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One of the crucial indicators of educational fairness is the extent to which
educational systems equip students irrespective of their socio-economic status (SES).
However, results from the Programme for International Student Assessment (PISA)
2015 once again reveal the long-term-known fact that most of the educational systems
in the world are not even close to this SES-free educational performance ideal. Among
the OECD (The Organisation for Economic Co-operation and Development)
countries, 13 percent of students’ PISA 2015 science performance variation is related
by their SES score. Besides, almost 63 percent of between-school variation in science
performance is explained by students’ and schools’ socio-economic statuses (OECD,
2016b).

In terms of educational fairness, Turkey’s situation is, on average, better than
the OECD countries. The percentage values given above are 9% and 49% for Turkey,
respectively (OECD, 2016b). However, when it comes to the percentage of students
from disadvantaged socio-economic backgrounds, among 69 PISA 2015 participant
countries, only two, Indonesia and Viet Nam, are in a poorer condition than Turkey.
Fifty nine percent of students in Turkey are in the bottom decile of the international
SES distribution. To give more of a sense of this percentage value, it may be worth
adding the information that it is 74% in Indonesia, 76% in Viet Nam, 12% on average
in OECD countries, and only 1% in Iceland. Correspondingly, the percentage of
students in Turkey who are in the top decile with respect to the international SES
index is only 4, whereas the percentages are 1%, 2%, 27%, and 57% in Indonesia,
Viet Nam, OECD countries, and Iceland, respectively. Furthermore, a crucial finding
is that, in Turkey, there are more than 100 points difference between the top decile
and the bottom decile student groups' PISA 2015 mean science scores (OECD,
2016b).

The achievement gap between groups of students from different social-
backgrounds, as the one indicated above between low and high SES groups of students
in Turkey, are by no mean unexpected when the findings from several studies are
considered. For example, Darling-Hammond (2014) underlies the large disparity in
math, reading, science, and problem solving scores of low-income and high-income
children in the United States. Lenkeit and Caro (2014), in their study investigating
data from 4 cycles of PISA from 2000 to 2009, show that performance comparisons
among educational systems without considering their socioeconomic differences are
very much unfair.

This highly significant relationship between socioeconomic status and test
performance of students also makes it crucial to understand in what ways students’
socioeconomic status is related to their performance as measured in certain assessment
programmes, such as in PISA. These sort of associations may generally be grouped
into two types. Evidently, one of the types is the explicit effect in which being in a
higher level of socioeconomic status effects test performance due to students’ higher
level at the psychological construct being measured by the tests. Simply that is,
students from higher socioeconomic backgrounds are more likely to have higher
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educational and social opportunities, and having higher opportunities may lead to a
better learning, and thus a better test performance.

The second type of effects, in line with the differential item functioning (DIF)
literature (e.g., Camilli and Shepard, 1994), can be called as differential or implicit
effect, to indicate the factors related to students’ test performance and yet not captured
by the test’s measurement model (Verhelst, 2012). Here is a hypothetical example.
PISA has changed its assessment mode in 2015 from paper to computer based and
delivered the tests on computers. What if socio-economically advantaged students are
more accustomed to computers than their disadvantaged peers, and consequently
manage to handle computerized tasks more effectively in responding to science
literacy test items? In such a case, disadvantaged students would perform poorer than
their advantaged peers in science literacy items not because their science literacy level
is lower, but because their computer skills level is. However, as the test is intended to
measure science literacy, any score difference between groups in such a case would
be devoted to a genuine difference between science literacy levels of students unless
possible differential factors related to the achievement are investigated.

In test theory, such potential implicit factors that are related to students' test
performance and yet not accounted by the tests” measurement model are named as
differential factors (Camilli and Shepard, 1994). Studies focused on such implicit
effects which might contribute a better understanding of the disparities between SES
groups, have been underestimated when the SES literature is reviewed. Our aim in
this present study is to investigate possible SES related differential factors in Turkey’s
PISA 2015 science data. To this purpose, we employ a recently developed innovative
technique Profile Analysis (PA) (Verhelst, 2012).

PA is not an exploratory method. Thus, it requires hypotheses on item
characteristics which might be related to the differential functioning of item bundles
among groups of students as defined in the analyses. The hypotheses in this current
study are grounded on the PISA 2015 Science Framework which provides definite
item specifications. In this context, the possible SES related differential factors in this
research are tested on the following item specifications: response format (constructed
response, complex multiple choice, multiple choice); competency aspect (explaining
phenomena, interpreting data); knowledge aspect (content, procedure); cognitive
demand (low, middle) and content (living systems, earth and space, physical systems)
(OECD, 2016b).

In sum, the purpose of this study can be rephrased as investigating whether PISA
2015 science items’ response format, competency level, knowledge aspect, cognitive
demand, and content are related to any differential performances among students from
different SES backgrounds in Turkey.

Method

In this section, the population and the sample of the study, PISA 2015 test design
and science assessment framework, and the analyses used in this study are described.
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Since, an international database, which is open to all researchers is used, anapproved
ethical committee decision for research is not required to be submitted for this study.

Universe-Sample

The major domain assessed in PISA 2015 is scientific literacy. Seventy-two
countries and economies participated in the study. The population of PISA-
participating students is defined by technical standards given in the OECD (2017)
document.

In each country, a two-staged sampling design in which first the schools and then
the students are selected is used in PISA 2015. In Turkey, 5895 15-year-old students
from 187 schools participated in the study. These students were selected to represent
925,366 15-year-old students who were enrolled at grade 7 or above at the time of the
study. Ninety three percent of the students selected for the study in Turkey were at
9th or 10th grade levels. Due to some reasons (e.g., functional disability) 36 students
were excluded by PISA from the analysis. In addition, in this current study, 18
students having an extreme response format (i.e., all items correct or incorrect) were
excluded as the PA cannot be carried on for these types of students. Thus, for the
current study 5841 students’ responses to PISA 2015 science items were used.

PISA 2015 Test Design and Science Assessment Framework

PISA 2015 science test forms consisted of 184 computer-based test items in total,
which were grouped in 12 clusters. Two of these clusters as determined through a
multistep rotated test design process were directed to each student (OECD, 2017). In
this way, test forms received by each student included 25 to 35 science items. The 184
PISA science items were developed with respect to PISA’s science assessment
framework.

