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Are Differentially Functioning Mathematics Items Reason of

Low Achievement of Turkish Students in PISA 2015?*
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Abstract

In PISA 2015 the average mathematics score of Turkey decreased dramatically. One of the reasons could be
the psychometric properties of mathematics items of PISA 2015. Therefore, it is necessary to evaluate PISA
mathematics items for language DIF. In the study, three different DIF detection methods were used: logistic
regression (LR), Mantel-Haenszel (MH) and structural equation modeling (SEM). Eleven items were found to
have DIF when Turkish and English speaking students were compared. The effect sizes of mathematics
performance differences between Turkish and English speaking students before and after excluding DIF items
did not change which indicated that DIF items did not cause Turkish students to perform lower than expected.
All the DIF items were open response format in which answers were rated by experts and computers. The DIF
items favoring Turkish students were mainly related to the basic cognitive process.

Key Words: PISA 2015, Mathematics Performance, DIF, Turkish Student, Low Achievement

INTRODUCTION

The Programme for International Student Assessment (PISA) aims to provide internationally
comparable data for 15-year-old students’ performance based on reading, mathematics and science.
PISA is administered every 3 year which makes possible to monitor progress of educational systems.
The results of PISA get great attention by educators, researchers and policy makers as PISA provides
detailed information about more than 70 countries. PISA 2015 application had great coverage in
which 35 OECD countries and 37 partner countries participated to the assessment. PISA has many
additional important features that make it unique and different from other assessments. For instance,
PISA links student performance results data with student level variables like students’ background
and attitudes towards learning and with school level variables like school characteristics. PISA aims
to measure students’ capacity to apply knowledge and skills in key subjects which is defined as
“literacy”. (OECD, 2016a).

Turkey, a member of OECD, participates PISA regularly since 2003. Turkey’s performances on
mathematics were below the average score of 500; 423 in PISA 2003, 424 in PISA 2006, 445 in
PISA 2009, 448 in PISA 2012, and 420 in PISA 2015. Similarly the average science scores of
Turkey were 434 in PISA 2003, 424 in PISA 2006, 454 in PISA 2009, 463 in PISA 2012, and 425 in
PISA 2015; the average reading scores of Turkey were 441 in PISA 2003, 447 in PISA 2006, 464 in
PISA 2009, 475 in PISA 2012, and 428 in PISA 2015 (MEB, 2015; MEB, 2016). Through PISA
2012, Turkey had an increasing trend in the scores, however, in PISA 2015 the average scores
decreased dramatically. The reasons of this very low score on PISA 2015 are necessary to be
investigated.

There might be several reasons of the low scores of Turkish students in PISA 2015. There might be a
problem in psychometric properties of items that were used in the PISA 2015 assessment; there
might be a problem in the comparability of the samples over years; the change in test administration
method (computer based administration instead of paper and pencil test) might cause lower scores. It
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is also possible that the low scores might be as a result of the change in the curriculum, educational
practices or country level educational policies in Turkey. This study focused on the psychometric
properties of the PISA 2015 mathematics items as a source of low scores of Turkish students.

Comeparative assessments should be fair to all groups of students. Psychometric properties of these
assessments should be controlled to prevent any unintended bias. PISA is mainly developed in
English first and then adapted to other languages including Turkish (OECD, 2017). Therefore, it is
necessary to evaluate whether PISA mathematics items functioned differently for Turkish and
English speaking students who answered adapted items and original items, respectively. Finding
evidence for fairness of items in terms of psychometric properties could help us to eliminate one of
the possible reasons of sharp decrease of Turkish students’ mathematics performance in 2015.

Differential item functioning (DIF) detection methods are widely used to evaluate the fairness and
equality of tests on item level in investigating the comparability of translated and/or adapted
measures (Zumbo, 2007). DIF occurs and threatens the comparability of scores if students with the
similar ability level on the underlying construct in different groups do not have the similar
probability of getting the right answers for a specific item (van de Vijver & Leung, 1997; Zumbo,
2007). Evaluating items in terms of DIF is a necessary preliminary analysis before conducting any
comparative study. Otherwise, if a test contains items having DIF, observed differences in scores
could be related to the problematic items rather than true differences on the underlying trait or ability
(He & van de Vijver, 2013). If an item is detected as having DIF statistically, the context of the item
should be examined by experts to evaluate whether the item indeed biased against one group
systematically (van de Vijver & Leung, 1997). However, judgmental expert evaluation alone might
not be always successful to detect why DIF occurs. For example, Angoff (1993) reported that even
item writers often had problems to understand why some perfectly reasonable items showed large
amounts of DIF. Some scholars investigated whether student background variables could be
potential explanations of sources of DIF (Joldersma & Bowen, 2010; Liu et al., 2016; Zumbo &
Gelin, 2007).

PISA items are prepared very carefully under the guidance of the experts by international team of
item developers. Translatability reviews are conducted considering translation, adaptation and
cultural issues (OECD, 2017). However, many researchers reported that PISA mathematics items
contained DIF (Demir & Kose, 2014; Kankaras & Moors, 2014; Lyons-Thomas, Sandilands, &
Ercikan, 2014; Yildirim & Berberoglu, 2009). Yildirim and Berberoglu (2009) reported that 5 out of
21 mathematics items in PISA 2003 were flagged as having DIF in the comparison of Turkish and
American students (3 of these items favored Turkish students). Lyons-Thomas et al. (2014) found
that there were gender DIF in PISA 2009 mathematics items of students in Canada, Finland,
Shanghai, and Turkey. Demir and Kose (2014) identified many DIF items in PISA 2009
mathematics assessment when they compare answers of Turkish students with German, Finish and
American students. Therefore, there is a possibility that PISA 2015 mathematics items might contain
DIF items that could cause a decline in Turkish students’ mathematics scores. There is not any study
that investigated whether PISA 2015 items contained DIF across Turkish and English speaking
students.

Purpose of the Study

Having DIF items for a language group is a threat to comparability of test scores. In this study, PISA
2015 mathematics items were analyzed in terms of DIF for Turkish, English and American students.
The main idea is that whether the low mathematics scores of Turkish students could be due to DIF
items against Turkish students. Therefore, in order to test this claim, DIF analyses using answers of
Turkish and English student, as well as Turkish and American students were conducted separately.
The research questions of this study were

(1) Are there any items having DIF in PISA 2015 mathematics test in comparing Turkish and
English students?
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(2) Are there any items having DIF in PISA 2015 mathematics test in comparing Turkish and
American students?

(3) Are there any changes in the effect sizes of mathematics performance differences among
groups before and after excluding DIF items, if any?

METHOD

Participants

The data of this study were obtained from the PISA 2015 data set. In PISA, the target population is
all 15-year-old students of participating countries. PISA has rotated booklet design in which each
student answers linked portion of all items. Therefore, ability level of each student could be
estimated from all items without requiring a student to answer all items (OECD, 2016b). This study
used the data of all Turkish, English and American students who answered mathematics items in
booklets 43, 45, and 47. These three booklets were selected because they included all the items and
there were no overlap of items. The participants were 491 Turkish students, 1154 English students
and 448 American students.

