant
in items 1, 2, and 6 with both OLR and Mixture OLR methods. Based on the research findings, in items
3,4,5,7,and 9, which showed DIF at level A according to the OLR method, it was seen that the DIF
effect was not significant based on classes after the Mixture OLR analysis, or even if it was significant
on classes, the coefficients obtained for these items did not differ significantly between classes.

DISCUSSION, CONCLUSION, RECOMMENDATIONS

This study aimed to examine whether the items in the Mathematics Self-Efficacy scale of the 2016
ABIDE exam show DIF according to gender and the sources of DIF with the latent class DIF approach.
The findings of the study indicated that the DIF effect in items 1, 2, and 6 of the mathematics self-efficacy
scale according to gender was not significant in both the OLR and the Mixture OLR methods. On the
other hand, it was concluded that in items 3, 4, 5, 7, and 9, which showed DIF at level A according to the
OLR method, after the Mixture OLR analysis, the DIF effect was not significant based on classes or even
if it was significant based on classes, the coefficients obtained for these items did not differ significantly
between classes. In addition to this result, in item 8, it was concluded that the DIF effect obtained at level
A, according to the OLR method, showed DIF at level B when the Mixture OLR method was used.

The results suggest that the number of items with DIF and the effect of DIF change when the
examined group is divided into homogeneous classes. These results show the impact of homogeneity on
DIF. In the literature, it is seen that Chen and Jiao (2014) stated that observed group DIF approaches
assume that the observed groups (gender, race, etc.) are homogeneous, which is difficult in practice.
Similarly, Samuelsen (2008) emphasized that in the observed group DIF approach, it is assumed that the
groups are quite homogeneous within themselves, but the observed groups are mostly not composed of
homogeneous structures. Oliveri at al. (2016) compared latent classes and observed group DIF
approaches and concluded that the number of items with DIF and the size of DIF changed when the group
was divided into homogeneous subclasses. Similarly, Yal¢in (2017) examined the effect of latent classes
formed according to students' affective characteristics on the item function differentiated by gender.
These results suggest that homogeneity is an important factor in DIF analyses and that the real effect and

power of DIF may not be revealed in DIF studies conducted in non-homogeneous groups.
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To exemplify, item 8 was expressed as "I do not worry about failing the mathematics exam." When
the responses to this item were analyzed using the OLR method, DIF was obtained at level A and in favor
of males. When the moderating DIF effect of the latent class was examined, a latent structure with three
classes was accepted, and a B-level DIF was obtained in favor of males in class 2. When the scores
obtained from item 8 and the overall scale were analyzed, it was seen that class 2 constituted
approximately 26% of the research group and that this class had high self-efficacy levels. In contrast, they
scored quite low on item 8. It was concluded that five of the 25 variables added to the model as covariates
to determine the characteristics of class 2, where the DIF effect was significant and that differed from the
other classes where the DIF effect was not significant, were significant. According to these results, while
the number of siblings, participation in social activities, and absenteeism of students in Class 2 were low,
the number of books in their homes and their participation in private math tutoring outside of school were
higher than the other classes.

When the findings of the latent class analysis conducted for each item are examined, it was
discussed in detail whether the students' response patterns changed across classes. In this way, how the
DIF effect changes according to gender in homogeneous subgroups and the sources of this change were
determined. In other words, it was aimed to examine the sources of DIF. Cohen and Bolt (2005)
emphasized that observed group DIF approaches can examine the existence of DIF, but they are not ideal
methods for determining the sources of DIF. Similarly, Finch and Hernandez-Finch (2013) stated that a
potential disadvantage of the observed group DIF approach is that the source of DIF is largely, if not
entirely, based on the observed groups. In other words, a researcher examining DIF by gender assumes
that DIF is based only on gender and thus does not consider other potential sources. However, the source
of DIF may not be directly related to gender. Zumbo et al. (2015) stated, “the latent class DIF approach
is one of the third generation DIF approaches” For example, gender should be considered a social
construct in the third generation DIF approach, and “gender differences in item performance are explained
by contextual or situational variables (ecological variables), such as institutionalized gender roles, class
size, socio-economic status, teaching practices, and parental styles” (p. ibid). The item response pattern
is examined in detail in the third generation DIF approach, and an ecological model is constructed. In
other words, third generation DIF studies determine the ecology of item response by incorporating many
variables such as family, in-school and out-of-school factors, social differences, teacher and classroom
effects, and psychological and cognitive factors (Zumbo & Gelin, 2005).