PISA 2015 science assessment framework designates the test items with respect
to the construct PISA aims to measure, and also the assessment characteristics items
posses. Table 1 shows the item categories in this context. Further explanation on these
categories follows the table.

The major construct involved in PISA 2015 is scientific literacy. In the most
general sense, although science and technology differ with respect to purposes,
processes, and products, scientific literacy in PISA compromises the knowledge of
both science and science-based technology. The components of the scientific literacy
are defined by four interrelated aspects: context, knowledge, competency, and
attitudes (OECD, 2016b). Two predominant aspects of knowledge and competency
are involved in this current study.

The competency aspect of PISA’s scientific literacy deals with abilities students
should possess in order to understand and engage in critical discussions about issues
that involve science and technology. In this context, scientific literacy in PISA 2015
is outlined by the three competencies: explain phenomena scientifically; evaluate and
design scientific enquiry; and interpret data and evidence scientifically.
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Table 1

Categorizations of PISA 2015 Science Items With Respect to PISA 2015 Assessment
Framework

Scientific Literacy Item Categories

Organization of the Domain Assessment of the Domain
Competency Knowledge Response Format Cognitive Content
Aspect Aspect Demand
Explain (89) Content (98) Multiple Choice Low (56) Physical
(54) Systems (61)
Evaluate (39) Procedure (60) Complex Middle Living Systems
Multiple Choice (113) (74)
(66)
Interpret (56) Epistemic (26) Constructed High (15)  Earth and Space
Response (64) Systems (49)

Note. The number of items in each category is given in parenthesis. In the highlighted categories, PA was
not conducted due to the insufficient number of items

The first competency, explain phenomena scientifically, deals with students'
ability to offer and evaluate explanations for natural and technological phenomena,
and recognize their implications for society. The second competency, evaluate and
design scientific inquiry, is about identifying and evaluating the quality of scientific
investigations and propose scientific ways to answer the questions. The last
competency, interpret data and evidence scientifically, defined in the assessment
framework refers to the ability to evaluate whether the conclusions are appropriate
from a scientific perspective.

The competencies defined above all require knowledge. Thus, knowledge is
defined as the second aspect in the organization of the PISA’s scientific literacy
domain. This aspect involves three distinctive but relevant elements: content
knowledge, procedural knowledge, and epistemic knowledge. Knowledge of facts,
concepts, ideas and theories about science is referred to as content knowledge. This
sort of knowledge is relatively more engaged to explain phenomena scientifically
competency than the other two competencies. Procedural knowledge deals with the
procedures used in science to establish scientific knowledge. Indeed, procedural
knowledge refers to understanding how scientific knowledge is established what has
been called as: the nature of science (Lederman, 2006).

Repeating measurements to minimize error and reduce uncertainty, the control
of variables, and standard procedures for representing and communicating data is
referred to as procedural knowledge. Finally, epistemic knowledge involves
understanding of the rationale for the common practices of scientific inquiry and some
fundamental scientific terms such as theories, hypotheses, and models. Both
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procedural and epistemic knowledge are more at work in PISA items on scientific
enquiry.

The second dimension of PISA 2015’s science domain organization is about the
assessment of the scientific literacy. This facet is mainly about the item
characteristics, and determines their three characteristics: response format, cognitive
demand, and content (i.e., main area of knowledge of science).

Items used in PISA 2015 science tests are one of the three classes of response
format: simple multiple choice, complex multiple choice, and constructed response.
The first and the last classes are probably familiar to the reader. If additional
information for the format complex multiple choice is required these type of items
basically require selection of more than one response among the list of options.

The cognitive demand for an item is introduced as a new key feature in PISA
2015 study. In PISA 2015 assessment framework, it was strongly emphasized that
items’ difficulty is not only related to the cognitive demand of the question. For
example, an item that only requires a cognitive demand of recalling would have a high
difficulty (i.e., only a small group of students might give the correct answer) since it
involves a specific knowledge that is not well known. In PISA 2015, an adapted
version of Webb’s Depth of Knowledge (Webb, 1997) which offer a taxonomy taken
into account of the verbal cues used in the questions (e.g. analyse, arrange, compare)
and required depth of knowledge was used. Based on this taxonomy, three cognitive
demand classes defined are the low, the middle, and the high demanding items. Items
to carry out a one-step procedure are labeled as low demanding items. Items that
require using and applying conceptual knowledge are of medium level. The most
demanding items at a high level in PISA require analyzing complex information or
data.

Finally, the content categorization groups the PISA items involves three main
areas such as physical systems (e.g., structure of matter, motion and forces), living
systems (e.g., cells, ecosystems), and earth and space systems (e.g., structures of the
Earth systems, Earth in space).

Socio Economical Status in PISA 2015

In PISA, students’ socio-economic status is defined within the framework of the
education system'’s fairness. In this context, in a fairer education system, students’
achievement should be more likely to result from their abilities and effort than their
socio-economic status (OECD, 2016b).

PISA estimates students’ socio-economic status by the index of economic, social
and cultural status (ESCS). This index is derived from the variables related to
students’ parents’ education level and their occupations, the number of educational
resources (e.g., a desk to study, a quiet place to study, a computer usable for school
work, books, educational software, a dictionary), and the number of certain home
possessions (e.g., a room of student’s own, a link to the internet, televisions, cars,
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rooms with a bath, musical instruments) in the home of students (OECD, 2016b).
PISA derives ESCS index from these variables via Principal Component Analysis.
ESCS scores are then standardized to have a mean of 0 and standard deviation of 1
for the OECD countries (OECD, 2017).

In this current study, the groups for the Profile Analyses are determined with
respect to students’ ESCS scores. Students in the lower quartile in Turkey with respect
to their ESCS score are specified as the low SES group. Similarly, students in the
upper quartile are grouped as the high SES group, and the rest of the students are
labeled as the middle SES group. The number of students analyzed in each group has
been 1492, 1411 and 2938 respectively.

