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Ozet — Bu galismanin amaci, PISA 2015'n Tiirkiye'deki 9. ve 10. simf dgrencilerinin fen performansma iliskin
degiskenleri hiyerarsik dogrusal modelleme (HLM) yaklasimi kullanarak arastirmaktir. Bulgular, 6grencilerin
fen performansi ile demografik 6zellikleri arasindaki iliskinin, fen performansinin duyussal alan ve 6grenme
ortamu ile arasindaki iliskiden daha gii¢lii oldugunu ortaya koymustur. Bu bulgulara dayanarak, 6grencilerin fen
performansini  gelistirmenin, performansi etkileyen degiskenleri dikkate alarak, ozellikle de demografik
degiskenler ve kapsayict okul sistemlerinin ingasi baglaminda esit firsatlar saglayabilen gelismelerle miimkiin
olabilecegi diisliniilmektedir.
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Genis Ozet
Giris
Ogrencilerin bilimsel okuryazarlik seviyelerinin belirlenmesi, miifredattaki son
degisikliklerin kapsamini ve Tiirkiye'deki egitim reformlarinin amaglarin1 belirlemek

agisindan dnemlidir. PISA (Uluslararas1 Ogrenci Degerlendirme Programi) egitim ve dgretimi
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izlemek icin periyodik olarak veri toplayan uluslararasi bir degerlendirme programidir.
Tiirkiye'de grencilerin ortalama bilim okuryazarligi, Ekonomik Is birligi ve Kalkinma
Orgﬁtﬁ (OECD) tilkeleri ortalamasimin altindadir (MEB, 2003, 2006, 2009, 2012, 2018).
Tirkiye'nin fen miifredat: uluslararasi1 arenadaki gelismelere paralel olarak periyodik olarak
giincellenmekte ve sinif 6gretmenlerinin uygulamalar ¢esitli mesleki gelisim programlari ile
desteklenmektedir (MEB, 2005, 2013, 2018). Bununla birlikte, PISA testlerinin sonuglari,
agirlikli olarak fen okuryazarligi olan PISA simavlarinda (PISA 2006, PISA 2015), program
reformlarinin ve mesleki gelisim uygulamalarinin Tirkiye'deki 6grencilerin fen puanlarini
artirmadigin1 gostermistir (Tablo 1). Tiirkiye’nin fen performansini arttirmak icin, yapilan
uluslararas1 smavlarda oOgrencilerin fen performansim1 hangi degiskenlerin etkilediginin
belirlenmesi 6nem arz etmektedir. Bu ¢alismanin amaci, 6grencilerin fen performansi ile
O0grenme ortami, duygusal Ozellikler ve demografik ozelliklerle ilgili bir dizi degisken

arasindaki iligkiyi hiyerarsik dogrusal modelleme (HLM) yaklagimi kullanarak incelemektir.

Yontem

Bu c¢alismanin 6rneklemini PISA 2015 calismasinin Tirkiye kismi olusturmaktadir.
2015 yilinda iilke genelinde 159 farkli liseye devam eden 5581 adet 9 ve 10. sinif 6grencisi
PISA smavina katilim saglamistir. Bagimli degisken, SCIENCE, 6grencilerin fen igerik bilgi
diizeylerini belirlemek iizere tasarlanmig siirekli bir degiskendir. Degerlendirilen bagimsiz
degiskenler; duyussal ozellikler, 6grenme ortami ve demografik Ozellikler olarak {i¢ ana
kategoride gruplandirilmistir (Tablo 2). Olgeklerin giivenilirlik diizeyleri PISA raporundan
elde edilmistir (OECD, 2015a). Bagimli ve bagimsiz degiskenler arasindaki iliski iki diizeyli
HLM modeli kullanilarak incelenmistir. Alt diizey 6grenci diizeyi, iist diizey ise okul diizeyi
olarak belirlenmistir. Sonraki asamalarda biri bos olmak {izere toplam 5 model olusturulmus
ve bu modellerin agikladiklar1 varyans miktarlari incelenerek, hangi degisken grubunun
ogrenci fen performansini ne diizeyde etkiledigi arastirilmistir. Model 0, herhangi bir
bagimsiz degisken icermeyen bos modeldir. Bu model toplam varyansin ne kadarinin grup
tyeliginden (aym1 smifta 6grenci olmak) kaynaklandigini belirlemek i¢in kullanilmuastir.
Model 1, duyusgsal ozellikleri igeren bagimsiz degiskenlere sahiptir. Model 1'i kullanmanin
amaci, duyussal ozelliklerin fen basarisiyla ne kadar iliskili oldugunu gérmektir. Model 2,
ogrenme ortami ile ilgili 6zellikleri 6lgen bagimsiz degiskenleri icermektedir. Model 3,
ogrenci ve okullarin demografik ozelliklerini igeren degiskenleri igermektedir. Model 4,

onceki li¢ modelde yer alan tiim bagimsiz degiskenleri i¢geren modeldir.
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Bulgular

Bulgular, 6grencilerin fen performansi ile demografik 6zellikleri arasindaki iliskinin,
fen performansi ile duyussal alan ve dgrenme ortami arasindaki iligkiden daha giiglii oldugunu
ortaya koymustur. Fen performansini acgiklama noktasinda degiskenlerin etki biiyiikliikleri en
bliyiigiinden en kiicligiine sirayla su sekildedir; sosyo-ekonomik diizey, okul tiirii, sif
diizeyi, cinsiyet, sorgulama temelli Ogretim etkinliklerinin kullanilmasi, epistemolojik
inanglar, bilimden zevk alma, 6z yeterlik, Ogretimin adaptasyonu, fen konularmna ilgi,
ogretmen merkezli 6gretim, 6gretmen destek diizeyi, siniftaki disiplin ortami, motivasyon ve
aragsal motivasyondur. Ogrencilerin demografik 6zelliklerinden sosyoekonomik durum,
cinsiyet ve smif diizeyi ile bagimli degisken olan fen performansi arasindaki iliskilerin
istatistiksel olarak anlamli oldugu ortaya ¢ikmistir. Ayrica, Ogrencilerin  duyussal
ozelliklerinden epistemolojik inanglar, fenden zevk alma, 6z yeterlik ve fen konularma ilgi
gosterme degiskenleri ile fen basarisi arasindaki iliskinin de anlamli oldugu gézlemlenmistir.
Buna karsin, 6gretim ortaminin 6zellikleri ile ilgili degiskenlerden yalnizca fen etkinliklerine
katilma diizeyi ile fen performansi arasindaki iligkinin istatistiksel olarak anlamli olmadigi
fark edilmistir. Bu kategorideki diger degiskenlerle fen performansi arasindaki iliskinin
anlamli oldugu tespit edilmis, ancak bu degiskenler sayesinde aciklanabilen ilave varyans

(bos model baz alindiginda) 0.1 diizeyinin altindadir.