Instrument

In PISA 2015, a total of 69 mathematics items were used to collect information about students’
mathematics performance and a student responded approximately 23 mathematics items. PISA aims
to measure mathematical literacy level of students defined as the capacity of students to apply
acquired knowledge and skills to different problems and challenges they encounter. The
mathematical processes measured in PISA are formulate (formulating situations mathematically),
employ (employing mathematical concepts, facts, procedures and reasoning), and interpret
(interpreting, applying and evaluating mathematical outcomes) (OECD, 2016b). These mathematical
processes have a hierarchical order in which interpret represents the highest cognitive process. In
Table 1, Table 2 and Table 3, item number, item code, item label, item format, cognitive processes
measured by each item and item-level percentage correct values for Turkish, English and American
students in booklet 43, 45 and 47 were reported.

Data Analysis

In the study, three different DIF detection methods were used. These DIF detection methods were
logistic regression (LR), Mantel-Haenszel (MH) and structural equation modeling (SEM). As each
DIF method is based on different statistical procedures, and studies reported that there might be low
to medium coherence among DIF detection methods (Atalay, Gok, Kelecioglu & Arsan, 2012), more
than one method was used. In order to get more consistent findings, an item that showed DIF in at
least two different methods was considered to contain DIF across language groups. Sixty-nine
mathematics items were evaluated in terms of DIF for Turkish-English and Turkish-American
students groups.

In the logistic regression method, as the first step, only total score (model 1), then total score and
grouping variable (model 2), and finally total score, grouping variable and their interaction (model 3)
were used as predictors. Significance of country and their interaction, and the change in R? value
were taken as evidence for uniform bias and non-uniform bias, respectively (Zumbo, 1999). Zumbo
and Thomas (1997) proposed that AR? (the difference between model 3 and model 1) higher than
0.130 indicates moderate DIF and higher than 0.260 indicates large DIF. Jodoin and Gierl (2001)
proposed lower values to detect DIF; AR? higher than 0.035 indicates moderate DIF and higher than
0.070 indicates large DIF. In this study the criteria of Jodoin and Gierl was used to detect DIF items
as it requires lower values which allows to detect more items. Therefore, the possibility to omit an
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item that might have bias will be minimized. SPSS 22.0 programs were used to conduct logistic
regression analysis.

Table 1. Item Descriptions for Booklet 43

Item No  Item Code Item Label Item Cognitive Turkish English ~ American
Format Domain p value p value p value
B43 1 CMO033Q01S A View Room-Q01 SMC interpret .56 74 75
B43 2 CM474Q01S Running Time-Q01 SMC employ 44 .63 .64
B43 3 DM155Q02C Population Pyramids-Q02 OR interpret 22 57 43
B43 4 CM155Q01S Population Pyramids-Q01 CMC employ 46 .66 .63
B43 5 DM155Q03C Population Pyramids-Q03 OR employ .07 A3 14
B43 6 CM155Q04S Population Pyramids-Q04 CMC interpret .32 .54 43
B43_7 CM411Q01S Diving-Q01 OR employ .25 .52 43
B43 8 CM411Q02S Diving-Q02 SMC interpret .29 48 51
B43 9 CMB803Q01S Labels-Q01 OR formulate .10 .28 .20
B43_10 CM442Q02S Braille-Q02 CMC interpret 14 .20 .25
B43 11 DM462Q01C Third Side-Q01 OR employ A3 .01 .03
B43_12 CMO034Q01S Bricks-Q01 OR formulate 17 .32 .23
B43_13 CM305Q01S Map-Q01 SMC employ 31 .39 42
B43_14 CM496Q01S Cash Withdrawal-Q01 CMC formulate .23 A7 A1
B43 15 CM496Q02S Cash Withdrawal-Q02 OR employ A7 .68 .59
B43 16 CM423Q01S Tossing Coins-Q01 SMC interpret a7 .84 71
B43 17 DM406Q01C Running Tracks-Q01 OR employ .09 .24 .07
B43 18 DM406Q02C Running Tracks-Q02 OR formulate .01 .08 .04
B43_19 CM603Q01S Number Check-Q01 CMC employ .23 .32 31
B43_20 CM571Q01S Stop The Car-Q01 SMC interpret .22 .39 .34
B43_21 CM564Q01S Chair Lift-Q01 SMC formulate .39 .37 41
B43_22 CM564Q02S Chair Lift-Q02 SMC formulate .33 42 .35
Note: CMC: Complex Multiple Choice; OR: Open Response; SMC: Simple Multiple Choice
Table 2. Item Descriptions for Booklet 45
ltemNo Item Code Item Label Item Cognitive Turkish  English ~ American
Format Domain p value p value p value
B45 1 CM447Q01S Tile Arrangement-Q01 SMC employ .52 .55 .53
B45 2 CM273Q01S Pipelines-Q01 CMC employ 37 37 .32
B45_3 CM408Q01S Lotteries-Q01 CMC interpret .29 40 .34
B45 4 CM420Q01S Transport-Q01 CMC interpret .30 54 51
B45 5 CM446Q01S Thermometer Cricket-Q01 OR formulate .65 .68 .67
B45 6 DM446Q02C Thermometer Cricket-Q02 OR formulate .02 .08 .05
B45 7 CM559Q01S Telephone Rates-Q01 SMC interpret .54 .59 .49
B45 8 DM828Q02C Carbon Dioxide-Q02 OR employ .52 .66 .57
B45 9 CM828Q03S Carbon Dioxide-Q03 OR employ .24 .29 27
B45_10 CM464Q01S Fence-Q01 OR formulate .20 19 .15
B45_11 CM800Q01S Computer Game-Q01 SMC employ .88 .86 .78
B45_12 CM982Q01S Employment Data-Q01 OR employ 71 .84 .81
B45_ 13 CM982Q02S Employment Data-Q02 OR employ A4 40 .35
B45_14 CM982Q03S Employment Data-Q03 CMC interpret .57 .63 .64
B45 15 CM982Q04S Employment Data-Q04 SMC formulate 31 49 .37
B45 16 CM992Q01S Spacers-Q01 OR formulate 48 .70 .68
B45_ 17 CM992Q02S Spacers-Q02 OR formulate .06 A1 10
B45_18 DM992Q03C Spacers-Q03 OR formulate .05 .03 .05
B45 19 CM915Q01S Carbon Tax-Q01 SMC employ 31 49 .39
B45_20 CM915Q02S Carbon Tax-Q02 OR employ .54 .66 .61
B45 21 CM906Q01S Crazy Ants-Q01 SMC employ .35 .61 A7
B45_22 DM906Q02C Crazy Ants-Q02 OR employ 18 .39 31
B45_23 DMO00KQO02C Wheelchair Basketball-Q02 OR formulate .02 .09 .05