Profile Analysis

Profile analysis is a technique based on comparing test takers’ observed and
expected performances on a group of items of a test (Verhelst, 2012). In the analysis,
expected performances are calculated conditionally given the individuals’ total test
scores and the parameters of test items. The item parameters should be estimated via
an Item Response Theory (IRT) based measurement model, such as the Rasch Model
or the 2-parameter IRT model (van der Linden and Hambleton, 1997).

The basic statistics in profile analysis is the difference between an individual’s
observed and expected performances on a subgroup of test items. This difference
value is named as a deviation profile. A positive deviation value indicates that the
student performs better than expected on the subgroup of test items as specified in the
profile analysis. Similarly, a negative value points to a performance lower than
expected based on the measurement model. The basis for this rationale is that the
expected performance of individuals depends only on the item parameters given the
individual’s total test score, as proved by Georg Rasch (1960), a distinguished Danish
psychometrician. Thus, a significant deviation profile indicates that the measurement
model misses some factors in the test data which affect students’ performance at the
subgroup of test items sharing a common property. The profile analyses in this study
were conducted through ProfolieG software developed by Norman Verhelst (2012).
The software also checks the statistical significance of the deviation values through a
Chi_square based built-in algorithm.

We carried out the PA in this current study with respect to the following
fundamentals which also outlines a profile analysis procedure.

1. Prior to the profile analysis, item parameters should be calibrated via a
measurement model which well fits the test data. In this current study, item
parameters were estimated using Turkey’s PISA 2015 test data only. For the
item calibration in this study, One-parameter Logistic Model (OPLM) and
the corresponding software was used (Verhelst and Glas, 1995).

2. Grouping the test items in profile analysis is not an arbitrary process. Items
should be clustered with respect to some valid hypotheses. In this current
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study, PISA 2015 science assessment framework was used as a basis to
classify the 15 item categories as given in Table 1. Twelve of the categories
were investigated in the profile analyses.

3. Profile analysis basically produces results at an individual level. In this
current study, for each of the 12 item clusters, individuals were identified to
have one of the four possible deviation types: positive-significant, positive-
non-significant, negative-significant, negative non-significant (As explained
before, a positive profile indicates higher observed performance than the
expected, and significance depends on a built-in PA statistical test).

On the other hand, PA results for the individuals of common property can also
be aggregated to get group level results. In this study, results were aggregated at the
low, middle, and high SES groups. To this purpose, for each of the item categories,
the number of students of the positive deviation type observed in each group was
determined. In addition, the number of positive-deviation-type students the
measurement model allows (named in the analyses as: expected) were detected. It is
important to note that if a student is not of a positive deviation type in an item
category, she is of positive deviation type in the rest of the items. Thus, each item
category was investigated with its complementary category (e.g., open response type
items versus not open response type items).

At the group level, a Chi-square test with 1 degrees of freedom was used to
statistically test whether certain types of students dominated the group. In other words,
for each of the low, the middle and the high SES group of students, a chi-square test
of goodness-of-fit was performed to determine whether the observed number of
individuals was in line with the expected number of individuals. These analyses were
conducted separately for each of the 12 item categories.

Table 2 presents an example for such an aggregated result at the group level for
the PISA 2015 science items of constructed response type. Please note that when a
subgroup of the test items are marked as of a specific type (here, constructed response
type items indicated as CR+), the rest of the test items automatically determines
another subgroup of items of not this type (indicated as (CR-)).

Table 2

Observed Versus Expected Number of Students Doing Better Than Estimated in Open
Response Type PISA 2015 Science Test Items

SES Groups Observed/Expected CR+ CR- Total
Low Observed 657 835 1492
Expected 696.01 795.99 1492
Middle Observed 1349 1589 2938
Expected 1383.33 1554.67 2938
High Observed 681 730 1411
Expected 676.8 734.19 1411

Note. CR+: Items of constructed response type; CR-: Items of not constructed response type
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The numbers in Table 2 for the low SES group point to the following: The
measurement model allows 696.01 individuals to have a positive deviation profile
(i.e., performing relatively better) in the subgroup of constructed response type items.
However, with respect to the observed performances, there are 657 such students.
Thus, in the low SES group, the number of students who are estimated to perform
relatively better in the CR+ type items falls below the expectation by 39 students.

This difference value can also be set as a percentage of the total group, -2.61%
(657-696.01)/1492). This percentage value is called the excess percentage (EP) for
the corresponding group of items. Please note that EP for the CR- type items is
+2.61% as CR+ and CR- type items are complementary by design. A chi-square test
for the difference between the observed and the expected humber of individuals in a
group can also be conducted. For example, this value for the low SES group in Table
2is, ¥’(1, 1492) = 4.09, p < .05. In this current study, EP values are used to investigate
the results of PA analyses in the 3 SES groups for the 12 item categories.

Results

PISA calibrates the test items using the combined data from all participant
countries. The programs named ‘mdItm’ and ‘ConQuest’ are used in the calibration
processes (von Davier, 2005; Wu, Adams and Wilson, 1997). Within the scope of this
current study, 184 PISA 2015 science items were recalibrated using Turkey’s test data
only. This Turkey specific test calibration was conducted by the software OPLM
available to the authors (Verhelst and Glas, 1995).

To test that the OPLM software produces valid item parameter estimates as
compared to the PISA analyses, calibrations with OPLM were also conducted using
the combined test data from all PISA 2015 participant countries. The Pearson
correlation coefficient between the OPLM-estimated and PISA-published item
difficulty parameters for the 184 science items showed that OPLM also generates
valid estimates for the PISA 2015 science test data (r = .97, p < .01).

The profile analysis was conducted for 12 item categories in three SES groups
of students in Turkey. The ESCS scores in each of the three SES groups have been
summarized in Table 3.

Table 3

Descriptive Statistics for ESCS Scores of Individuals in the Three SES Groups
SES Groups N Min. Max. Mean Std. Dev.
Low 1492 -5.13 -2.31 -2.87 0.41
Middle 2938 -2.31 -0.61 -1.49 0.49
High 1411 -0.61 3.12 0.14 0.54

As explained in the preceding section, PA analyses produce a huge amount of
output for individuals’ conditional and observed performances on a group of test
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items. Excess percentage (EP) is an appropriate statistics to summarize all these
findings at a group level in a compact way. Table 4 provides the EP values to sum up
the findings of this current study. Please note that details for the calculation of the EP
value -2.61% for the constructed response item category in the low SES group has
been given in the upper row of Table 2. The rest of the EP values in Table 4 have been
calculated in the same way.