Sonug¢ ve Tartisma

Bulgular 6grencilerin fen performanslarini olusturan varyansin biiyiik bir kisminin
Model 3 (6grencilerin demografik oOzellikleri) ile agiklanabilecegini gostermistir. Bu
modeldeki iki degiskenin (TRATIO ve SCTYP) disindaki degiskenlerin (SES, GENDER ve
GRADE) 6grencilerin fen performansi ile istatistiksel olarak anlamli bir iliski i¢inde olduklari
tespit edilmistir. Sonug¢ olarak, Tiirkiye'deki fen performansinin Oncelikle demografik
Ozellikler tarafindan belirlendigi ileri siiriilebilir. Buna ilave olarak, dgrencilerin fen dersine
yonelik tutum ve inanglarinin fen performanslarmma olan etkisi 6grenme ortaminin
ozelliklerine nispeten daha fazladir. Model 3'te bulunan degiskenlerden biri olan SES’in
(sosyo ekonomik statii) etki biiyiikligi bariz bir sekilde diger degiskenlerin oniindedir. Bu
bulgu literatiirdeki diger calismalarla tutarlilik gostermektedir (Alivernini & Manganelli,
2015; Sun et al. 2012). SES’e yakin etki biiyiikliigline sahip bir diger degisken okul tiirii
(SCTYP) degiskenidir. Bu degiskenin etki biiyiikliigli, 6zel okullarda okuyan 6grenciler ile
devlet okullarindaki Ogrenciler arasindaki farki yansitmaktadir. Parametrenin istatistiksel

olarak anlamli olmamasinin nedeni 6rneklemde yer alan okullarin yalnizca % 4'liniin 6zel
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okul olmasindan kaynaklanmis olabilir. Bu bulgu Avustralya 6rnegi ile tutarli olsa da (Perry
& McConney, 2004), Singapur 6rnegi ile tutarli degildir (Areepattamannil et al., 2015). Perry
& McConney (2004) c¢alismalarinda Avustralya'daki yiliksek sosyoekonomik diizeydeki
ogrencilerin ¢ogunun 6zel okullarda o6grenim gordiigini belirtmistir. Okul tiirliniin
Tiirkiye'deki 6grencilerin fen performansina etkisi de okul tiirleri arasindaki imkan ve kaynak
farkliligindan kaynaklaniyor olabilir. Calismamiz bu 6ngoriiyli destekler niteliktedir. Buna ek
olarak, OECD 2004 raporu, okul tiirleri arasinda hi¢bir fark bulunmayan daha kapsayici okul
sistemlerinin (6r. Kanada ve Finlandiya) daha yiiksek performans elde etmede etkili olacagini
belirtmektedir. Etki biiyiikliigline gore SES ve SCTYP degiskenlerini sirasiyla GRADE (sinif
diizeyi) ve GENDER (cinsiyet) degiskenleri takip etmektedir. Arastirma bulgularina gore,
erkek oOgrencilerin fen performanslarinin kiz 6grencilerin fen performanslarindan daha
yiiksektir. Literatiir incelendiginde, bu bulgularin diger c¢aligmalarin bulgulariyla uyumlu
oldugu bulunmustur (Areepattamannil et al. 2015; Lam & Lau, 2014). Bu c¢aligmada
cinsiyetle ilgili bulgular, Tirkiye ornekleminin dnceki PISA c¢alismalarina gore farklilik
gostermektedir. Fen performansi ve cinsiyet arasindaki iliskiyi inceleyen Tiirkiye orneklemli
onceki caligmalar, cinsiyet degiskeninin kiz 6grenciler lehine fen performans farkina sahip
oldugunu bildirmistir (Akkus, 2008; Giirsakal, 2012). Tirkiye'de sosyoekonomik olarak
dezavantajl ailelerde kizlarin okula gitme oranlarinin diisiik oldugu bilinmektedir (Kocabas
Aladag ve Yavuzalp, 2004). Bu ¢aligmada, dezavantajli gruplardan PISA 2015 uygulamasina
katilan kiz 6grencilerin orani, 6nceki PISA uygulamalarindan daha diisiiktiir ve bu, erkek ve

kiz 6grenciler arasindaki farkin azalmasina neden olmus olabilir.

Oneriler

Bu calisma, yeni hedefler ve reformlar hakkinda Tiirkiye'ye rehberlik edecek onemli
ipuclar1 ortaya koymaktadir. Bu bulgulara dayanarak, 6zellikle demografik degiskenler ve
kapsayic1 okul sistemlerinin insasi baglaminda esit firsatlar saglayabilen iyilestirmelerle,
ogrencilerin fen performanslarini artirmanin, performans: etkileyen degiskenler dikkate
alimarak miimkiin oldugu diisiiniilmektedir. Politikacilarin ve egitim programcilarinin bunu

dikkate almasi Onerilmektedir.
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Abstract — The purpose of this study is to investigate the variables related to science performance of 9™ and 10"
grade students in Turkey portion of PISA 2015, by using hierarchical linear modeling (HLM) approach. The
findings revealed that the relationship between the science performance and demographic characteristics of the
students is stronger than the relationship between science performance and the affective domain as well as the
learning environment. Based on these findings, it is thought that improving students’ science performance is
possible by taking into account the variables that affect the success, especially with improvements that can
provide equal opportunities in the context of demographic variables and the construction of inclusive school

systems.
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Introduction

Science literacy is defined as the understanding of science by individuals and using
them in a scientific and technological discussion outside of school (Ryder, 2001). Developing
scientifically literate individuals who can keep up with the rapid development and progress in
science and technology in the globalized world is the main goal of the many science
education programs (Ministry of National Education [MoNE, Turkey], 2018; Next Generation
Science Standards [NGSS Lead States], 2013). The evaluation of the findings from various
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assessment programs at international level is important in terms of determining the extent to
which educational services reach their goals. PISA (Program for International Student
Assessment) is one of the assessment programs, findings of which could be used for that
purpose. Turkey has been participating in the PISA project since 2003. Average science
literacy of students in Turkey was below the average of Organization for Economic Co-
operation and Development (OECD) countries (MoNE, 2003, 2006, 2009, 2012). According
to the last test results in 2018, although Turkey has increased the score in the area of scientific
literacy is still below the average of OECD countries. In addition, as can be seen from the
table below, the average of science literacy in exams in 2006 and 2015, which were
predominantly examined for science literacy, has decreased compared to previous years.