Note: CMC: Complex Multiple Choice; OR: Open Response; SMC: Simple Multiple Choice
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Table 3. Item Descriptions for Booklet 47

Item No  Item Code Item Label Item Cognitive Turkish ~ English ~ American
Format Domain p value p value p value
B47_1 CM909Q01S Speeding Fines-Q01 OR interpret A48 .90 .84
B47_2 CM909Q02S Speeding Fines-Q02 SMC employ .20 46 51
B47_3 CM909Q03S Speeding Fines-Q03 OR interpret .06 .24 .26
B47_4 CM949Q01S Roof Truss Design-Q01 CMC employ .38 .67 .60
B47 5 CM949Q02S Roof Truss Design-Q02 CMC employ .20 .33 .26
B47_6 DM949Q03C Roof Truss Design-Q03 OR formulate 18 .24 .30
B47_7 CMO00GQO1S Advertising Column-Q01 OR formulate .05 .06 .03
B47_8 DM955Q01C Migration-Q01 OR interpret 41 .79 .68
B47_9 DM955Q02C Migration-Q02 OR interpret .34 .30 21
B47_10 CM955Q03S Migration-Q03 OR employ .01 .08 .05
B47_11 DM998Q02C Bike Rental-Q02 OR interpret .52 a7 .84
B47_12 CM998Q04S Bike Rental-Q04 CMC employ .28 .30 .28
B47_13 CM905Q01S Tennis balls-Q01 CMC interpret .50 .70 72
B47_14 DM905Q02C Tennis balls-Q02 OR interpret .20 41 31
B47_15 CM919Q01S Fan Merchandise-Q01 OR employ .69 .83 .75
B47_16 CM919Q02S Fan Merchandise-Q02 OR formulate 21 .39 .40
B47_17 CM954Q01S Medicine doses-Q01 OR employ .36 .64 .70
B47_18 DM954Q02C Medicine doses-Q02 OR employ A3 .35 .33
B47_19 CM954Q04S Medicine doses-Q04 OR employ .01 .29 21
B47 20 CM943Q01S Arches-Q01 SMC formulate 37 .45 47
B47_21  CM943Q02S Arches-Q02 OR formulate .00 .02 .01
B47_22 DM953Q02C Flu test-Q02 OR interpret A1 .33 31
B47_23 CM953Q03S Flu test-Q03 OR formulate 12 47 .38
B47_24 DM953Q04C Flu test-Q04 OR formulate .00 A1 .07

Note: CMC: Complex Multiple Choice; OR: Open Response; SMC: Simple Multiple Choice

The Mantel-Haenszel DIF detection method is based on building of K two-by-two contingency
tables, where K represents the number of discrete score categories that are used to match the
comparison groups. For each matched score level, the expected and observed ratios are compared by
chi-square method (Holland & Thayer, 1986). Then The MH D-DIF index is calculated using these
comparisons with logarithmic transformations in which a negative value indicates the item favors
reference group over the focal group (Holland & Thayer, 1988). Educational Testing Service (ETS)
proposed a criterion to flag DIF items: The MH D-DIF index between 1 and 1.5 indicates moderate
DIF and The MH D-DIF index higher than 1.5 indicated large DIF (Zieky, 1993). DIFAS 5.0
program was used for MH DIF detection analysis (Penfield, 2005).

In the SEM procedure, a Confirmatory Factor Analysis (unifactorial, with all items as indicators of
the latent variable) is conducted to assess configural, metric and scalar invariance. The difference
between incremental types of model fit is evaluated as the factor loadings and intercepts are forced to
be equal for comparison groups (van de Vijver, 2017). If the difference in comparative fit index
(CFI) and Tucker Lewis index (TLI) between configural, metric and the scalar invariance model is
larger than 0.010, the modification indices are investigated to identify DIF items (Cheung and
Rensvold, 2002). Mplus 7.4 program was used for SEM DIF detection procedure (Muthen &
Muthen, 2015).

After detecting DIF items, the effect sizes of mathematics performance differences among student
groups before and after excluding DIF items were calculated. The change in effect sizes was
investigated. Effect size allows researchers to compare the difference between groups without being
affected from sample size (Field, 2013). For comparing means of two groups, Cohen’s d is
frequently used as an indicator of effect size. Cohen’s d is calculated as the difference between the
group means divided by the pooled standard deviation. Cohens’ d value around 0.2 is considered as a
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small, around 0.5 represents a moderate and around 0.8 is considered as large effect size (Cohen,
1988).

RESULTS
Preliminary Analysis
Reliability Analysis of the Instrument

Cronbach’s alpha reliability coefficients of the PISA 2015 mathematics tests for booklets 43, 45 and
47 were calculated as 0.78, 0.79, 0.76 for Turkish students, 0.81, 0.84, 0.85 for English students, and
0.80, 0.86, 0.86 for American students, respectively. These values indicated good internal
consistency (Cicchetti, 1994).

DIF Results

In this section, results based on LR, MH and SEM DIF detection methods were presented. Overall
results were compared at the end of this section.

Logistic Regression DIF Results

DIF results using LR method was presented in Table 4. In comparing answers of Turkish and
English student, 10 out of 69 items (B43_11, B45 10, B45_ 13, B45_18, B47_1, B47_6, B47_7,
B47 8, B47_9 and B47_19) were flagged as having DIF. When answers of Turkish and American
student were compared, 14 out of 69 items (B43_11, B43_15, B43 16, B45_10, B45_11, B45_13,
B45 18, B47_1,B47_6, B47_7,B47_9, B47_11, B47_14 and B47_19) were flagged as having DIF.

Table 4. Logistic Regression DIF Results

Booklet 43 Booklet 45 Booklet 47
Item No TR-ENG TR-USA TR-ENG TR-USA TR-ENG TR-USA

AR2 AR2 AR2 AR2 AR2 AR2
1 .012 .027 .014 .016 .089** .064*
2 .024 .012 .014 .020 .001 .015
3 .033 .012 .008 .006 .000 .009
4 .008 .019 .014 .028 .003 .000
5 .002 .006 .011 .014 .013 .017
6 .007 .000 .003 .006 .046* .039*
7 .004 .004 .003 .018 .047* .057*
8 .010 .029 .005 .008 .041* .031
9 .004 .003 .016 .014 107** .194**
10 .017 .001 .052* .059* .009 .016
11 .299** 147** .030 .094** .005 .043*
12 .001 .006 .005 .014 .006 .010
13 .005 .002 .038* .053* .000 .004
14 .003 .018 .005 .002 .014 .048*
15 .003 .036* .002 .002 .011 .033
16 .011 .045* .013 .033 .009 .004
17 .012 .031 .009 .006 .000 .025
18 .011 .029 .118** 121** .001 .004
19 .003 .005 .003 .000 .039* .056*
20 .010 .015 .018 .012 .005 .003
21 .021 .009 .015 .006 .001 .001
22 .008 .012 .013 .013 .005 .000
23 - - .013 .009 .019 .014
24 - - - - 014 022

Note: * indicates the item shows moderate level of DIF; ** indicates the item shows large level of D
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Mantel-Haenszel DIF Results

DIF results using MH method was presented in Table 5. In comparing answers of Turkish and
English student, 10 out of 69 items (B43_11, B45 10, B45_13, B45_18, B47_1, B47_6, B47_7,
B47 9, B47_10 and B47_19) were flagged as having DIF. When answers of Turkish and American
student were compared, 10 out of 69 items (B43_11, B45 10, B45 13, B45 18, B47 1, B47 7,
B47_9, B47_11, B47_14 and B47_19) were flagged as having DIF.