Table 4

Excess Percentages (EP Values) as a Summary of the Profile Analyses in 3 SES
Groups for the 12 Item Categories

Categorization Categories EP values for this category of items (+ Type)
SES GROUPS

Low Middle High
Response Constructed Response -2.61% -1.17% 0.30%
Format Complex Multiple Choice 3.95% 0.01% -0.79%
Simple Multiple Choice -0.90% 1.17% -2.33%
Competency Explain 0.91% -0.89% -0.91%
Aspect Interpret -0.23% 1.32% -0.25%
Knowledge Content 1.86% 0.50% -1.49%
Aspect Procedural -2.48% 0.76% 0.94%
Cognitive Low 0.66% -0.16% -0.22%
Demand Middle 0.11% 0.22% -1.08%
Content Living Systems 0.21% -0.18% 0.59%
Earth & Space 0.78% -0.33% 1.75%
Physical Systems 0.39% 0.80% -1.40%

Note. EP values in bold points to a statistically significant difference at .05 level between the
observed and the expected number of individuals for the corresponding PA in the group.

Discussion, Conclusion and Suggestions

Results from this current study show that students’ performance in a number of
subcategories of PISA 2015 science test items is related to their SES status. Among
these categories, response format of the test items is the category with the biggest EP
value, which also reaches a statistically significant level. However, statistical
significance is only one side of the story (Yildirim and Yildirim, 2011). The design of
the current study required dividing the students into three SES groups which not only
decreased the sample size but also the power of the statistical tests. In addition, due to
the incomplete test design used in PISA tests, a student replies only a small portion
(about 15%) of the available test items (OECD, 2017). Thus, in analyses like PA
which requires separating test items as well into subgroups, due to the loss of power,
statistical significance would be relatively more difficult to reach despite the
considerable effect sizes.

Consequently, evaluating the results in Table 4 with respect to their effect size
would be more suitable within the context PA as conducted in this study. EP values



SES Related Differential Factors in Turkey s PISA 2015 Science Literacy Data 941

in Table 4 can also be regarded as effect sizes in an absolute sense. If these 36 EP
values are ordered with respect to their value, the four EP values above 1.20% lay in
the upper decile while the four values below -1.50% make up the bottom decile.
Although an arbitrary approach, this may contribute to detecting some significant
findings in PA which otherwise would be lost in the lack of statistical power. Table 5
gives the eight EP values on the edges.

Table 5

Excess Percentages in the Bottom and the Top Deciles, and the Corresponding
Item/Group Category

Negative EP Values (Weaknesses) Positive EP Values (Strengths)

EP Group/Item Category EP Group/ltem Category
-2.61%  Low SES Constructed Resp. 3.95%  Low SES C. Multiple Choice
-2.48%  Low SES Procedural Know. 1.86%  Low SES Content Know.
-2.33%  High SES Multiple Choice 1.75%  High SES Earth & Space
-1.49%  High SES Content Know. 1.32%  Middle SES Interpret

The results reveal that the most significant finding in PA is related to the
category response format. The item response format is also among the variables that
is commonly studied in research on detecting students’ test performance related
variables (e.g., Liou and Bulut, 2017; Mingo, Chang and Williams, 2018). These
studies provide evidence for the differential function of item format. In line with these
findings, the result of this current study also reveals that item format effects students’
science performance differentially with respect to their SES background.

In terms of response format the EP values indicate that low SES group students
are performing better than expected in items of complex multiple-choice format. On
the other hand, students of low SES group are performing below the expectations on
the constructed response format items. First thing that comes to mind is naturally that
constructed response items require students to communicate their ideas, and students
from lower SES group may lack this ability lowering their science performance.
However, we should also note that PA is an associational technique and does not offer
causal relationships.

Another remarkable finding on the response format is the relatively poor
performance of high SES group students on multiple-choice items. In Turkey, all high
stakes tests (e.g., transition to high school examination, university admission exams)
are of multiple-choice format. Thus, students in Turkey are accustomed to this
response type items, and this makes such a result surprising. However, students from
high SES background have broader educational opportunities such as continue at
private universities and having an education abroad. Therefore, these students may
lack some testing skills contributing to detect the correct response of a multiple-choice
item. This comment may be extended for the items requiring content knowledge as
well, which are frequently used in high stakes tests in Turkey. Results show that
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science performances of high SES group students are below the expectations in this
sort of items too.

On the other hand, this relatively lower performance of high SES group on
multiple choice items does not mean that high SES group students’ performance falls
behind the performance of low or middle SES group students. In thinking of the
results, one should be aware of that what is analyzed in PA is students' conditional
performance. For example, positive EP value of 1.86% in Table 5 indicates that low
SES students perform better than expected on items requiring content knowledge.
However, mean PISA 2015 content knowledge items based science performances of
low, middle and high SES group students in Turkey are 401.32, 420.96, and 459.46,
respectively. These average performances show that students of low SES group are
performing lower than the other two SES group of students. On the other hand, PA
reveals that given the total performance level of the students and the difficulty level
of the items, even this low performance of low SES group individuals on content
knowledge items is beyond the expectations in general. These sort of positive
differential performances are indicated as strength in Table 5. Similarly, negative
differential performances are indicated as weaknesses.

In this manner, another weakness drawing attention in Table 5 is the low SES
students’ performance in procedural knowledge items. As it was mentioned before,
procedural knowledge type of questions are strongly related to the concept of nature
of science (NOS). Although there is no agreement among the researchers about the
definition of nature of science, it has been described as “the epistemology of science,
science as a way of knowing, or the values and beliefs” (Abd-El-Khalick and
Lederman, 2000, p. 666). In PISA 2015, explaining scientific phenomena competency
requires content knowledge of science. On the other hand, the second and third
competencies demand an understanding of how knowledge is constructed is strongly
related to understanding the nature of science. There is an agreement in the literature
that scientific knowledge is tentative, empirically based, subjective, comprises human
inference, imagination, creativity, and socially and culturally embedded (Lederman,
Lederman, and Antink, 2013).