Table 1 Turkish Students’ Science Literacy Average in PISA Tests
PISA 2003 PISA 2006 PISA 2009 PISA 2012 PISA 2015 PISA 2018

Average 435 424 454 463 425 468

The bold averages show that the exam is predominantly science literacy.

The level of Turkish students’ performance in PISA shows that the objectives of the
latest educational reforms were not achieved (Acar & Ogretmen, 2012; Ozdemir, 2010).
Turkey's science curriculum is updated periodically in parallel with the developments in the
international arena, and practices of teachers in the classroom are supported by a variety of
professional development programs (MoNE, 2005, 2013, 2018). However, the results of PISA
tests showed that program reforms and the implementations of professional developments
failed to increase the level of students’ science scores in Turkey in PISA exams which are
predominantly science literacy. As a result, it becomes essential to revisit the variables on
which new development programs delivered to see to what extent they are related to students’
science scores.

When examining the literature on this subject, it was seen that there are limited analyses
using directly the data from Turkey’s PISA test. In a study was conducted by using the data
from PISA, Ozdemir (2017) examined 97 studies carried out using Turkish PISA data, and the
results were very remarkable. In more than half of the studies analysis in Ozdemir’s (2017)
study, it was reported that using PISA data performed no original analysis and the results of
this studies had already published by OECD and MEB. In the majority of the articles in which
the original analyzes were conducted, it was stated that the methodological requirements were

not followed (e.g., sample weights, possible values, and software used for analysis) and thus
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the analyses were far from being reliable (Ozdemir, 2017). The findings of Ozdemir’s (2017)
study clearly demonstrate the necessity of the studies to be done using the original analysis
with using Turkey's PISA data. This study seeks to examine a host of factors using HLM
(hierarchical linear modeling) in order to give a more holistic picture to account for the

science performances of Turkish students in PISA 2015.

Literature Review
In this section, the literature review related to a group of variables, which are measured
in PISA evaluations and which can be related to students’ performance, are presented under

three main headings.

Students’ Affective Characteristics on Science Performance

The findings of the studies conducted with PISA data show that variables about
students’ affective characteristics such as self-efficacy, enjoyment from the science, interest in
science and motivation for success are related to student performance. For example, in a study
using PISA 2006 Hong Kong data, it was reported that “self-efficacy” and “enjoyment from
science”, which are considered among attitudinal factor, play an important role for acquiring
science objectives (Lam & Lau, 2014). In this context, another study conducted with PISA
2006 Hon Kong data revealed that students’ science performance was significantly associated
with students’ motivation and self-efficacy (Sun, Bradley, & Akers, 2012). In a study in
which the factors related to the success of East Asian countries were analyzed using the 2009
data, it was revealed that the effect of general interest in science learning on students’ science
performance was found to be positive relation at the country level, while the effect of students
science topic interest was negative relation (Bybee & McCrae, 2011).

When the literature is examined, it can be seen that epistemological beliefs may be one
of the affective characteristics, which may affect students’ learning and performance (Muis,
Bendixe & Haerle, 2006). However, it is seen that the findings in the context of the
relationship between scientific epistemological beliefs and student performance are
inconsistent. For example, in a study that examined the relationship between students’
epistemological beliefs and their performance in a comprehension test formed from PISA
2006 questions, it was revealed that there is no linear relationship between the students’
scientific epistemological beliefs and their conceptual understanding (Sadi¢ & Cam, 2015). In

another study, it was revealed that the epistemological beliefs about the development of
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scientific knowledge directly affect the content knowledge (Mason, Boscolo, Tornatora, &
Ronconi, 2013).

The instrumental motivation of the student (instrumental motivation to science learning)
can also be considered as one of the affective characteristics associated with success (MoNE,
2016). Instrumental motivation is that students are willing to learn science and be willing to
care for themselves and their future careers (Wigfield & Eccles, 2000). In a study in which
PISA 2003 data was used to examine factors affecting student and school level that affect the
mathematics performance of Korea, Japan and America, instrumental motivation was found
to be one of the factors predicting student performance (Shin, Lee, & Kim, 2009). On the
other hand, in a study using Turkey PISA 2015 data, it was established that there is no
significant relationship between students’ science performance and instrumental motivation
(Yetisir, Bati, Kahyaoglu & Birel, 2018).

Learning Environment Characteristics on Science Performance

One of the characteristics of the learning environment is the disciplinary climate in
class. The findings of studies investigating the effect of variables related to the learning
environment on student performance are inconsistent. For example, in a study using the 2006
and 2009 data of 10 developed OECD countries (Korea, Japan, Australia, Germany, France,
UK, USA, Italy, Spain), it was revealed that the disciplined classroom environment was
positively related to student performance (Sousa, Park & Armor, 2012). However, a strict
classroom discipline in the school does not guarantee high academic performance (Giizel &
Berberoglu, 2005). In contrast to countries such as Japan and the USA, which have high
reliance on disciplinary action strategies, Finland has a lower disciplinary climate, but has
higher rank in PISA assessments (Ning, Van Damme, Van Den Noortgate, Yang & Gielen,
2015).

One of the other characteristics of the learning environment is the way of teaching.
Some of the variables related to how teaching is done such as inquiry-based or teacher-
centered, students’ science activities, the level of support of learning by the teacher, perceived
feedback by the student, and the re-arrangement of the course according to needs. Inquiry-
based teaching is defined as a more student-centered type of teaching where the teacher-led
learning experiences are progressively reduced (Wise & Okey, 1983). Similarly, studies on
the effect of preference of inquiry-based instruction on teaching on science performance are

also inconsistent. Some studies reported a positive effect (Jiang & McComas, 2015; Minner,
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Levy & Century, 2010) while some studies reported negative effects (Cairns &
Areepattamannil, 2017).

Demographic Characteristics on Science Performance

Studies show that the gender variable is one of the demographic variables associated
with the success of the students (Areepattamannil, 2014; Lam & Lau, 2014). In a study
conducted with PISA 2006 Hon Kong data, it was revealed that the students’ science
performance was significantly related to the gender of the students (in favor of male students)
(Sun et al. 2012).

Research shows that socioeconomic status is one of the demographic variables related
to student performance (Alivernini & Manganelli, 2015; Sun et al. 2012). In a study
conducted using PISA 2003 Australian data, the impact of school socioeconomic level on
students’ performance was investigated, and it was revealed that increases in the average
socioeconomic level of a school were related to consistent increases in students’ academic
performance and this relationship was similar for all students regardless of individual

socioeconomic levels (Perry & McConney, 2004).

