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OZ. Bu calismanin amaci; PISA 2012 Tiirkiye sonuglarina gore
15 yas grubu 6grencilerin matematik okuryazarlik becerileri ile iligkili
duyussal ozelliklerini incelemektir. Bu ¢alisma temel aragtirma olarak
ylriitilmiistiir ve korelasyonel arastirma olarak desenlenmistir. PISA
2012 Turkiye Ogrenci anketi verileri iizerinde, yapisal esitlik
modellemesi ile ikincil diizey analizler yiriitiilmistiir. PISA 2012
Tirkiye 6rneklemi, 170 okul ve toplam 4 848 6grenciden olusmaktadir.
Kay1p verilerle basa ¢ikabilmek i¢in bu calismada Ogrenci Anketinin B
formunun kullanilmasi tercih edilmistir. Bu form, 1 598 06grenci
tarafindan yanitlanmistir. Belirlenen amag kapsaminda ikincil diizey bir
yapisal model kurulmustur. Bu model, 12 gozlenen degisken, 4 birincil
diizey gizil degisken ve 1 ikincildiizey gizil degisken igermektedir.
Modele gore, birincil diizey gizil degiskenler arasinda matematik
okuryazarlig1 becerilerinin en iyi yordayicist ‘problem ¢dzmeye
yonelik davramiglar’dir. Go6zlenen degiskenler igerisinde ise en iyi
yordayicilar; ‘problem ¢dzme azmi’, ‘matematik kaygisi’ ve ‘problem
¢ozmeye agiklik’ olarak belirlenmistir.

Anahtar sozciikler: PISA 2012, duyugsal 6zellikler, matematik
okuryazarlig1, yapisal esitlik modellemesi
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OZET

Amag ve Onem: Uluslararas1 Ogrenci Degerlendirme Programi (PISA),
Ekonomik Isbirligi ve Kalkinma Orgiitii (OECD) tarafindan, OECD’ye iiye
olan ve olmayan filkelerdeki 15 yas grubu 6grencilerin okuma becerileri,
matematik okuryazarlik becerileri ve fen okuryazarlik becerileri
performanslarma yonelik olarak yiiriitiilen Diinya ¢apinda bir galismadr. Tlk
defa 2000 yilinda diizenlenmistir ve sonrasinda her ii¢ yilda bir tekrar
etmektedir. Her bir ¢alismada, s6zii gegen bu ii¢ alandan biri, esas alan olarak
belirlenmektedir.

PISA 2012, PISA’nin besinci aragtirmasidir. PISA 2012°de 65 iilkeden
15 yas civart yaklasik 510 000 ogrenci test edilmistir. Bu iilkelerden ve
ekonomilerden 34’1 OECD iiyesidir. PISA 2012, 6zel olarak matematik
okuryazarlig odaklidir.

Tiirkiye, 2003 yilindan beri diizenli olarak PISA’ya katilmaktadir. PISA
2012 sonuglarina gore Tiirkiye’deki 15 yas grubu ogrenciler, matematik
okuryazarligi agisindan tlkeler ortalamasmna yakin bir performans
gostermistir. Bununla birlikte Tiirkiye nin ortalamasi, OECD fiyesi iilkeler
ortalamasinin ve tlim katilimci iilkeler ortalamasinin altinda kalmustir.

PISA c¢alismalarinda, 6grenci performansi ile iligkili olan ve bu
performansin geri planini olusturan 6grenci 6zellikleri hakkinda veri toplamak
icin farkli 6lgme araglar1 kullanilmaktadir. Ogrenci Anketi, bu araglardan
biridir. PISA Ogrenci Anketi, psikometrik agidan iyi yapilandirilmis bir
aractir. Bu arag, 0grencilerin matematik okuryazarliklar: ile iligkili olan ve
matematik okuryazarligini yordayan duyussal ozellikleri hakkinda 6nemli
bilgiler saglamaktadir.

Bu kapsamda bu calismanin amaci; PISA 2012 sonuglarma gore
Tiirkiye’de 6grencilerin matematik okuryazarlig1 becerileri ile iligkili olan ve
bu beceriyi yordayan duyussal 6zelliklerini incelemektir. Belirlenen amag
dogrultusunda, 6grencilerin duyussal 6zellikleri ile matematik okuryazarligi
becerileri arasindaki iligkileri agiklayan manidar bir model kurulmus, bu
model smirliliginda matematik okuryazarligi becerileri ile iligkili duyussal
ozellikler ve bu 6zelliklerin yordayiciliklar1 degerlendirilmistir.

Yontem: Bu calisma temel arastirma tiiriinde yiriitilmiistir ve
korelasyonel arastirma olarak desenlenmistir. PISA 2012 Tiirkiye 6grenci
anketi verileri lizerinde, yapisal esitlik modellemesi (YEM) ile ikincil diizey
analizler yapilmistir.

PISA 2012 Tiirkiye evreni, 15 yas grubunda olup erisilebilen toplam 955
349 dgrenciden olusmaktadir. PISA 2012 Tiirkiye 6rneklemi ise IBBS Diizey
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1 smiflamasma gore belirlenen 170 okul ve bu okullarda 6grenim goren
toplam 4 848 ogrenciden olugmaktadir.