In a study carried out on 6th to 8th grade level students in Turkey, Hacieminoglu,
Ertepmar, Yilmaz-Tiiziin, and Cakir (2015) revealed that the relationship between
students’ science achievement and their NOS views, especially the empirical NOS,
was weaker in low SES schools than the relationship in high SES schools. The
students' achievement level in high and in low SES schools was matched in this study.
The study also showed that students in high SES schools were likely to have higher
level of tentative NOS, whereas students in low SES schools were likely to have lower
level of empirical NOS.

Thus, when it is considered that procedural knowledge items in PISA 2015 are
related to students’ views of NOS, weakness of low SES students on procedural
knowledge items as detected in this current study might be due to the disadvantage of
low SES students in understanding the nature of science. Moreover, these results may
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indicate the lack of some opportunities and facilities such as science related
extracurricular activities, science club activities, and well-equipped laboratories that
foster students’ NOS views and also their procedural knowledge in low SES schools.

All but one strengths or weaknesses in Table 5 are about item format or
knowledge aspects. The exception is the content of Earth and Space for which high
SES group’s strength is observed. There are studies in the literature which might shed
a light on this finding. National Assessment Governing Board (2014) reports that the
latest technological developments, such as professional telescopes, visualization
tools, and models found at science and technology centers, web based programs to
access the satellite images of the Earth and Space, shuttle’s camera have also enriched
how students learn about Earth and Space. But it is highly possible that low SES
students are disadvantaged in reaching these sort of costly assistance. For example, in
PISA 2015, it was found that some extracurricular activities such as joining science
clubs or competitions are more offered on average in advantaged schools than the
disadvantaged ones across the OECD countries. Especially in Turkey, schools that are
at the top quarter with regard to SES offered almost as twice science club activities as
offered in schools at the bottom quarter (OECD, 2016b). On the other hand, studies
report that extracurricular activities such as participating in a science club,
competitions, and field trips, visiting museums, zoos, science and technology centers
improve students’ science learning outcomes positively (Bellipanni and Lilly, 1999;
OECD, 2016c). Thus, such opportunities students of high SES background may reach
would be the reason for this differential performance detected on Earth and Space
items.

In sum, all but one of the EP values in Table 5 are detected either in low or in
high SES groups. This may indicate that the more obvious the SES difference among
the students the more likely the test items to function differentially for the students.
In addition, all but one of the EP values in Table 5 are regarding the response format
or knowledge aspect categorizations. Thus, the results of this study provide empirical-
based evidence that science items’ response format and knowledge aspect may
interact with students’ SES backgrounds in Turkey.

One extension for this study would be to re-conducting the analyses in other
countries participated in PISA 2015 and providing aggregated results for the
countries. This extension may also contribute to understanding the nature of SES. For
example, it would be informative to understand if relatively weaker performance of
low SES group students on constructed response items, as detected in this study for
Turkey, is specific to some countries or a general phenomenon. Another extension of
this study might be to other subject areas such as mathematics.

Lastly, it may be worth commenting on how to group students with respect to
their ESCS scores in similar studies. This may especially be of critical importance in
comparative studies among countries. Grouping students regarding the quartiles, as
we did in this study, may create very diverse SES groups among the countries. For
example, in this study, the mean ESCS score in Turkey even for the high SES group
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is 0.14, which is almost the average OECD level. Thus, for international comparisons,
a criterion based cut-off scores for the ESCS index to assembly the SES groups would
be a more accurate option.
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Egitimde esitligin 6nemli gostergelerinden biri, egitim sistemlerinin 6grencileri
sosyoekonomik statiilerinden (SES) bagimsiz olarak yetistirebilme derecesidir. Ne var ki,
Uluslararas1 Ogrenci Degerlendirme Programi (PISA) 2015’in de gdsterdigi iizere, birgok
egitim sistemi SES’ten etkilenmeyen egitim performansi idealinin uzagindadir. OECD
tilkeleri iginde, 6grencilerin PISA 2015 fen performanslarindaki varyansin ortalama olarak
% 1371 6grencilerin sosyoekonomik statiileriyle iliskilidir. Bununla beraber, okullar arasi
fen performans farkliliginin yaklasik % 63’ 6grencilerin ve okullarin SES diizeyleriyle
aciklanmaktadir (OECD, 2016b).

Ogrencilerin sosyoekonomik statiileri ve test performanslari arasindaki bu iliski
diistiniildiigiinde SES’in, PISA gibi uluslararasi ¢alismalarda 6grenci performanslariyla ne
sekilde iliskili oldugunun anlasilmasi da 6nem kazanir. Bu iligkiler genel olarak iki gruba
ayrilabilir. ilk grupta, &grencinin sosyoekonomik avantajindan otiirii testte dlciilen
becerilere daha fazla sahip olmasini saglayan etmenlerden kaynakli iligkiler yer alir.
Bunlara genel olarak asikar veya agik etkiler diyebiliriz. ikinci grupta ise, DIF (differential
item functioning) alanyazimyla uyumlu olarak, Ggrencilerin test performanslarim
etkilemekle birlikte, kullamilan 6lgme modelinin belirleyemedigi  etkenlerden
kaynaklanan, bu nedenle sakl1 veya ortiik olarak belirtilebilecek etkiler yer alir (Verhelst,
2012). Test kuraminda (teorisinde), 6grencilerin test performansiyla iliskili olan fakat
kullanilan 6lgme modeliyle agiklanamayan bu tiir potansiyel sakli etmenler, farkli veya
yanli igleyen faktorler genel bashigi altinda incelenir (Camilli ve Shepard, 1994).

Amag ve Onem

Caligmanin amaci, 6grencilerin PISA 2015 fen testindeki performansim etkileyen ve
SES’le iliskili goriinen sakli etmenleri Tiirkiye 6zelinde incelemektir. Analizlerde, bu
amagla gelistirilmis yenilik¢i bir teknik olan Profil Analiz (PA) kullanilmigtir (Verhelst,
2012).