Type of school (in favor to public) and average number of students per teacher in a
school are another demographic variables related to student performance. But the results of
research on these variables are inconsistent. For example, in a study which PISA 2009
Singapore data were used, it was found that the type of school (public or private), number of
students per teacher, quality of educational resources of the school, and student and teacher
behaviors affecting school climate of school-level variables were not significantly related to
students’ science performance (Areepattamannil, Chiam, Lee & Hong, 2015). In contrast to
this study, in a study evaluating the 2006 and 2009 data of 10 developed OECD countries, it
is revealed that the type of school (in favor to public school) is positively related to student
performance and the number of students per teacher is not related to student success (Sousa et
al. 2012).

Aim of the study

The purpose of this study was to investigate the relationship between students’ science
performance, and a set of variables that are related to learning environment, affective
characteristics, and demographics. The dataset use is the Turkey portion of PISA 2015. The
aim of this study is to examine the 2015 PISA data, as this is the last exam that is focused on

NEF-EFMED Cilt 14, Say1 1, Haziran 2020/ NFE-EJMSE Vol. 14, No. 1, June 202
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science literacy field; therefore, variables related to science (eg affective domain) were

measured in this exam.

Method

Sample

Turkey portion of the PISA 2015 was used as the sample of this study. There were 5581
students who attended 159 high schools across the country. Students were either 9 or 10%"
grade. The demographic characteristics of the students such as grade, gender, and school type

are displayed in Table 2.

Table 2 Characteristics of The Sample

School Type Gender 9" grade 10" grade Total
Female 244 (4%) 843 (15%) 1087 (19%)
Vocational
Male 464 (8%) 914 (16%) 1378 (25%)
Female 250 (4%) 1429 (26%) 1979 (35%)
High school
Male 315 (6%) 1122 (20%) 1437 (26%)
Total 1273 (23%) 4308 (77%) 5581 (100%)
Variables

The dependent variable, SCIENCE, was measured as a continuous variable and it is the
science content knowledge subscale of PISA assessment. Performance levels indicated by this
variable were quantified using binary item response theory models (De Ayala, 2013). The
independent variables considered were grouped into three main categories as affective
characteristics, learning environment, and demographics (Table 2). The reliability of the
scales was obtained from the PISA report (OECD, 2015a).

Table 2 Independent Variables”

Domain Variable Number of items Scaling Reliability
EPIST 6 Continuous IRT 0.92
JOYSCI 5 Continuous IRT 0.94

Affective SCIEEFF 7 Continuous IRT 0.89

characteristics INTBRSCI 4 Continuous IRT 0.85
INSTSCIE 4 Continuous IRT 0.90
MOTIVAT 5 Continuous IRT 0.84

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
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DISCLISCI 5 Continuous IRT 0.89
IBTEACH 8 Continuous IRT 0.89
TEACHSUP 5 Continuous IRT 0.91
Learning environment TDTEACH 4 Continuous IRT 0.80
PERFEED 5 Continuous IRT 0.91
ADINST 3 Continuous IRT 0.81
SCIEACT 9 Continuous IRT 0.94
GRADE 1 Binary -
GENDER 1 Binary -
Demographics SES 9 3 continuous subscales 0.68
SCTYPE 1 Binary -
TRATIO 1 Continuous -

“EPIST: epistemological beliefs; JOYSCI: enjoyment of science; SCIEEFF: science self-efficacy; INTBRSCI:
interest in broad science topics; MOTIVAT: student attitudes, preferences and self-related beliefs, achieving
motivation; DISCLISCI: the disciplinary climate in a science class; IBTEACH: inquiry-based science teaching
and learning practices; TEACHSUP: teacher support in a science class; TDTEACH: teacher directed science
instruction; PERFEED: perceived feedback; ADINST: adoption of instruction; INSTSCIE: instrumental
motivation; SCIEACT: students’ science activities; SES: socio-economic status; GRADE: whether a student is a
9th grade or 10th grade; SCTYPE: whether a school is public or private; TRATIO: average number of students
per teacher in a school; GENDER: male or female; HISEI: Highest parental occupational stat; PARED: Highest
education of parents in years; HOMEPQOS: home possessions including books in the home; IRT: Item response
theory; Reliability: The reliability values are of Turkey sample.

The measurement scales within affective characteristics and learning environment
categories had four-point Likert type items and were generated using partial credit item
response theory models (Muraki, 1992).

Data Analysis

Using Multilevel Models

When the data has a nested structure such as students nested in schools, patients nested
in clinics, kids nested in families, use of HLM rather than ordinary least squares methods is
more appropriate (Finch, Bolin & Kelley, 2016). In PISA studies, the sampling method was a
two-stage stratified sampling (OECD, 2015b) meaning that schools were randomly selected
from the population of schools, then participants were selected from the school that were
selected, which implies that the data has a nested structure. In this context, the use of a HLM
would be more realistic since the assumption of independence of observations put forward by

the traditional methods is violated.

A two-level HLM was used as the lower level was the student level, and the higher level
was the school level. Then, the second step was to test a null model and four other models that
had the random intercepts and fixed slopes (Snijder & Bosker, 1999) (Table 4).
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Model 0 was the empty model that does not contain any independent variable, which is
used to see how much of the total variance is accounted for by the group membership as well
as the baseline model for comparison. Model 1 has the independent variables that were
measures of the affective characteristics. The purpose of using Model 1 is to see how affective
characteristics are related to science performance. Model 2 includes independent variables
that measure characteristics related to the learning environment. Model 3 contains
demographic variables of students and schools. Model 4 was the model containing all of the
independent variables that were included in the previous three models. The interval or ratio
level independent variables in each model were grand-mean centered so that the interpretation
of the intercepts could be meaningful.

Table 4 Models and The Independent Variables

Model* Level-1 1Vs Level-2 IVs

Model 0 - -

Model 1 EPIST, JOYSCI, SCIEEFF, INTBRSCI, MOTIVAT, -
INSTSCIE

Model 2 DISCLISCI, IBTEACH, TEACHSUP, TDTEACH, -

PEFEED, ADINST, SCIEACT

Model 3 GRADE, GENDER, SES SCTYPE, TRATIO

Model 4 EPIST, JOYSCI, SCIEEFF, INTBRSCI, MOTIVAT, SCTYPE, TRATIO
DISCLISCI, IBTEACH, TEACHSUP, TDTEACH,
PEFEED, ADINST, INSTSCIE, SCIEACT, GRADE,
GENDER, SES

“All of these models are intercepts-only models; 1V: independent variable; Level-1: student level; Level-2:
school level.