Table 5. Mantel-Haenszel DIF Results

Booklet 43 Booklet 45 Booklet 47
Item No TR-ENG TR-USA TR-ENG TR-USA TR-ENG TR-USA

AMH AMH AMH AMH AMH AMH
1 -.215 -.566 444 .306 -1.634** -1.445*
2 -.212 -.390 .579 .630 -.166 -.648
3 -.969 -.504 .068 312 -.2486 -.519
4 .168 -.072 -.551 -.951 -.0888 -.010
5 124 -.263 .605 .198 .634 .539
6 -.306 -.041 -.642 -.573 1.495* 441
7 -.386 -.151 142 481 1.196* 1.850**
8 -.186 -.516 -.130 .074 -.945 -.403
9 -.561 -.124 .594 273 2.260** 2.241**
10 .947 .102 1.843** 1.611** -1.057* NA
11 3.910%* 2.732%* .812 1.107* -.297 -1.106*
12 -.030 .341 -.355 -.611 .095 .162
13 .109 -.213 -1.078* -1.131* -.036 -.212
14 -.262 -.275 310 -.049 755 1.564**
15 149 .259 -.181 162 .468 .980
16 .168 1.040 -.593 -.893 433 .219
17 -.306 .878 .591 .259 .108 -.617
18 -.802 -.616 3.385** NA -.095 .207
19 204 .018 -.215 -.160 -3.060** -1.820**
20 -.132 -.184 -.024 .006 .318 .099
21 .678 .306 -.681 -.201 NA NA
22 112 .339 -.540 -.450 -.263 -.068
23 ] - - 751 -071 -.923 -421
24 _ - - - NA NA

Note: * indicates the item shows moderate level of DIF; ** indicates the item shows high level of DIF; NA indicates
calculation problem due to low correct response ratio

SEM DIF Results

SEM DIF results were presented in Table 6. In comparing answers of Turkish and English student, 4
out of 69 items (B45_2, B45 10, B45_13 and B45_18) were flagged as having DIF. When answers
of Turkish and American student were compared, 2 out of 69 items (B45 13 and B47_9) were
flagged as having DIF.
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Table 6. SEM DIF Results

Booklet Model ledf RMSEA CFI ACFI TLI ATLI DIF ITEMS
43 TR-UK Configural 1.192** .027 971 .967 None
Metric 1.222%* .029 .966 .005 962  .005
Scalar 1.232%* .029 .963 .003 .961 -.001
43 TR-USA Configural 1.140* .030 .962 .958 None
Metric 1.159* .032 .957 .005 .952 .006
Scalar 1.162* .032 .954 .003 951  .001
45 TR-UK Configural 1.221** .028 .967 .963
Metric 1.220** .028 .967 .000 .964 -.001
Scalar 1.342%** .035 .946 .021 943 021 2,10,13,18
Scalar-1tems 1.309*** .033 .957 .010 .954 .010
Removed
45 TR-USA Configural 1.159* .032 .960 .957 13
Metric 1.158* .032 .961 -.001 .957  .000
Scalar 1.199** .036 .948 .013 945 012
Scalar-Items 1.180** .034 .957 .004 .954  .003
Removed
47 TR-UK Configural 1.558*** .045 .940 .934 None
Metric 1.539%*** .044 .939 .001 936  -.002
Scalar 1.635*** .048 .929 .010 .925 .011
Scalar-Items 1.621%** .048 .930 .009 926 .010
Removed
47 TR-USA Configural 1.511*** .057 901 .891 9
Metric 1.549%** .059 .889 .013 .883  .008
Scalar 1.577%** .061 .883 .006 .877  .006
Scalar-ltems 1.531*** .058 .893 -.004 .887 -.004
Removed

*p < .05. **p < .01, ***p < .00L.

Overview of DIF Results

Since each DIF detection method is based on different calculations, an item flagged by at least two
method was considered as containing DIF (Table 7). In comparing answers of Turkish and English
student, 9 out of 69 items (B43_11, B45_10, B45_13, B45_18, B47_1, B47_6, B47_7, B47_9 and
B47_19) were flagged as having DIF by at least two methods. It is necessary to report which items
favored Turkish students and which items favored English students. Among these 9 items, 6 of them
favored Turkish students (B43 11, B45 10, B45 18, B47 6, B47_7, B47_9) whereas 3 of them
favored English students (B45_13, B47_1, B47_19).

When answers of Turkish and American student were compared, 10 out of 69 items (B43_11,
B45 10, B45_ 11, B45 13, B47_1, B47_7, B47_9, B47_11, B47_14 and B47_19) were flagged as
having DIF by at least two methods. Among these 10 items, 5 of them favored Turkish students
(B43_11, B45_10, B47_7, B47_9, B47_14) whereas 4 of them favored American students (B45_13,
B47_1, B47_11, B47_19). LR results suggested that item B45_11 had non-uniform DIF. The related
graphical percentages were given in Appendix A and B. The flagged items were generally consistent
across Turkish-English and Turkish-American student comparisons. Items B43_11, B45_10, B47_7
and B47_9 favored Turkish students whereas items B45_13, B47_1, B47_19 favored English
speaking students.
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Table 7. Overall DIF Results

Booklet LR MH SEM Items Commonly Flagged

43 TR-UK 11 11 - 11™R

43 TR-USA 11, 15, 16 11 - 118

45 TR-UK 10, 13, 18 10, 13, 18 2,10,13,18 10™ 13YK 18™8

45 TR-USA 10, 11, 13, 18 10, 11, 13 13 10™ 117, 13YSA

47 TR-UK 1,6,7,8,9 19 1,6,7,09, 10,19 - 1K g™R 7TR gTR 1gUK

47 TR-USA 1,6,7,9, 11,14, 19 1,7,9,11, 14, 19 9 1USA 7TR TR 1qUSA  14TR
19USA

Note: TR: items favoring Turkish students; UK: items favoring English students; USA: items favoring American students;
* non-uniform DIF

Table 8 showed item formats and cognitive domains measured by the DIF items. All the DIF items
were open response format in which students constructed the answers and then the answers were
rated. Also, among 7 items that favored Turkish students 4 of them were related to formulate
cognitive process which is the lowest cognitive process in PISA mathematics assessment. There was
no formulate items that favored English or American students.