The results for item 8 suggest that the DIF effect for this item according to gender was significant
in mathematics self-efficacy scale. The DIF obtained for this item is in favor of males. In the models
established with the Mixture OLR method for item 8, in the classes where DIF was significant, students
generally scored high on the overall scales regardless of whether they were male or female. In contrast,
they scored low on item 8. When the characteristics of the classes in which DIF was significant were
examined, it was seen that the individuals in the classes in which DIF was significant had high self-
efficacy scores for mathematics and low absenteeism. In addition, it was observed that the individuals in
these classes had a better level of taking private lessons or courses related to this course than other classes.
However, these students participate less in social activities. From this point of view, when we examined
the class characteristics, it can be said that the variable that increases the level of anxiety about the exams
of the participants in these classes, who are at a reasonable level according to self-efficacy and other
characteristics, is their lack of socialization. The statement, "I do not worry about failing the math exam",
evokes the expression of anxiety rather than self-efficacy. Nemiah (1975, as cited in Unal-Karagiiven,
1999) defined anxiety as anticipating a bad event in the future with fear. In addition, in many anxiety
scales examined in the literature, it was observed that items similar to the expression of item 8 were
frequently found (Bindak, 2005; Oztop, 2018).

Furthermore, the results regarding item 8 suggest that the test anxiety of the participants in the class
where DIF is significant is higher than in the other classes. When gender was considered, it was concluded
that female students were more anxious than male students in mathematics exams; in other words, they
were more anxious. De Wit at al. (2010) stated in their meta-analysis study that physical and social
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activities effectively reduce anxiety levels in individuals. When the studies on social anxiety were
analyzed, it was seen that gender was an influential variable in social anxiety. In general, it was stated
that social anxiety levels were higher in women than in men (Ariciogullari, 2001; Erdzkan, 2007; Ummet,
2007). Therefore, it can be said that social relations and activities might affect girls at a higher level. In
addition to these results, although there is no consistency in the literature, some studies have reported that
girls have higher math and science anxiety levels than boys (Akgiin & Aydin, 2007; Kaya & Varol, 2004).
Based on all these results, it can be said that female students in the class where DIF is significant have
lower levels of participation in social activities compared to girls in other classes, and this situation

increases their anxiety and worry levels for exams more than boys.

Based on the findings of the research, the following recommendations are presented. First, observed
group DIF approaches are practical approaches for determining DIF. However, they may give biased
results in cases where the examined group is not homogeneous. For this reason, examining the group's
homogeneity when conducting DIF studies is recommended. Second, individuals' reactions to an item
may be affected by many ecological variables such as family, teacher, school, social environment, in-
school and out-of-school educational opportunities, and characteristic features such as gender. For this
reason, it is suggested that third generation DIF approaches such as Mixture LR should be used in DIF
studies to examine the sources of DIF that cause changes in individuals' responses in a multidimensional
way. Third, according to the research results, students should emphasize social activities and studying,
being interested in, valuing, and caring about school, class, and teachers. For this reason, it is
recommended that students should be guided more by their families, teachers, and school administrations
to participate in in-school and out-of-school social activities. Fourth, in this study, data from a 5-point
Likert scale of self-efficacy were used. However, the items can be in different formats. New studies can
be conducted with the Mixture LR method to determine the sources of DIF, especially in dichotomously
scored tests. Last, in the study, real data belonging to the actual application of self-efficacy scales applied
in ABIDE 2016 were used. In new studies, simulation studies can be conducted by considering different
situations, such as multidimensionality, latent class, and overlap percentages of observed groups, to
determine the power and effectiveness of the Mixed OLR method.
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GENISLETILMIiS OZET

Giris: Bu calismada, ABIDE smavi kapsaminda uygulanan Matematik dzyeterlik dlceginde yer alan 9
maddelerin cinsiyete géore DMF gdsterip gostermedigi ve DMF kaynaklar1 Karma OLR ydntemi ile incelenmistir.
Ogrencilerin, bir maddeye verdikleri tepkileri etkileyen bircok faktor mevcuttur. Ornegin DMF ile ilgili calismalarin
¢ogunda maddede gosterilen performans farkliliklar1 cinsiyet ve kiltlir gibi karakteristik 0Ozelliklere gore
karsilastirllmis ve ogrencilerin performansini etkileyebilecek madde igerigi ve formati gibi madde ozellikleri
iizerinde durulmustur. Ancak 6grencinin madde tepki driintiisiinii etkileyebilecek farkli bir¢ok degisken mevcutttur.
Ornegin dgrencilerin sosyo-ekonomik durumu, kisisel dzellikleri, okul ve sinif dzellikleri, ebeveyn tutumlari ve
tarzlar1 ve farkli 6gretim uygulamalar1 gibi faktorler de maddeye verilen tepkileri etkileyebilmektedir (Zumbo &
Gelin, 2005). Bu arastirmada &grencilerin madde tepki oriintiilerini etkileyebilecek bu tiir degiskenler dikkate
almarak ABIDE Matematik 6zeyeterlik 6lgegine verdikleri tepkiler iigiincii nesil DMF yaklagimlarindan olan Karma
OLR yodntemiyle biitiinciil ve detayli bir sekilde incelenmistir. DMF’nin varlig1 ya da yoklugundan ziyade DMF
kaynaklarina odaklanilmasi bu arastirmanin énemli yoniinii ortaya koymaktadir.