Calismanin 6nemini varsayima dayali bir 6rnekle soyle agiklanabilir: Bilindigi {izere
PISA 2015°’te, kagit-kalemden bilgisayara gegildi ve testler bilgisayar ortaminda
uygulandi. Peki, sosyoekonomik olarak iistiinliigii olan (avantajlt) 6grenciler, siirliligt
olan (dezavantajli) gruptaki akranlarina kiyasla bilgisayara daha fazla aligkinlarsa ve bu
da onlarin fen sorularini yanitlarken bilgisayar tabanli isleri daha etkili yiiriitmelerine
neden oluyorsa ne sOylenebilir? Boyle bir durumda, avantajli ve dezavantajli gruplar
arasinda, bilgisayara daha fazla asina olmaktan kaynaklanan performans farki da
ogrenciler arasindaki fen okuryazarligi farki gibi goriinecektir. Goriildigii tizere, 6grenci
puanlarindaki farkliligin gergek diizey farkliligina atfedilebilmesi igin, test performansini
etkileyebilecek sakli etmenler de incelenmelidir.

PA agimlayici bir yontem degildir. Dolayisiyla, incelenen gruplar arasinda yanliliga
neden olabilecegi diisiiniilen madde Ozellikleri iizerine hipotezler gerektirir. Bu
arastirmanin hipotezleri, madde 6zelliklerinin betimlendigi PISA 2015 fen degerlendirme
gercevesine gore olusturulmustur. Bu baglamda, ¢alismada, farkli SES gruplan arasinda
yanllik olup olmadig1 su madde ozelliklerine ve sayilarina gére incelenmistir: cevap
formati (cevabi yazilan - 64 soru, karmasik ¢oktan segmeli — 66 soru, goktan segmeli — 54
soru), yeterlik boyutu (olaylar: agiklama — 89 soru, veriyi yorumlama — 56 soru), bilgi
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boyutu (icerik — 98 soru, siiregsel - 60), biligsel gereklilik (diisiik — 56 soru, orta — 113
soru) ve igerik (canlilar sistemi — 74 soru, yerylizii ve uzay — 49 soru, fiziksel sistemler —
61 soru) (OECD, 2016a).

Ozetle bu ¢alismanin amaci, PISA 2015 fen sorularimn Tiirkiye’de, cevap formati,
yeterlik boyutu, bilgi boyutu, biligsel gereklilik ve i¢erik agilarindan, farkli sosyoekonomik
statiideki 6grenciler arasinda yanl bigimde isleyip islemedigini aragtirmaktir.

Yontem

PISA 2015°te, her iilkede, ilkinde okullarin ve sonrasinda dgrencilerin secildigi iki
basamakli 6rnekleme yontemi kullanilmustir. Tiirkiye’de bu arastirmaya 187 okuldan on
bes yasinda 5895 dgrenci katilmustir. PISA tarafindan drneklemden ¢ikarilan 6grecilerin
(36 kisi) ve PA’nin yiriitilemeyecegi 18 Ogrencinin verisi bu calisma ozelinde
kullanilmamus, sonug olarak bu ¢aligmada 5841 6grencinin PISA 2015 fen sorularina
vermis oldugu yanitlar incelenmistir. Bu arastirmada, tiim arastirmacilara agik,
uluslararas1 veri tabaninda yer alan veriler kullamldigindan etik kurul karart
gerektirmemektedir.

PISA 2015 fen test formlar1 12 kiimeye ayrilmis toplam 184 bilgisayar temelli test
sorusunu igermektedir. Her 6grenciye bu kiimelerden ikisi, cok basamakli dondiirtilmiis
test deseni modeline gore belirlenerek uygulanmstir (OECD, 2017). Ogrencilerin
cevapladigi formlarda 25 ila 35 fen sorusu bulunmaktadir. Arastirmada uygulanan 184 fen
sorusu, PISA’nin fen okuyazarlig1 degerlendirme cergevesine gore gelistirilmistir (OECD,
2016a).

PISA’da 6grencilerin sosyoekonomik statiisii ekonomik, sosyal ve kiiltiirel statii
indeksi (ESCS) ad1 verilen bir indeksle hesaplanir. Bu ¢alismada Profil Analizi igin gerekli
gruplar dgrencilerin ESCS puanlarina gore olusturulmustur. ESCS puanlarina gore
Tirkiye’de alt ¢eyreklikteki dgrenciler alt SES grubu olarak tanimlanmustir. Benzer
sekilde, iist geyreklikte bulunan 6grenci grubu ise iist SES grubu olarak belirlenmistir. Geri
kalan 6grencilerse orta SES grubu olarak alimmustir. Alt, iist ve orta gruplardaki 6grenci
sayilari sirastyla 1492, 1411 ve 2938'dir.

PA, bir testte belirlenen bir grup soru {izerinden, testi alan 6grencilerin gdzlenen ve
beklenen performanslarini karsilastirmaya dayali bir tekniktir (Verhelst, 2012). Beklenen
puanlar bireylerin toplam test puanlarina ve testteki madde parametrelerine bagli olarak
hesaplanmaktadir. Madde parametreleri Rasch Model veya 2 parametreli model gibi
Madde Tepki Kurami’na (MTK) dayali bir 6lgme modeliyle kestirilmis olmalidir (van der
Linden ve Hambleton, 1997).

Profil Analizde temel istatistik, bireylerin testin belirli bir 6zellige gore gruplanmis
sorularindaki g6zlenen ve beklenen performanslari arasindaki farktir. Bu fark sapma
profili (deviation profile) olarak adlandirilir. Pozitif sapma degeri 6grencinin, s6z konusu
sorulardaki performansinin beklenenden iyi oldugunu gosterir. Benzer sekilde negatif bir
deger, performansin beklenenden diisiik olduguna isaret eder. Bu yontem, Danimarkalt
taninmug psikometrist Georg Rasch (1960) tarafindan ispatlanan, toplam test puani bilinen
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bir 6grencinin beklenen performansimin sadece madde parametrelerine bagli oldugu
olgusuna dayanir. Dolayistyla kayda deger biiyiikliikte bir sapma profili, belirli bir ortak
ozellige gore olusturulan madde grubunda 6grencilerin performansimi etkileyen ancak
6lgme modelinin hesaba katmadig1 etmenler olduguna isaret eder. Bu ¢aligmadaki profil
analizi Norman Verhelst (2012) tarafindan gelistirilen ProfileG yazilinu ile yiirtitiilmiistiir.
Yazilim, sapma degerlerinin istatiksel anlamliligim ki-kare temelli bir algoritmayla
kontrol etmektedir. Bu ¢alismada profil analizi, ayn1 zamanda profil analizi siirecini de
gdsteren temel basamaklar Ingilizce tam netinde Srnegiyle birlikte ayrmntili olarak
aciklanmusgtr.