Table 8. Item Characteristics of DIF Items

Item No Favoring Item Label Item Format Cognitive Domain
B43_11 Turkish Third Side - Q01 OR Employ
B45_10 Turkish Fence - Q01 OR Formulate
B45 18 Turkish Spacers - Q03 OR Formulate
B47_6 Turkish Roof Truss Design - Q03 OR Formulate
B47_7 Turkish Advertising Column - Q01 OR Formulate
B47_9 Turkish Migration - Q02 OR Interpret
B47_14 Turkish Tennis balls - Q02 OR Interpret
B45_13 English&American Employment Data - Q02 OR employ
B47_1 English&American Speeding Fines - Q01 OR interpret
B47_11 American Bike Rental - Q02 OR interpret
B47_19 English&American Medicine doses - Q04 OR employ

Note: CMC: Complex Multiple Choice; OR: Open Response; SMC: Simple Multiple Choice

Effects of DIF Items on Mathematics Performance Differences

There were mathematics performance differences between Turkish students and English speaking
students. Effect size, the standardized mean-difference, allows us to compare the difference between
groups without being affected from sample size (Field, 2013). In this part, the original effect sizes
and the effect sizes excluding DIF items were reported (Table 9). Between Turkish and English
students, there were .51 to .93 effect size differences originally in these booklets. According to
Cohen (1988), these values represent moderate to large difference between students. When all DIF
items were excluded, effect sizes did not change. Similarly, between Turkish and American students,
the original effect sizes were calculated as .28 to .85. According to Cohen (1988), these values
represent small to large difference between students. When all DIF items were excluded, effect sizes
were very close. The evaluation of the effect size change implied that DIF items generally balanced
out each other and did not create any disadvantageous results for Turkish students.
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Table 9. Effect Size Change

Booklet 43 TR-UK 43 TR-USA 45 TR-UK 45 TR-USA 47 TR-UK 47 TR-USA
Effect Size 74 .53 51 .28 .93 .85

All Items

Effect Size .78 .57 51 .29 .94 .84
Excluding all DIF Items

Effect Size 78 Item11 57 Item11 54 Item10 30 Item10 86 Iteml 80 Iteml
Excluding a DIF Item

Effect Size 48 Item13 30 Item11 96 Item6 86 Item7
Excluding a DIF Item

Effect Size 53 Item18 24 Item13 94 Item7 93 Item9
Excluding a DIF Item

Effect Size .99 'tem? .80 'emtt
Excluding a DIF Item

Effect Size .97 tem1s .8g fremi4
Excluding a DIF Item

Effect Size .83 tem1s

Excluding a DIF Item

Note: Item numbers given in the table represents the eliminated items.

DISCUSSION

This study has a great importance as it aimed to shed a light on possible causes of low mathematics
scores of Turkish students in PISA 2015. Through PISA 2012, Turkey had an increasing trend in
their mathematics scores, however, in PISA 2015 the average mathematics score decreased
dramatically. In the study, whether the low performance of Turkish students could be due to
differentially functioning items was investigated. As PISA is mainly developed in English first and
then adapted to other languages including Turkish, evaluating whether PISA mathematics items
functioned differently for Turkish and English speaking students was the main focus of the study. In
comparing responses of Turkish and English students, 9 items (out of 69) were detected as having
DIF. Similarly, 10 items were found to have DIF when Turkish and American students were
compared. The surprising finding was that among these DIF items, more items favored Turkish
students than they favored English or American students. The standardized mathematics
performance differences (measured by effect-size) between Turkish and English speaking students
before and after excluding DIF items did not change. Therefore, it is concluded that DIF items did
not cause Turkish students to perform lower. Therefore, there is no evidence that PISA items created
a disadvantage for Turkish students. Therefore, among possible reasons of low achievement of
Turkish students, a problem due to the psychometric properties of PISA items was eliminated. There
is still a further need to investigate and focus on other possible reasons of low achievement of 15-
year-old Turkish students by conducting new comparative studies.

The possible reasons of these lower scores in PISA 2015 could be the problem of comparability of
the Turkish samples over years; the effects of change in test administration method (computer based
administration instead of paper and pencil test); the change in the curriculum, educational practices
or country level educational policies. One of the reasons of the decrease in the PISA scores could be
the selected sample of Turkey. The sampling procedure and coverage rates were reported in PISA
technical reports. The coverage rates are important as they give clues about the representativeness of
the population. Turkey’s coverage rates in PISA were increased over years. The coverage rates were
36% in 2003, 47% in 2006, 57% in 2009, 68% in 2012 and 70% in 2015. Spaull (2017) studied
coverage rates and sample of Turkey and he concluded that there was a large change in the
proportions of Turkish students that were not sampled in PISA, therefore the validity of the
comparisons of the results could have some problems. There is a need to conduct further studies on
these sampling issue of Turkey. The other reason could be the change in the administration method
of PISA. There was a shift from paper-and-pencil tests in PISA 2012 to computer-based tests (CBT)
in 2015. There is a debate over effect of CBT on test results (Jerrim, 2016; Jerrim, Micklewright,
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Heine, Salzer, & McKeown, 2018; Komatsu & Rappleye, 2017). Investigating possible effects of
CBT on Turkish students’ scores would be an informative study about the decrease in scores.
Another reason of the decrease in the scores could be related to curriculum change and educational
policies. Students who took PISA 2015 in Turkey were mainly 9" or 10" graders. In Turkey, there
are frequent changes in curriculum and educational policies in all level of educational system. For
instance, in 2012, when students who join the PISA 2015 administration were in 6" or 7 grade, the
K-12 education system in Turkey has undergone some major changes and students were allowed to
continue their high school in the form of distant education (Giin & Baskan, 2014). The effects of
these curriculum and system changes on PISA scores are worth to investigate. The last but not the
least, the congruence between educational practices in Turkey and cognitive skills measured in PISA
might create a low score for Turkish students. As PISA aims to measure students’ capacity to apply
knowledge and skills that are related to be successful in modern societies (OECD, 2016a), acquiring
curriculum related knowledge might not be enough to be successful in PISA. However, in TIMSS
2015, another large scale assessment that focus more on curriculum, Turkish students increased their
scores in both mathematics and science (Yildirim et al., 2016). A study focuses on the increase of
scores on the curriculum focused large scale assessment but the decrease of scores on capacity
focused large scale assessment of Turkish students would be informative.