Baseline Model and The Intra-class Correlation Coefficient
First of all, a baseline model which does not contain any independent variables was run
to determine how the variance components were partitioned among the two levels. Model 0

was displayed in equation below where i represents students, j represents schools, 7;;
represents level-1 residuals, u,; represents level-2 residuals, f,; represents random effects,

and y,, represents fixed effects.

PVlSKCOU = BO] + rijwhereﬁoj =Yoo + uoj

The intra-class correlation coefficient (ICC;p) representing the proportion of the

variance accounted by the grouping variable (school membership) was calculated. The
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calculation of ICC is as displayed below where 7,, represents level-2 variance whereas o2

represents level-1 variance.

Additional Variance Explained

In a two-level HLM, variance is partitioned among the two levels; therefore, the amount
of variance explained at each level needs to be calculated. The equations below, offered by
Snijder and Bosker (1999), display how the additional variance is explained at each level. The
RZ, and R?, represent the proportion of the amount of variance explained at level-1 and level-
2, respectively. In the equations, o represents within class variance, T represents between
class variance, m0 represents baseline model, m[i] represents the model for which the
amount of additional explained variance to be calculated, B stands for the average school

sample size.

O-ﬁl[i] /B + Tm[i]
020/B + Tmo

2
Omo T Tmo

Rf, =1-—

In Model 1, the relationship between SCIENCE and affective characteristics towards
science is examined. Model 1 had level-1 predictors with fixed slopes and random intercepts.
In other words, it was assumed that the average science performance level differed from
school to school but the magnitude of the relationship between science performance and

affective characteristics towards science remained constant among the schools.

SCIENCE;; = Bo; + B1;(EPIST) + B,;(JOYSCI) + f33;(SCIEEFF) + f,;(INTBRSCI) +
Bs;(MOTIVAT) + B6;(INTSCIE) + 1;;

Boj = Yoo + UojB1j = Y10i B2j = Y20 B3j = V30; Baj = Ya0; Bsj = Vs0; Bsj = Yeo

Model 2 examines the relationship between SCIENCE and students’ perceptions on
learning environment, teacher, and teaching method. All of the variables used in this model
were student level variables with the following labels DISCLISCI, IBTEACH, TEACHSUP,
TDTEACH, PEFEED, ADINST, and SCIEACT. This model is also a random intercepts

model.
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SCIENCE;; = Bo; + B1;(DISLISCI) + B, ;(IBTEACH) + fB5;(TEACHSUP) +

B4j(TDTEACH)+ps;(PEFEED)+f;(ADINST) + fB,;(SCIEACT) + 1;;

ﬁOj =Yoo + uojﬁlj = V1o;ﬁ2j = Vzo;ﬁ3j = V30}ﬁ4j = V4o;ﬁsj = Vsoiﬁsj = Yso},87j =770
Model 3 was used to investigate the relationship between SCIENCE and the

demographic characteristics of students. Just like the previous models, this was also a random

intercepts model. GRADE, GENDER, SES, SCTYPE, and TRATIO are used as independent

variables. GRADE, GENDER, and SES were level-1 variables whereas SCTYPE and
TRATIO were level-2 variables.

SCIENCE;; = Boj + B1;(GRADE) + B,;(GENDER) + B5;(SES)+r;
Boj = Yoo t Y01(SCTYPE) + yo,(TRATIO) + uyif1j = Y10; B2j = V205 B3j = V30
Model 4 was the model that included all of the independent variables used in the

previous 3 models. There are a total of 16 independent variables included. This model was

also a random intercepts model as the previous models.

SCIENCE;; = Bo; + B1;(EPIST) + B,;(JOYSCI) + B5;(SCIEEFF) + B,;(INTBRSCI) +
Bs;(MOTIVAT) + Be,;(DISLISCI) + B,;(IBTEACH) + B3 ;(TEACHSUP) +
Bo;(TDTEACH)+p10;(PEFEED)+By1;(ADINST) + B, ;(INSTSCIE) + By3;(SCIEACT) +
B14;(GRADE) + By5;(GENDER) + B14;(SES) + 1

Boj = Yoo + Y01(SCTYPE) + yo,(TRATIO) + wyif1j = Y10B1j = Y10 B2j = Y20 B3j =
Y301,34j = Y401,35j = )’soiﬁaj = V60;ﬁ7j = V70/38j = Ysoiﬁtaj = V9oiﬁ10j = V100i.311j =

)’1102312j = V1zoiﬁ13j = V1302/314j = V1401/315j = V150iﬁ16j = Y160,

Model-data Fit and Comparison of Models

Some of the very common comparative fit indices that were used to compare a variety
of nested models are AIC (Akaike, 1987), BIC (Bozdogan, 1987) and DIC. All of these
statistics are approximations of chi-square model-data fit index that could be used to see if
there was any improvement in model-data fit when comparing a variety of nested models.
Smaller values of AIC, BIC, DIC are indication of the improvement in model-data fit. Since
these three statistics are not absolute, chi-square likelihood-ratio tests for comparing the
nested models will be conducted in order to see if additional parameters improve the fit

significantly.
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Effect Sizes

The parameters estimates were converted to effect sizes so that the relative importance
of the variables could be judged. In order to achieve that goal, a statistics equivalent to
Cohen’s d pointed out by Spybrook, Raudenbush, Liu, Congdon, and Martinez (2006) was
used. The formula used to calculate the effect sizes is below:

?01
V82 + £

0=

Estimation and Software

Maximum-likelihood was used as the method of estimation due to its flexibility offered
in comparing nested models. Another property that makes maximume-likelihood preferable is
that it can produce more precise results when there is great flexibility in the sample size of the
higher levels (Albright & Marinova, 2010). The data was analyzed using R software (R Core
Team, 2018) version 1.1.4402 and Mplus 6 (Muthen & Muthen, 2007. The R packages that
were used to run the analyses were Ime4 (Bates, Méachler, Bolker & Walker, 2014), Ggplot2
(Wickham, 2016) and Naniar (Tierney, Cook, McBain & Fay, 2018), and mitml (Grund,
Robitzsch & Luedtke, 2018).