Bu ¢alismanin amaci, 2016 yili ABIDE sinavi Matematik Ozyeterlik dlgeginde yer alan maddelerin cinsiyete
gore DMF gosterip gostermediginin ve DMF kaynaklarinin gizil sinif DMF yaklasimiyla incelenmesidir. Bu temel
ama¢ dogrultusunda asagidaki sorulara cevap aranmistir;

1.2016 ABIDE Matematik Ozyeterlik 6lgeginde OLR ydntemi ile yapilan analizlerde cinsiyete gére DMF gdsteren
maddeler var midir?

2016 ABIDE Matematik Ozyeterlik dlgegini cevaplayan katilimcilar her bir madde bazinda;
1.1. Olgiilen 6zellik agisindan birden fazla gizil simf igermekte midir?
Eger birden fazla gizil sinif varsa;

I.1.1. Karma OLR yontemine gore yapilan parametre kestirimleri (cinsiyete gore DMF) gizil siniflarda
farklilagmakta midir?

1.1.2. Gizil sinif tiyelikleri iizerinde anlaml1 yordayici olan degisken ya da degiskenler (6gretmen, okul, aile, tutum,
ilgi vb. ekolojik degiskenler) var midir?

1.1.3. DMF’nin varlig1 ve bilyiikliigii kullanilan yonteme (OLR ve Karma OLR) gore degismekte midir?

Yontem: Bu arastirmada 6grencilerin madde tepki oOriintiilerini etkileyen degiskenler ele alinacagi igin
korelasyonel aragtirma tiiriine gore tasarlanmistir. ABIDE 2016 uygulamasinda toplamda 35000 sekizinci smif
ogrencisi yer almigtir. Arastirmada ayni kitapgigi alan 15000 6grenci icinden seckisiz olarak segilen toplam 5000
Ogrenciye ait veri kullanilmistir. Arastirma kapsaminda DMF gosteren maddelerin ve DMF kaynaklarinin
belirlenmesi i¢in Zumbo (2007) ve Zumbo vd. (2015) tarafindan oOnerilen iigiincli nesil DMF yaklasimi
yontemlerinden Karma Lojistik Regresyon Yontemi kullanilmistir. Bu yontem genel olarak dort basamaktan
olugmaktadir; ilk asamada klasik LR analizi yapilmaktadir. Ikinci asamada madde tepkilerine ait gizil smif sayis1
belirlenir ve her bir sinif i¢in ayni anda DMF analizi yapilir. Bu asamalar 3. ve 4. asamaya temel olusturur. Eger
gizil siifin moderatdr etkisi anlamli ise bu durumda gizil sinif iiyeliklerini etkileyen degiskenler tespit edililir. Bu
durumda gizil siniflarda anlamli olan degiskenler ayn1 zamanda DMF’nin kaynaklar1 hakkinda bilgi verecektir
(Zumbo, 2007; Zumbo vd., 2015).