This study found DIF items in mathematics assessment, however the DIF items did not lead Turkish
students to perform lower in PISA 2015. The DIF flagged items were generally consistent across
Turkish-English and Turkish-American student comparisons. Among 9 items that were flagged as
DIF in Turkish and English student comparison, 7 of them were also flagged in Turkish-American
comparison. As these items were not released, it was not possible to evaluate the content of items to
speculate why these items contained DIF consistently across different comparison groups. There is a
need to identify possible sources of DIF, hopefully after items are released. The results of the study
were consistent with the other researchers who found DIF items in PISA (Demir & Kose, 2014;
Kankaras & Moors, 2014; Lyons-Thomas, Sandilands, & Ercikan, 2014; Yildirim & Berberoglu,
2009).

Although mathematics items were not released, there was an information about item format and
cognitive processes measured by each item. There were relationship between DIF items and their
format and cognitive processes. First of all, all the DIF items were open response items in which
students’ answers were rated by experts or computers (OECD, 2017). Among 69 items, 18 open
response items were coded by experts and 22 open response items were coded by computers.
Multiple coding design was used to monitor coder reliabilities within and across countries. The
open-ended coding system was used to simplify the coding process. National Project Managers of
each country were expected to investigate the systematic pattern of irregularities. For OECD
countries, the median within-country agreement of raters was 97.5% and the median across-country
agreement of raters was 97.9% in mathematics. For Turkey, within-country agreement of raters was
97.7% and across-country agreement of raters was 93.9% which was the second lowest (OECD,
2017). As all DIF items were open response items, and across-country agreement of Turkey was
lower than OECD countries, it would be informative to know whether the coding could cause an
advantage or disadvantage for Turkish students. Another issue is that the DIF items favoring Turkish
students were mainly related to formulate cognitive process. Formulate cognitive process is defined
as formulating situations mathematically which is the lowest cognitive process in PISA. In Turkish
educational system there are problems that teachers do not give adequate emphasis to develop higher
cognitive processes. Turkish students generally encounter with items that are related to basic skills as
comprehension rather than higher order thinking skills as problem solving (Arikan, van de Vijver &
Yagmur, 2016; Doganay & Bal, 2010; Temur, 2012). Therefore, Turkish students’ high familiarity
of basic cognitive skills could cause more formulate items to be detected as having DIF.

In the study three different DIF identification methods were applied. Logistic regression and Mantel-
Haenszel DIF methods gave similar results compared to structural equation modeling DIF method.
Structural equation modeling DIF results were more conservative in detecting items as DIF
compared to the two other methods. Although logistic regression and Mantel-Haenszel methods
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produced similar results, logistic regression method detected more items as having DIF compared to
Mantel-Haenszel method. Except one item in booklet 47 (TR-UK comparison), all items flagged by
Mantel-Haenszel were also flagged by logistic regression method in all booklets for all comparisons.
Therefore, in this study, it was observed that logistic regression method flagged more items as
having DIF. On the other hand, structural equation modeling DIF method flagged items having DIF
very rarely compared to other two methods. Atalay et al. (2012) compared logistic regression and
Mantel-Haenszel methods in their simulation study and concluded that Mantel-Haenszel method was
more sensitive in detecting DIF items. On contrary to this study, Gok, Kelecioglu and Dogan (2010)
found more gender and school type DIF using Mantel-Haenszel method compared to logistic
regression method in high school entrance examination items of Turkey. These findings indicate that
different conditions and different methods could lead to different results in detecting DIF. Therefore,
using more than one DIF detection methods is also advised according to results of this study and
current literature.

Limitations

There are limitations to mention about the study. The major limitation is that since the items were
not released, it was not possible to identify sources of DIF by investigating the content. Identifying
possible causes could give information to item developers to decrease the number of DIF items.
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PISA 2015°de Tiirk Ogrencilerin Diisiik Basar1 Gostermelerinin
Nedeni Degisen Madde Fonksiyonu (DMF) iceren maddeler
midir?

GIRIS

Uluslararas1 Ogrenci Degerlendirme Programi (PISA) 15 yasindaki 6grencilerin okuma, matematik
ve fen okuryazarligi alanlarindaki becerilerini uluslararasi karsilastirmalara olanak veren bir yapida
Olcmektedir. Katilan {ilke sayisinin giderek arttigit PISA’ya 70’in iizerinde iilke dahil olmaktadir.
(OECD, 2016a). OECD iiyesi olan Tiirkiye PISA’ya 2003 yilindan beri diizenli olarak katilmaktadir.
Ortalama puanin 500 oldugu PISA matematik okuryazarlik testinde, Tiirkiye PISA 2003°de 423,
PISA 2006’da 424, PISA 2009°da 445, PISA 2012’de 448 ve PISA 2015’de 420 ortalama puan
almistir (MEB, 2015; MEB, 2016). Benzer bir degisim hem fen hem de okuma alanlarinda da
mevcuttur. PISA 2012’ye dogru artan yénde olumlu gelismeler yasanirken, 2015 yilinda ciddi bir
diisiisiin yasanmas1 oldukga dikkat ¢ekicidir. Bu diisiisiin nedenlerinin arastirilmas1 gerekmektedir.
Nedenlerden bir tanesi 6lgme aracinda kullanilan maddelerin dil agisindan yanlilik gostermeleri
olabilir. Olgme sonuglarinin sinavin uygulandig1 dilden bagimsiz olarak sonuglar iiretmesi beklenir.
PISA sorular1 cogunlukla Ingilizce olarak gelistirilmekte, ardindan diger dillere adaptasyonu
yapilmaktadir (OECD, 2017). Bu sebeple PISA matematik sorularinin Tiirk¢e ve Ingilizce konusan
tilkelerdeki 6grenciler i¢in degisen madde fonksiyonu (DMF) gosterip gostermediginin incelenmesi
gereklidir. Bu c¢alismada Tirkiye’deki 6grencilerin diisiik puan alma nedeninin maddelerin DMF
icermeleri olup olmadigi incelenecek, eger neden bu degil ise de bu ihtimal elenerek, diger
ihtimallere odaklanilacaktir.

DMF tespit etme yontemleri kullanilarak testlerin madde bazinda yanlilik gosterip gostermedigi ile
ilgili 6n inceleme yapilabilmektedir (Zumbo, 2007). DMF’nin ve sonrasinda madde yanliligimin
ortaya ¢ikmasi 0grenci gruplarinin puanlarini dogru bir sekilde karsilastirmay1 engellemektedir. Ayni
beceri diizeyine sahip iki 6grenci grubunun bir soruyu yanitlama olasiliklar1 farklilagtiginda DMF
ortaya ¢ikmaktadir (van de Vijver & Leung, 1997; Zumbo, 2007). Bir maddede istatistiksel olarak
DMF ¢ikarsa, uzmanlar o soruyu incelemeli ve neden DMF ¢iktigin1 yorumlayarak maddenin ilgili
gruplar i¢in yanlilik gosterip gostermedigine karar vermelidir (van de Vijver & Leung, 1997).