Findings

Handling Missing Data

The dependent variable (SCIENCE) and the demographic variables did not have any
missing values; however, independent variables had missing data by the amount varying from
a variable to another one. Figure 1 displays the pattern of missingness as it appears in the
data. There were 37 cases that had missing values on the type of school they were attending.
These cases were removed from the dataset. After the screening for missing data and removal
of the cases mentioned above, the sample size reduced from 5581 to 5544. A series of
analyses were performed to determine the nature of missingness, and the data was found to be
missing at random (MAR; Enders, 2010). The mechanism of the missing data was dependent
on science performance (SCIENCE) and socio-economic status (SES). Therefore, a joint
multiple imputation approach, implemented in the R package ‘mitml’ (Grund, Robitzsch,
Luadtke, 2019), was applied which involved both variables containing missing values as well
as the plausible values (SCIENCE, SES etc.) provided in PISA. Imputation of missing data

was a little complex since there were 10 plausible values for SCIENCE, and 10 plausible
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values for SES. Using the 10 pairs (SCIENCE and SES) of plausible values, 5 imputation
datasets for each pair were generated using mitml (Grund, Robitzsch & Luedtke, 2018)
implemented in R. As a result, a total of 50 datasets were generated for further analysis. The
imputation method was a model-based method that used a two level HLM. The estimation of
missing observation was done via Bayesian approach using 500 burn-in iterations followed by

5000 actual iterations.

Intersection Size

55 E S ety 000302222222

JOYSCIE_NA L]
EPIST NA [ ] I
SCIEEFF_NA (] I I
INSTSCIE_NA (] ] I )
SCIEACT NA ] I
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TEACHSUP NA
IBTEACH NA ]
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[
[}

INTBRSCI_NA
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‘ 269 :
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Figure 1 The Pattern of Missing Data Across Independent Variables
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The imputed datasets having the plausible values, were analyzed using Mplus version 6
(Muthen & Muthen, 2007). Table 5 displays the fixed parameter estimates, their statistical
significance, effect sizes, random effects, the percentage of the additional variance explained,
and the model-data fit statistics. All of the values displayed in the table are a summary of the

50 imputed datasets.
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Fixed effects:

Model 0 Model 1 Model 2 Model 3 Model 4

Est. SE t Est. SE Eta p Est. SE Eta p Est. SE Eta p Est. SE Eta p
Intercept 419 454 92 419 4.3 - * 419 443 - * 441 8.30 - * 438 6.86 - *
EPIST - - - 6.24 1.06 0.08 * - - - - - - - - 1.31 1.09 0.03 0.23
JOYSCI - - - 581 0.97 0.07 * - - - - - - - - 4.27 1.08 009 ~*
SCIEEFF - - - 444 105 006 * - - - - - - - - 3.55 0.97 0.07 *
MOTIVAT - - - 129 125 0.02 0.30 - - - - - - - - -0.32 1.26 -0.00 0.79
INTBRSCI - - - 293 1.11 0.04 =* - - - - - - - - 2.04 096 004 *
INTSCIE - - - -11 117 -00 033 - - - - - - - - 0.60 154 001 0.69
DISCLISCN - - - - - - - 1.75 100 0.02 0.08 - - - - -0.36 1.07 -0.00 0.73
IBTEACH - - - - - - - -7.21 1.02 -0.09 * - - - - -2.56 1.04 -005 ~*
TEACHSUP - - - - - - - 239 118 0.03 * - - - - 0.17 1.34 0.00 0.89
TDTEACH - - - - - - - 296 112 0.04 * - - - - 1.45 1.37 0.03 0.29
PERFEED - - - - - - - -3.16 1.17 -0.04 * - - - - -1.34 1.20 -0.03 0.26
ADINST - - - - - - - 419 139 005 * - - - - -0.43 1.19 -0.00 0.71
SCIEACT - - - - - - - 0.29 1.01 0.00 0.77 - - - - -1.20 1.16 -0.02 0.30
GENDER - - - - - - - - - - - 7.63 191 015 ~* 8.24 193 017 ~*
SES - - - - - - - - - - - 5459 143 112 * 5294 152 111 *
GRADE - - - - - - - - - - - -7.71 230 -0.16 * -7.78 230 -0.16 *
TRATIO - - - - - - - - - - - 1.04 231 0.00 0.65 0.70 231 0.00 0.75
SCTYP - - - - - - - - - - - -1423 8.96 -0.28 0.11 -10.88 7.08 -0.27 0.12

Random effects:

Model0 Modell Model2 Model3 Model4
Residual 1; j 3388 3242 3323 1845 1789
Intercept Ug 3367 2796 2883 509 486
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Explained additional variance:

Model0 Modell Model2 Model3 Model4
Additional RZ; 0.06 0.03 0.63 0.64
Additional sz 0.08 0.05 0.82 0.82

Model-data fit**:

Model0 Modell Model2 Model3 Model4
AIC 61347(80) 61106(91) 61249(93) 67462(70) 67313(71)
BIC 61367(80) 61165(91) 61315(93) 67528(70) 67465(71)
DIC 61338(78) 61085(90) 61226(92) 57794(71) 57619(71)

*Statistically significant finding at alpha=0.05 finding;** Values inside the parenthesis are standard deviations of the estimates across 50 imputed datasets. SE: Standard error
of the fixed effect; Bold text: statistically significant finding at alpha=0.05; Intercept: Uy = the residual of the intercept for school j; Residual: 7;;= the residual for it
student and j™ school; Rflz the proportion of the additional variance explained at level-1 when predictors were added to the empty model. szz the proportion of the

additional variance explained at level-2 when predictors were added to the empty model; AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria; DIC:
Deviance Information Criteria; loglik: log-likelihood; df: degrees of freedom. Eta: relative importance of a predictor in a model in the form of a z-score.
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The intra-class correlation coefficient was as 0.47 using Model 0, which would be
considered as large. This size of an ICC justifies the use of an HLM model given the structure
of the data (Cohen, Cohen, West & Aiken, 2003). The meaning that could be attached to this
ICC is that 47% of the variability found in the science performance is due to the school
students attend. In other words, there is a great amount of performance gaps among the
schools, which can explain 48% of the variability in SCIENCE. The additional amount of
variance explained by Model 1 on top of Model 0 were 6% and 8% for level-1 and level-2,
respectively. Further, the model-data fit statistics (AIC, BIC, DIC) of Model 1 showed
improvement compared to Model 0. As displayed in Table 6, EPIST had the largest effect size
(0.08) implying that it is the strongest predictor of science performance among the

independent variables listed for Model 1.

Model 2 had 7 independent variables that were used to investigate the relationship
between learning environment and science performance. Two of the 7 independent variables,
SCIEACT and DISCLISCN, did not have statistically significant slope estimates. The
inclusion of these 7 independent variables explained 3% and 5% additional variance of
science performance at level-1 and level-2, respectively. The model-data fit statistics showed
that Model 2 fits better to the data than Model 0. In terms of effect sizes, ADINST was the

strongest predictor of science performance for Model 2 (64p;ns7 = 0.05).