Bulgular: OLR kullanilarak yapilan analizlere gére 5 maddenin A diizeyinde DMF gosterdigi sonucuna
ulagilmigtir. Ayn1 maddeler Karma OLR ile incelendiginde ise maddelerde DMF goriilmemistir. Bu sonuca ek
olarak A diizeyinde DMF gosteren bir maddenin Karma OLR sonucunda DMF biiyiikligiiniin (B) degistigi
gorilmiistiir. Elde edilen sonuglar homojenligin DMF gdsteren madde sayist ve DMF ’nin biiyiikligiini etkiledigini
gostermektedir. U¢ madde de her iki yonteme gére de DMF anlamli ¢tkmamistir. Arastirmada elde edilen diger bir
onemli sonug ise gizil sinifin moderetdr etkisinin anlamli ¢iktig1 bir maddede (madde 8) DMF kaynaginin
cinsiyetten ziyade farkli ekolojik degiskenlerden kaynaklandigidir. Gizil siif 6zellikleri incelendiginde, 6zellikle
DMF etkisinin anlamli oldugu siniftaki 6grencilerin devamsizlik durumu ve kardes sayilarinin daha diisiik oldugu
gorilmiistiir. Bununla beraber bu siifta yer alan 6grencilerin evde var olan kitap sayilar1 ve matematik i¢in okul
harici kurs alma durumlarinin yiiksek oldugu sonucuna ulagilmistir. Dikkat ¢ekici sonug ise bu 6grencilerin sosyal
faaliyetlere daha az katilmalaridir. Ogrencilerin maddelere verdikleri tepkileri etkileyen bu degiskenler DMF
kaynagi olarak yorumlanmigtir.
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iizerindeki etkisini gostermektedir. Nitekim madde tepki Oriintiilerine gore olusturulan homojen gizil siiflarda
DMF’li madde sayisi ve DMF biiyiikliikleri degismistir. Genel olarak yapilan arastirmalarda gozlenenen gruplarin
homojen oldugu varsayilmaktadir (cinsiyet vb.) ancak pratikte bu durum zordur (Chen ve Jiao, 2014). AIBDE
Matemetik 6zyeterlik 6l¢ceginde yer alan Madde 8 igin yapilan analizlerde gizil sinifin moderator etkisi anlamli
¢ikmis ve farkli siniflarda DMF biiyiikliigii degismistir. Bu madde i¢in Karma OLR yodntemi ile kurulan modellerde,
DMF’nin anlamli oldugu siniflarda genel olarak 6grenciler kiz ve erkek farketmeden 6lgeklerin genelinden yiiksek
puan almigken madde 8’den diisiik puan almislardir. Madde 8°in igerigi incelendiginde “Matematik sinavinda
basarisiz olacagim diye endiselenmem” seklinde ifade edildigi goriilmektedir. Bu ifade hem olumsuz yargi igermesi
hem de oOzyeterlikten ziyade kaygiyr c¢agristirmasi agisindan sorunlu goriilmektedir. Gizil sinif ozellikleri
incelendiginde DMF’nin anlamli oldugu gizil sinifdaki 6grencilerin 6zyeterlik genel diizeyleri yiiksektir. Yine bu
ogrencilerin devamsizlik durumlar diger siniftaki 6grencilere gore diisiiktiir ve bu 6grenciler matematik dersiyle
ilgili 6zel ders ya da kurs alma durumlarinin diger siiflara gore daha iyi diizeyde oldugu goriilmiistiir. Dikkat ¢ekici
sonug ise bu gizil siniftaki 6grencilerin sosyal faaliyetlere diger siniflara gére daha az katilmalaridir. Bu sonuglar,
DMF’nin anlamli oldugu gizil siifta yer alan kiz 6grencilerin diger siiftaki kiz 6grencilere gore sosyal faaliyetlere
daha az katildigini gostermektedir. Benzer durum erkekler i¢in de gegerlidir ancak kiz 6grencilerin bu maddeden
daha diisiik puan almasi basarisiz olma endiselerinin daha yiiksek oldugunu gostermektedir. Bu durum sosyal
faaliyetlere daha az katilmanin kizlar1 daha ok etkiledigini ve bunun siav kaygilar1 ve endiseleri iizerinde etkili
olabilecegini gostermektedir.

Arastirma bulgularindan hareketle asagidaki dneriler sunulmustur;

Alan yazinda siklikla kullanilan Gozlenen grup DMF yontemleri her ne kadar DMF belirlemede etkili
yontemler olsa da 6zellikle incelenen gruplarin homojen olmadigi durumlarda yanli sonuglara neden olabilmektedir.
Buradan haraketle DMF ile ilgili ¢aligmalarda mutlaka gruplarin homojenligi dikkate alinmalidir.

DMF ¢alismalarinda siklikla dikkate alinan cinsiyet gibi karakteristik 6zellikler her durumda DMF kaynag1
olarak yorumlanmamalidir. Ogrencilerin madde tepki &riintiileri okul, sosyal gevre, dgretim olanaklari, aile
tutumlart gibi birgok farkli degiskenden etkilenebilmektedir. Bu nedenle DMF c¢aligmalarinda Karma LR gibi
iiclincii nesil DMF yaklagiminlarinin kullanilarak bireylerin tepkilerinde degisime neden olan DMF kaynaklarinin
¢ok yonlii olarak incelenmesi 6nerilmektedir.