PA sonuglari, ortak bir 6zellige sahip bireyler (6rnegin, diisiik sosyoekonomik
statiide olanlar) i¢in bir araya getirilerek grup diizeyinde sonuglar elde edilebilir. Bu
calismada PA sonuglar alt, orta ve iist SES gruplarinda birlestirilmistir. Bu amagla, s6z
konusu {i¢ 6grenci grubunda, 12 madde kategorisinin her biri igin, PA sonuglarina gore
pozitif sapma profilindeki 6grenci sayisi belirlenmistir. Buna ek olarak, yine ti¢ 6grenci
grubunda 6lgme modelinin izin verdigi pozitif sapma profiline sahip 6grenci sayisi (bu
say1 asagidaki analizlerde beklenen adiyla verilmistir) belirlenmistir. Profil analizinde bir
Ogrenci incelenen madde grubunda pozitif sapma profiline sahip degilse, testin geriye
kalan maddelerinden olusan tiimleyen madde grubunda mutlaka pozitif sapma profiline
sahip olmaktadir. Bu sebeple analizlerde her madde kategorisi tiimleyeniyle birlikte ele
alinmistir (6rnegin, agik uglu sorular — agik uglu olmayan sorular).

flgili grupta ve ilgili madde kategorisinde beklenen ve gozlenen birey sayilari
arasindaki fark degeri yiizde olarak da hesaplanabilir. Bu degere, s6z konusu madde
grubundaki asma yiizdesi (AY) denir. AY degerinin istatiksel anlamligi beklenen ve
gozlenen birey sayisi arasindaki farka gore ki-kare testiyle belirlenebilir. Bu ¢alismada, tig
SES grubunda ve 12 madde kategorisinde yiiriitilen Profil Analiz sonuglart AY
degerlerine gore incelenmistir.

Bulgular

PISA 2015 fen sorularmin alt kategorilerinde, Ogrencilerin performanslarinin
sosyoekonomik statiileriyle iliskili oldugunu gostermektedir. Bu kategoriler arasinda, en
yiiksek AY degerleri cevap formatinda goriilmiistiir ve bu degerler istatistiksel olarak da
anlamlidir. Ancak, istatistiksel anlamlilik madalyonun sadece bir yiiziidiir (Yildirim ve
Yidirim, 2011). Bu g¢aligmanin kurgusunun bir gerekliligi olarak ii¢ SES grubu
olusturmak, her gruptaki 6grenci sayisini azalttigi icin istatistiksel testlerin giiclinii de
azaltmistir. Bununla beraber, PISA’da tamamlanmamus test deseni kullamldigindan bir
Ogrenci mevcut olan test sorularinin sadece kiiglik bir bolimiini (yaklasik %15)
cevaplamaktadir (OECD, 2017). Dolayisiyla, test maddelerini alt gruplara ayirmayi
gerektiren profil analizi gibi yontemlerde, giiciin kaybedilmesinden dolay: istatiksel olarak
anlamliliga ulasmak kayda deger etki biiyiikliiklerine ragmen goérece olarak zordur.

Sonug olarak, bulgulart etki biiyiikliikklerine gére yorumlamak, bu caligmada
kullanilan PA benzeri analizlerde daha uygundur. AY degerlerinin mutlak degerlerine
gore etki biiytikliikleri olarak goriilebilir. Yukarida belirlenen istatistiksel giic kaybindan
otiirli gdzden kagabilecek anlamli bulgular belirlemek i¢in kesme puanlari belirlenmistir.
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% 1.20’den biiyiik olan degerler ve -% 1.50’den kiigiik olan degeler bu baglamda
degerlendirilmistir.

PA’daki en anlamli bulgunun cevap formati kategorisiyle ilgili oldugunu
gostermektedir. Ogrencilerin test performanslar1 ile iliskili degiskenleri saptayan
arastirmalarda madde cevap bigiminin bu degiskenler arasinda yer aldig1 goriilmektedir
(6rnegin; Liou ve Bulut, 2017; Mingo, Chang ve Williams, 2018). Cevap formati
baglaminda AY degerleri alt SES grubundaki 6grencilerin karmagik ¢oktan segmeli
sorularda beklenenden daha iyi performans gosterdiklerini belirtmektedir (Alt SES,
karmasik ¢oktan segmeli, AY = % 3.95). Diger taraftan, alt SES grubundaki dgrenciler
cevab1 yazilan sorularda beklenenden diisiik bir performans gostermislerdir (Alt SES,
cevabi yazilan, AY = - % 2.61). Bu durumla ilgili ilk akla gelen, cevabin yazilmasimi
gerektiren sorularda 6grencilerin kendilerini ifade etmek durumunda kaldiklar ve alt SES
grubundaki dgrencilerin bu agidan zorlanmalarindan dolay: fen performanslarinin yanlt
olarak diistiigiidiir. Bununla birlikte, PA’nin nedensellik 6neren bir teknik olmadigi da goz
ard1 edilmemelidir.

Diger taraftan, {ist SES’te bulunan 6grencilerin ¢oktan segmeli sorulardaki bu gorece
diisiik performanslar1 (Ust SES, Coktan Secmeli, AY = - % 2.33), iist SES grubundaki
Ogrencilerin alt ve orta SES de bulunan Ogrencilerden geride oldugu anlaminda
gelmemektedir. Pozitif AY degerlerine karsilik gelen performanslar ilgili grubun ilgili
kategorideki giiglii yonleri, negatif AY degerlerine karsilik gelen performanslar ise ilgili
grubun ilgili kategorideki zayif yonleri seklinde yorumlanmalidir.