Model 3 was designed to investigate the relationship between science performance and
demographic variables. Two of the fixed parameter estimates, TRATIO and SCTYP, were not
statistically significant. The amount of additional variance in science performance explained
by the demographics was 63% and 82% for level-1 and level-2, respectively. This model had
a huge improvement in terms of model-data fit compared to Model 0. SES was the strongest
predictor of science performance in this model with a very large effect size of 1.12 which was
followed by SCTYP, that had an effect size of -0.28 favoring students who attend to the
private schools.

Lastly, Model 4 was run with all of the independent variables used in the previous 3
models. This model was able to explain 64% and 82% additional variance of science
performance at level-1 and level-2, respectively. This model had 7 out of 18 independent
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variables that were statistically significant. This model had better model-data fit than all other
models based on the model-data fit statistics displayed in Table 5.

Chi-square (X?2) difference tests were run to compare the nested models in terms of
model-data fit. Only models that are nested could be compared using a chi-square difference
test. In other words, Model A is considered to be nested in Model B only if Model B includes
all of the parameters that Model A has. Table 6 displays the chi-square difference tests that

were run to compare the models that were nested.

Table 6 Comparison The Models That are Nested

Model A Model B XGifference df p

Model 4 Model 0 3718.72 18 <0.05***
Model 4 Model 1 3465.92 13 <0.05%**
Model 4 Model 2 3607.01 12 <0.05***
Model 4 Model 3 175.38 11 <0.05%**
Model 1 Model 0 252.90 5 <0.05%**
Model 2 Model 0 111.81 6 <0.05***
Model 3 Model 0 3543.44 7 <0.05%**

***Significant at 0.05; df: degrees of freedom

The findings show that Model 4 has explained more variance than each of the remaining
models as displayed in Table 5. The chi-square difference tests, displayed in Table 6,
comparing Model 4 to the other 4 models showed that the fit of Model 4 to the data
outperformed all the other models. In addition, Model 0 is nested and explained less variance
than each of the remaining models. The chi-square difference tests indicated that each of the
non-empty models (Model 1 through Model 4) explained significantly more amount of
variance than Model 0. What these findings imply is that each of the non-empty models
explained certain number of additional variances that cannot be ignored. Since Model 1,
Model 2, and Model 3 are not nested in one another, it is impossible to compare them to each
other using statistical significance tests. Their fit to the data was approximately examined
using additional variances explained at level-1 and level-2. Using the additional variances
explained, Model 3 was selected as the best model among the three models since it explained
63% and 82% additional variance at level-1 and level-2, respectively. The additional
variances explained by Model 1 were higher than Model 2 as displayed in Table 5.

Result and Discussion

In this study, which examines the relationship between Turkish 9th and 10th grade
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students’ science performance, and a set of variables that are related to learning environment,
affective characteristics, and demographics, it was realized that variables in Model 3, student
demographic characteristics (GENDER, SCTYP, SES, GRADE and TRATIO), are strongly
related to science performance explaining 63% and 83% of the unexplained variance.
Although Model 4 has 13 more independent variables than Model 3, Model 4 was able to
explain only 1% additional variance, which is not a remarkable contribution. These findings
revealed that a large part of the differences among students’ science performances could be
explained by Model 3 (demographic characteristics of students). Except for two of the
variables in this model (TRATIO and SCTYP), the others (SES, GENDER, and GRADE)
were found to be statistically related with the students' science performance. As a result, it
could be concluded that science performance in Turkey primarily effected by demographic
characteristics. Again, it can be said that the attitudes and beliefs of the students towards
science effect their science performance more than the characteristics of the learning
environment. However, their total contribution is way less than student demographic

characteristics.

It was observed that the effect size of the SES (1.12), was clearly ahead of the other
variables. This finding is consistent with other studies in the literature. For example, in two
different studies examining the PISA 2006 data of 25 different countries (Australia, Austria,
Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Japan, South Korea, Luxembourg, the Netherlands, New Zealand, Norway,
Portugal, Spain, Sweden, Switzerland, the UK and the USA), it was found that the
socioeconomic status of the students was significantly associated with science performance
(Alivernini & Manganelli, 2015; Sun et al. 2012).

Another variable that had an effect size close to the SES was the SCTYP variable,
which represents whether the school is a private school or not. The effect of SCTYP reflects
the difference between students studying in private schools and the students in public schools.
The difference between the public schools and the private schools was not statistically
significant most probably due to low sample size and power issues.. In a study that examined
the PISA 2009 dataset in Singapore, Areepattamannil et al. (2015) found that the
socioeconomic level of a school was positively related to science performance while school
type (public or private), number of students per teacher, and quality of the educational
resources of the school did not. Turkey sample compared with a sample of Australia have

similar characteristics in this respect. Perry and McConney (2004) reported that students with
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high socioeconomic status prefer attending private schools in Australia; on the contrary,
students with low socioeconomic status usually have public school option only. Private
schools in Australia have two sources of funding: the state and the parents while public
schools only meet their needs with the funds they receive from the state. Private schools meet
their needs with the fees they receive during registration, and they use these funds to increase
the quality of educational resources. For this reason, public school versus private school
achievement gap in Australia could be due to educational resources (Perry & McConney,
2004). Again, these researchers reported that the educational programs implemented in public
and private schools were not the same since more intense focus is on academic preparations
for university entrance exams, and strict academic curriculum orientation in these schools
might explain the high scores in PISA. There is a similar situation in Turkey that schools
vary on their average socioeconomic status. The effect of the type of school on students'
science performance in Turkey may also be due to similar reasons. In contrast, in a study
evaluating the PISA 2006 and 2009 data of 10 OECD countries, it was pointed out that school
type made a difference on student performance in favor of public school student, except
Australia (Sousa et al. 2012). it can be inferred that in countries where the standards of private
and public schools are the same, the school type does not affect the performances of students.
In a study with Australian data, it was found that the socioeconomic level of the school was
related to the students' science performance levels, and that this relationship was similar for
all students regardless of individual socioeconomic levels (Perry & McConney, 2004). Based
on this, it is thought that, if the differences between the schools are reduced and the
socioeconomic levels of the public schools are increased, the students' performances can be
increased independently of their individual socioeconomic levels. Lastly, OECD 2004 report
states that more inclusive school systems (e.g., Canada and Finland), in which there is no
difference between types of school will both be effective in achieving higher performance
levels, and that students will have less inequality due to different socioeconomic status
compared to more less inclusive school systems (e.g., Australia and Turkey) despite there are
more schools (OECD, 2004).