PISA sorulari oldukga genis bir uzman kadrosu tarafindan titizlikle hazirlanmakta ve adaptasyon
siiregleri gerceklestirilmektedir (OECD, 2017). Ancak yine de, arastirmalar PISA matematik
sorularinda DMF igeren maddeler oldugunu raporlamislardir (Demir & Kose, 2014; Kankaras &
Moors, 2014; Lyons-Thomas, Sandilands, & Ercikan, 2014; Yildirim & Berberoglu, 2009). Bu
sebeple PISA 2015 maddelerini de DMF igerip i¢ermedikleri bakimindan incelemek faydal
olacaktir. Alan yazinda PISA 2015 maddelerini Tiirk 6grenciler ve Ingilizce konusan &grenciler
bakimindan DMF i¢in karsilastiran bir ¢alismaya rastlanmamustir.

Bu amagla bu calismada Tiirk, Ingiliz ve Amerikan 6grencilerin matematik sorularina verdikleri
yanitlar DMF icerip icermedikleri yoniinden incelenmistir. Tiirk 6grencilerin diisiik matematik
performansi gosterme nedenlerinden birisi olarak DMF igeren maddelerin olup olmamasi
incelenmistir. Aragtirma sorulari ise

(1) Tiirk ve ingiliz 6grencileri karsilastirldiginda, DMF igeren PISA 2015 matematik sorusu var
midir?

(2) Tirk ve American 6grencileri karsilastirildiginda, DMF igeren PISA 2015 matematik sorusu
var mudir?
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(3) DMF igeren maddeler testten ¢ikarildiginda matematik performans farklarindan ortaya ¢ikan
etki biiyiikliikleri degismekte midir?

YONTEM

Orneklem

PISA 15 yasindaki 6grencilerin ilgili konu alanlarindaki performanslarini 6lgerken eksik test deseni
kullanmaktadir (OECD, 2016b). Farkli kitapgiklar testin farkli sorularini icermektedir. Kitapgik 43,
45 ve 47 bir araya gelince tiim sorulari igermektedir. Bu sebeple 43, 45, 47 numarali kitapgiklara
yanit veren Ogrenciler bu calismanin 6rneklemini olusturmaktadir. Bu calismada 491 Tiirk, 1154
Ingiliz ve 448 Amerikan &grenci yer almaktadir.

Ol¢me Araci

PISA 2015 kapsaminda 6grencilerin matematik performanslarinin degerlendirmesi igin toplam 69
madde kullanilmistir. Her bir 6grenci yaklasik 23 soru yanitlamistir. PISA matematik testindeki bu
sorular Olgtiikleri beceriler bakimindan hiyerarsik bir yapida hazirlanmistir. En temel beceri olarak
formiile etme, ardindan uygulama ve en list diizey diislinme siireci olarak yorumlama becerisi yer
almaktadir (OECD, 2016b).

Veri Analizi

Bu ¢alismada 3 farkli DMF belirleme yontemi kullanilmigtir. Bu yontemler logistik regresyon (LR),
Mantel-Haenszel (MH) ve yapisal esitlik modelidir (SEM). Her metot farkli hesaplama yontemlerine
dayali oldugu i¢in (Atalay Kabasakal, Gok, Kelecioglu & Arsan, 2012) daha tutarli sonuglar i¢in en
az 2 yontemde farklilik gosteren maddeler DMF igeriyor olarak kabul edilmistir. Logistik regresyon
analizinde ilk adim olarak toplam puan, ikinci adim olarak toplam puan ve grup degiskeni, {i¢iincii
adim olarak da toplam puan, grup degiskeni ve toplam puan ile grup degiskeninin etkilesimi
modellere eklenmektedir. AR? 0.035’den biiyiik ise DMF olduguna karar verilmistir (Jodoin and
Gierl, 2001). SPSS programi kullanilarak bu analizler gerceklestirilmistir. Mantel-Haenszel
metodunda ise gruplarin toplam puanma gore K adet 2x2 capraz tablolar baz alinarak ki-kare
degerleri hesaplanmaktadir. Daha sonra ilgili doniisimler yapilarak MH D-DIF indeksi
olusturulmaktadir (Holland & Thayer, 1986). Bu deger 1’den biiyiik ise DMF olduguna karar
verilmektedir (Zieky, 1993). DIFAS 5.0 programi ile hesaplamalar yapilmistir (Penfield, 2005).
SEM ile DMF belirleme yonteminde ise dogrulayici faktor analizinde ilgili parametrelerin esit
olmaya zorlanmasi sonucunda elde edilen fit degerlerine biiyiik etkisi olan maddeler DMF igeren
madde olarak belirlenmektedir (van de Vijver, 2017). Comparative fit index (CFIl) ve Tucker Lewis
index (TLI) degerleri arasindaki fark 0.010’dan biiyiik ise modifikasyon indeksleri incelenerek DMF
iceren maddeler tespit edilir (Cheung and Rensvold, 2002). Bu analizde Mplus 7.4 programi
kullanilmigtir (Muthen & Muthen, 2015).

SONUC VE TARTISMA

I¢ Tutarhlik

PISA 2015 matematik sinav1 i¢in Cronbach’s alpha i¢ tutarlilik katsayilari kitapcik 43, 45 ve 47 igin
Tiirk dgrenciler igin sirastyla 0.78, 0.79, 0.76; Ingiliz dgrenciler igin 0.81, 0.84, 0.85; ve Amerikan
ogrenciler i¢in 0.80, 0.86, 0.86 olarak hesaplanmistir. Bu degerler testin iyi diizeyde i¢ tutarliliga
sahip oldugunu gostermektedir (Cicchetti, 1994).
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DMF sonuclar
Bu kisimda LR, MH ve SEM yontemleri kullanilarak elde edilen DMF sonuglart verilmektedir.

LR yontemi ile elde edilen sonuclar Tablo 4’de verilmektedir. Tiirk ve Ingiliz 6grenciler
karsilagtirildiginda, 69 maddeden 10 tanesi (B43 11, B45 10, B45 13, B45 18, B47 1, B47 6,
B47_7, B47_8, B47_9 ve B47_19), Tiirk ve Amerikan 6grenciler karsilagtirildiginda, 69 maddeden
14 tanesi (B43_11, B43_15, B43_16, B45_10, B45_11, B45_ 13, B45_18, B47_1, B47_6, B47_7,
B47_9, B47_11, BA7_14 ve B47_19) DMF igermektedir. MH yontemi ile elde edilen sonuglar Tablo
5’de verilmektedir. Tiirk ve Ingiliz 6grenciler karsilastirildiginda, 69 maddeden 10 tanesi (B43 11,
B45_10, B45 13, B45_18, B47_1, B47_6, B47_7, B47_9, B47_10 ve B47 19) Tiirk ve Amerikan
ogrenciler karsilastirildiginda, 69 maddeden 10 tanesi (B43 11, B45 10, B45 13, B45 18, B47 1,
B47_7, B47_9, B47_11, B47_14 ve B47_19) DMF igermektedir. SEM yontemi ile elde edilen
sonuglar Tablo 6’da verilmektedir. Tiirk ve Ingiliz dgrenciler karsilastirildiginda, 69 maddeden 4
tanesi (B45_2, B45 10, B45 13, B45_18) Tiirk ve Amerikan &grenciler karsilastirildiginda, 69
maddeden 2 tanesi (B45_13 ve B47_9) DMF igermektedir.