Tartisma, Sonuc ve Oneriler

Ust SES grubundaki 6grencilerin gérece olarak ¢oktan se¢meli sorulardaki
zayifligt ve bu SES grubundaki 6grencilerin karmasik ¢oktan se¢meli sorularda
beklenenden daha iyi performans géstermeleri sdyle agiklanabilir: Tirkiye’de, tim
ulusal merkezi smavlar (LGS, TEOG, Universite giris smavlar1) coktan se¢meli
sorulardan olugmaktadir. Dolayisiyla, Tiirkiye’deki 6grencilerin bu tipteki sorulara
aligkin oldugu diistiniildiigiinde bu bulgu sasirtict goriinebilir. Ancak tist SES grubunda
bulunan 6grencilerin, 6zel tiniversitelere girmek veya yurtdiginda egitim alabilmek gibi
daha genis olanaklar1 vardir. Bu nedenle, bu 6grencilerin ¢oktan se¢gmeli sorularin
yanitlarim dogru segmeye katki saglayan bazi test teknikleri eksik kalms olabilir. Bu
yorum igerik bilgisi gerektiren ve merkezi ulusal sinavlarda siklikla kullanilan sorular
icin de uygun olabilir. Sonuglar, {ist SES grubundaki 6grencilerin fen performanslarinin
icerik bilgisi gerektiren bu tiir sorularda da beklenenin altinda kaldigini géstermektedir
(Ust SES, igerik bilgisi, AY = -% 1.49).

Bununla beraber, dikkat ¢eken bir diger zayif yon ise alt SES gruptaki dgrencilerin
prosediirel bilgi sorularindaki performanslaridir. Prosediirel bilgi sorulari bilimin dogast
(NOS) kavramu ile oldukga ilgilidir. Tiirkiye’de altinc1 ve sekizinci simf diizeyindeki
Ogrencilerle yiiriitiilen bir ¢calismada Hacieminoglu, Ertepinar, Yilmaz-Tiiziin ve Cakir
(2015), dgrencilerin basarilartyla bilimin dogast hakkinda goriisleri arasindaki iligkinin
(6zellikle bilimin dogasmin deneysel boyutu) alt SES’te bulunan okullarda iist SES’te
bulunan okullara gore daha zayif oldugunu ortaya koymuslardir. Diger taraftan alt SES
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okullarindaki 6grenciler, bilimin dogasi boyutlarindan bilimin deneysel temelli olmasi
gorligiinde diisiik diizeydedir. Dolayistyla, PISA 2015°te prosediirle ilgili sorularin
ogrencilerin bilimin dogas1 gortisleriyle iligkili oldugu diistiniildiigiinde, alt SES
grubundaki 6grencilerin bu sorulardaki zayifliklarmim bilimin dogast anlayiglarindaki
eksiklerle iligkili oldugu sdylenebilir. Bununla beraber, sosyoekonomik statiisii diisiik
okullarda 6gretim programu dist etkinlikler, bilim kuliibii etkinlikleri, donanimlt
laboratuvarlar gibi 6grencilerin bilimin dogasi anlayiglarin1 ve dolayisi ile prosediirsel
bilgilerini besleyen firsatlarin ve olanaklarin eksikligi de bu ¢alismadaki bulguyla iligkili
olabilir.

Bulgular tiim giiglii ve zayif yonlerin madde formati veya bilgi boyutlartyla ilgili
oldugunu gostermektedir. Tek istisna, iist SES grubunun gii¢lii yonlerinden biri olarak
belirlenen icerik kategorisindeki yeryiizii ve uzay konusudur (Ust SES, Yeryiizii ve Uzay,
AY = % 1.75). Son teknolojik gelismeler, profesyonel teleskoplar, gériintii araglari ve
bilim ve teknoloji merkezlerindeki modeller, diinya ve uzaym uydu goriintiilerine ulagan
web tabanli programlar, uzay mekigi kameralari 6grencilerin diinya ve uzay hakkindaki
ogrenmelerini zenginlestirmektedir. Ancak bu tiir maliyeti yliksek desteklere alt SES’teki
ogrencilerin ulasabilme olasiliklan diisiiktiir. Ornegin, PISA 2015°te, OECD iilkelerinde,
bilim kuliiplerine veya yarismalara katilmak gibi miifredat dis1 bazi etkinliklerin avantajlt
olan okullarda 6nerilme oranmnin dezavantajli olan okullardakine oranla fazla oldugu
goriilmektedir (OECD, 2015a). Dolayisiyla, tist SES grubundaki 6grencilerin bu
olanaklara ulasabilmeleri yerylizii ve uzay sorularinda avantajli performans
gostermelerinin bir nedeni olabilir.

Ozetle, bulgular biri hari¢ tiim AY degerlerinin alt veya iist SES gruplarinda
goriildiigiine isaret etmektedir. Buradan hareketle, 6grenciler arasinda sosyoekonomik
farklik ne kadar ¢oksa, belirli madde kategorilerinde yanliligin olma ihtimalinin de o kadar
fazla oldugu sdylenebilir. Bununla beraber, yanliliklarin baskin olarak madde formati ve
bilgi boyutu kategorilerinde olmasi, Tiirkiye’de 6zellikle bu kategorilerin dgrencilerin
sosyoekonomik statiileriyle iligkili yanliliklar {iretebilecegini gdsteren ampirik bir kanit
olarak degerlendirilebilir. Bu ¢aligma PISA’ya katilan diger {ilkeler i¢in de tekrarlanarak,
iilkeler i¢in biitiinlestirilmis bulgular saglayacak sekilde genisletilebilir. Bu genisletme,
SES’in dogasini anlamaya da katki saglayabilir. Diger bir genisletme bigimi ise ¢alismay1
matematik gibi bagka konu alanlarinda yapmak olabilir.

Etik Kurul Karan

Bu aragtirmada, tiim arastirmacilara agik, uluslararasi veri tabaninda yer alan
veriler kullanildigindan etik kurul karar1 gerektirmemektedir.