In terms of effect sizes, SES and SCTYP variables had largest effects followed by
GRADE and GENDER variables, respectively. The research findings in this study revealed
that students at the 10th grade were more successful than the 9" grade students. This is
thought to be due to the fact that the 10" grade students could be more matured on their
science achievement. Further, research findings in this study revealed that male students were

more successful than female students. When the literature was examined, it was found that
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these findings were not consistent with the findings of other studies.-In previous PISA studies
on Turkey sample which examined the relationship between the science performance and
gender, it was reported that gender variable to be positively associated with success in favor
of female students (Akkus, 2008; Giirsakal, 2012). The ratio of females attending to school
from socioeconomically disadvantaged families in Turkey is known to be low (Kocabas
Aladag & Yavuzalp, 2004). Therefore, in PISA 2015, the same phenomena could have led the

girls to score less than the boys.

There were 6 independent variables tested on Model 1. The regression slope estimates
were statistically significant except for MOTIVAT and INSTSCIE. EPIST and JOYSCI
variables follow GENDER in terms of their effect on student science performance (see Table
5). Our findings regarding the effect of epistemological beliefs on student performance are
consistent with the findings in the relevant literature (Mason, et al. 2013; Top¢u & Yilmaz
Tiiztin, 2009). Our findings point out that students' epistemological beliefs can guide their
own scientific knowledge acquisition and give shape to science-learning orientations (Tsal,
2006). This means that students’ epistemological beliefs should be improved in order to
increase their science performance. However, the effect of EPIST on science performance
was 0.08, which is considered as a small effect size. In addition, the finding that the
enjoyment of science variable (JOYSCI) was significantly associated with student
performance was consistent with the field literature (Lam & Lau, 2014; Yetisir et al. 2018).
The findings of the studies in the literature in parallel with our findings suggest that the self-
efficacy variable (SCIEEFF) is positively related to student performance (Alivernini &
Manganelli, 2015; Lam & Lau, 2014). It is expected that the students who have higher-level
efficacy could be more successful. Research findings revealed that instrumental motivation
towards science (INSTSCIE) was not significantly associated with student performance.

Our findings revealed that motivation towards science (MOTIVAT) was not statistically
significant predictor of science performance. Findings on motivation in this study are
incompatible with the PISA 2006 Hong Kong sample (Sun et al. 2012). Student interest and
motivation towards science in Turkey seem to be higher than the OECD average level. They
find themselves more adequate (high-self efficacy) in this area than average of the other
OECD countries. It was also seen that the ratio of students expecting to have a profession
related to science is higher than the OECD average (Tas, Aric1, Ozarkan & Ozgiirliik, 2016).
However, when examining Turkey PISA 2015 results related to science performance tests,

although students' interest and motivation towards science is high, it is noteworthy that they
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remain below the OECD average in science performance tests. This situation supports our
finding that the demographic variables (especially socioeconomic level, school, public school
or private school) have stronger effect on student science performance than the affective
characteristics. Overwhelming influence of variables caused by the students themselves in
Turkey sample shows that the students of the high interest and motivation alone is not
sufficient for them to be successful on their science.

Six of the variables used in Model 2 measuring the instructional environment
characteristics (DISCLISCN, TEACHSUP, TDTEACH, ADINST, IBTEACH, PERFEED)
were found to be significant predictors of student performance. The effect sizes of these
variables were found to be lower than the effect sizes of demographic characteristics and
affective characteristics. The fact that the degree of disciplinary nature of the classroom
environment (DISCLISCN) is significantly associated with student performance is consistent
with Sousa et al. (2012)’s the findings that evaluated PISA 2006 and 2009 datasets. These
findings indicated that increasing the level of discipline in the classroom will increase science
achievement is a myth because the contents high success rate of countries with low
disciplinary levels such as Finland and Singapore refute the idea .

In addition, this study has found an interesting finding on the relationship between the
variable related to ‘how the teaching is done’ and science performance. While the expectation
was exact opposite, it was found that the effect of the inquiry-based science teaching and
learning approach (IBTEACH) on student performance was below 0.1. That is, although the
relationship between IBTEACH variable and student performance seems statistically
significant, it has a low effect size. Research findings in this study are inconsistent with the
findings of other studies in the field literature (Cairns & Areepattamannil, 2017; Minner et al.
2010). Jiang and McComas (2015) found that the complex effect of this variable on success
was related to the level of clarity of the inquiry-based teaching used. The reason why this
variable has a low level of explaining student science performances may be related to the
extent to which and how inquiry-based teaching is handled in the classroom. Although the
level of perception related to the needs to be re-arranged according to needs (ADINST) and
student's feedback level (PERFEED) are positively related to the student performance, the
effect of these variables on explaining science performance was less than 0.1. It is thought
that this situation can be caused by the lack of perceptions of the students towards to teachers’
feedbacks, because when teachers provide feedback to support teaching, students use deeper

learning strategies which tends to make teaching more permanent (Young, 2005).
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The finding that the level of teacher support (TEACHSUP) is a positive predictor of
student science performance is compatible with previous research (Brophy, 2004; Hardre &
Sullivan, 2008 as cited in: Yildirim, 2012). Finally, the fact that SCIEACT variable is not
effective at predicting science performance might be due to the quality of the organized
science activities. Another possible explanation is that science activities organized in the
classroom may not be capable of developing high-level cognitive outcomes or improving the

cognitive capacity of students (Aydogdu, 2006; Kincal & Yazgan, 2010).

Suggestions

This study reveals important clues about new goals and reforms, which will guide to
Turkish educational system. Based on these findings, it is thought that improving students’
science performance is possible by taking into account the variables that effect the
performance, especially with improvements that can provide equal opportunities in the
context of socioeconomic status, and the construction of inclusive school systems. This can be
done possibly by planning the budget allocated for education in a way that ensures the schools
in regions with low socio-economic level are improved in terms of physical and educational
resources. It is recommended to allocate the budget allocated for education among schools to
provide inclusive school systems. It is essential for politicians and educators to act together to
eliminate the difference between public and private schools in terms of physical conditions,
resources, education and preparations for university entrance examinations. It is
recommended that politicians and education programmers should take this into consideration.
Further, gender ranked as the 3™ variable in terms of the size of its effect at 0.17 in favor of
boys. In our educational system, we need to create steps for equal opportunities for different

gender groups.
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