En az iki yontem tarafindan DMF igerdigi goriilen maddeler burada listelenmistir. Tiirk ve Ingiliz
ogrenciler karsilagtirildiginda, 69 maddeden 9 tanesi (B43 11, B45 10, B45 13, B45 18, B47 1,
B47_6, B47_7, B47_9 ve B47 19) her iki yonteme gére DMF igermektedir. Ayrica, hangi
maddelerin hangi grubun lehine ¢alistiginin raporlanmasi da 6nem tasimaktadir. Bu 9 maddeden 3
tanesi Tiirk 6grenciler lehine (B43_11, B45_10, B45_18, B47_6, B47_7, B47_9) 3 madde ise Ingiliz
ogrencilerin lehine calismaktadir (B45_13, B47_1, B47_19). Tirk ve Amerikan O&grenciler
karsilastirildiginda, 69 maddeden 10 tanesi (B43 11, B45 10, B45 11, B45 13, B47_1, B47_7,
B47_9, B47_11, B47_14 ve B47 19) her iki yonteme gore DMF icermektedir. Bu 10 maddeden 5
tanesi Tiirk 6grenciler lehine (B43 11, B45 10, B47 7, B47 9, B47 14) 4 madde ise Amerikan
Ogrencilerin lehine ¢aligmaktadir (B45 13, B47 1, B47 11, B47 19). Bir madde (B45 11) kismen
Tiirk 6grencilerin lehine, kismen ise Amerikan 6grencilerin lehine calismaktadir. Tiirk-ingiliz ve
Tiirk-Amerikan karsilastirmalar1 benzer sonuglar vermistir.

Tablo 8 incelendiginde, DMF gosteren tiim maddelerin agik uglu sorular oldugu goériilmektedir.
Ayrica, Tiirk 6grencilere hem Ingiliz hem de Amerikali 6grencilere gére avantaj saglayan 7 sorunun
4 tanesinin en alt diislinme silirecini Olgen formiile etme diigsiinme siireci ile ilgili oldugu
goriilmektedir. Formiile etme becerisini dlgen higbir soru Ingiliz ve Amerikan &grencilerin lehine
calismamaktadir.

DMF Sonuglari ve Etki Biiyiikliigii

Tiirk 6grenciler ile ingiliz ve Amerikali 8grenciler arasinda basari farki bulunmaktadir. Gruplar arasi
farklar1 6rneklemdeki kisi sayisindan bagimsiz olarak degerlendirebilmek icin etki biiyiikligiini
kullanmak iyi bir yontemdir (Field, 2013). Tablo 9’da 6grenci gruplar1 arasindaki farkin etki
blylikliigii tim maddeler kullanilarak ve DMF gosteren maddeler ¢ikarildiginda hesaplanmisgtir.
Tiirk ve Ingiliz 6grenciler arasinda baslangicta .51 ile .93 arasinda degisen etki biiyiikliigii
hesaplanmistir. DMF iceren maddeler ¢ikarildiginda ise bir degisiklik gézlenmemistir. Ayn sekilde
Tiirk ve Amerikali 6grenciler arasinda .28 ile .85 arasinda degisen etki biiyiikliigli gézlenmistir.
DMF igeren maddeler ¢ikarildiginda yine farkin degismedigi gorilmiistiir.

Tartisma

Bu ¢alisma Tiirk 6grencilerin PISA 2015 matematik testinden ¢ok diisiik alma nedenlerinden birisi
olabilecek olan DMF igeren maddeleri incelemesi bakimindan olduk¢a 6nemlidir. Arastirmada
onceki boliimlerde belirtildigi gibi DMF igeren maddeler tespit edilmistir. Ancak, bu maddeler
sadece Tiirk Ogrencilerin aleyhinde calismamaktadir. DMF igceren maddelerin bir kismu Tiirk
ogrencilerin lehine g¢aligmaktadir. Ek olarak, etki biiyiikliikleri karsilastirildiginda DMF igeren
maddelerin toplam puanlarda herhangi bir gruba bir avantaj sagladigina dair kanit bulunmamaktadir.
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Puanlardaki diisiis icin farkli nedenlere odaklanmak gerekmektedir. Tiirk 6grencilerin PISA 2015
ortalama matematik puanlarinda neden diisiis yasadiklarini tespit etmek i¢in yillar igerisinde segilen
ormeklemlerin karsilagtinilabilirligi, smavin kagit kalem formati yerine artik bilgisayar ortaminda
uygulanmasi ve lilke bazindaki egitim sistemi, 6gretim programlari ve egitim politikalarinda yaganan
degisimler gibi farkli degiskenleri de incelemek gerekmektedir.

PISA’daki sorular yaymlanmadigi i¢in DMF igeren maddelerin yanlilik gosterip gostermedigine dair
uzman incelemesi yaptirilamamigtir. Ancak, sorularin 6zellikleri incelendiginde bazi dnemli ipuglari
elde edilmistir. DMF igeren tiim maddelerin ag¢ik u¢lu sorulardan olusmasi bu sorularin puanlanma
siireclerinin yeniden gézden gegirilmesi gerektigini gostermektedir. Bu puanlama sirasinda maddeler
DMF igeriyor hale gelmis olabilir. Diger bir bulgu da, Tiirk dgrencilerin lehine ¢alisan maddelerin
¢ogunun en alt diizey diisiinme siirecini i¢ceren maddeler olmasidir. Bu tip maddelerin higbiri
Ingilizce konusan Ogrencilere DMF gostermemistir. Tiirkiye’deki egitim genel olarak ¢ok soru
¢ozmeye dayandigi icin, Ogrenciler temel becerileri gelistirmis ve bu tip sorularla daha fazla
kargilagmig olabilir (Arikan, van de Vijver & Yagmur, 2016; Doganay & Bal, 2010; Temur, 2012).
Bu durum da bu tip maddelerin Tirk 6grenciler lehine DMF gostermis olabilecegi anlamina
gelmektedir. Son olarak, kullanilan DMF belirleme yontemleri karsilastirildiginda logistik regresyon
ve Mantel-Haenszel yontemlerinin yapisal esitlik modeline gore birbirine daha yakin sonuglar
verdigi gorilmiistiir.
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Figure 1. Graphical Representation of DIF Items for TR and UK Students
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Figure 2. Graphical Representation of DIF Items for TR and USA Students
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