PISA 2012 o6grenci anketi, li¢ farkli form seklinde tasarlanmistir (A
Formu, B Formu ve C Formu). Her bir formda ortak maddeler yer almaktadir.
Bu ortak maddeler tiim katilimcilarca yanitlanmaktadir. Diger taraftan sadece
iki formda yer alan maddeler bulunmaktadir. Bu maddeler ise tiim
katilimcilarin yaklasik %67’si tarafindan yanitlanmaktadir. Ortak maddeler
disinda kalan bu maddeler diizeyinde en azindan %33’lik bir kayip veri
miktar1 s6z konusudur. Kayip veri sorunu ile basa ¢ikmak i¢in bu ¢alismada
ogrenci anketinin B formunun kullanilmasi tercih edilmistir. B formu, 6grenci
duyussal 6zellikleri hakkinda en fazla bilgi saglayan formdur. PISA 2012
Tiirkiye Ogrenci Anketi (B Formu), toplam 1 598 &grenci tarafindan
yanitlanmastir.

Caligmanin amaci1 dogrultusunda, PISA 6grenci anketi verileri arasinda
yer alan indeks ve standartlastirllmig toplam puanlar ile tanimlanmig
degiskenler kullanilarak, ikincil diizey bir yapisal model kurulmustur. Bu
modelde dgrencilerin matematik okuryazarlik becerileri ikincil diizey gizil
degisken olarak tanimlanmustir. Ogrenci duyussal dzellikleri ise birincil diizey
gizil degiskenler olarak tanimlanmustir. Birincil diizey gizil degiskenlerle
iligkilendirilecek gézlenen degiskenlerin belirlenmesinde, 6grenci anketinde
yer alan toplam 48 indeks ve standart toplam puan ile tanimli 48 degisken
incelenmistir. Bu degiskenler icerisinde 15’inin Ogrencilerin duyussal
ozelliklerini belirledigi goriillmiigtiir.

Ileri analizler 6ncesinde, belirlenen degiskenler iizerinde yapisal esitlik
modellerinin temel varsaymmlari kontrol edilmistir. Ilgili literatiir baglaminda
kayip veriler, aykir1 degerler, otokorelasyon, normallik ve ¢oklu normallik,
dogrusallik ve c¢oklu baglantililik varsayimlart test edilmistir. Ardindan
agimlayici galigma olarak temel bilesenler analizi ve dogrulayici faktdr analizi
yapilmigtir. Baglangi¢ modelini tanimlamaya yonelik bu c¢alismalar
sonrasinda, 12 degisken ve 4 faktorden olusan, yaklasik %70 agiklanan
varyans saglayan birincil diizey bir model kurulabilmigtir. Faktorler
‘matematige yonelik duygular’, ‘okula yonelik duygular’, ‘matematik
endisesi’ ve ‘problem ¢dzme davranisi’ olarak isimlendirilmistir. Bu modele
ikincil diizey gizil degisken olarak matematik okuryazarligi becerileri de
eklenerek, ikincil diizey bir yapisal model olusturulmustur. Modifikasyonlara
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bagh iyilestirme calismalarindan sonra yiiksek model-veri uyumu saglayan
manidar bir ikincil diizey yapisal model elde edilmistir.

Bulgular: Kurulan manidar model smirliliginda, birincil diizey gizil
degiskenler arasinda matematik okuryazarligi becerilerini en iyi yordayan
degiskenin ‘problem ¢dzme davranist’ oldugu goriilmiistiir. Problem ¢dzme
davranisindaki 1 birim degisim, matematik okuryazarlig1 becerilerinde 0.32
birim degisime karsilik gelmektedir. Diger ii¢ gizil degisken olan ‘matematige
yonelik duygular’, ‘okula yonelik duygular’ ve ‘matematik endisesi’,
ogrencilerin matematik okuryazarlik becerileri ile negatif yonlii bir iliski
gostermektedir.

Matematik endigesi ile matematik okuryazarligi becerileri arasinda
negatif yonlii iliski bulunmasi, ilgili literatiiriin de destekledigi bir durumdur.
Buna gore matematik endisesi yiiksek olan Ogrenciler, matematik
okuryazarlig1 becerileri diisiik olan bireylerdir ya da tam tersi sdylenebilir.
‘matematige yonelik duygular’ ve ‘okula yonelik duygular’ ile matematik
okuryazarligi becerileri arasinda negatif yonlii bir iliski olmasi ise alisildik ya
da beklenen bir durum degildir. Buna gore kendisini matematige ve okula
yonelik duygular1 agisindan iist diizeyde goéren ya da bu sekilde rapor eden
Ogrenciler, ayni zamanda matematik okuryazarlik becerileri diisiik olan
ogrencilerdir. Tersi de gecerlidir. Bu durumun, Tirkiye’de Ogrencilerin
kendilerini nasil degerlendirdikleri ile iliskili olmasi olasidir. Diger taraftan
bu durum, matematik egitiminin ve okullarin 6grencilerin geligsimi tizerindeki
olumsuz etkilerin de bir gostergesi olabilir. Bu konularda daha derinlemesine
arastirmalara ihtiya¢ oldugu agiktir.

Kurulan modelde yer alan 12 gozlenen degisken arasinda matematik
okuryazarlig1 becerilerinin en iyi yordayicist ‘problem ¢dzme azmi’ olarak
belirlenmistir. Bu degiskendeki 1 birim degigim, problem ¢6zme davranisinda
0.67 birim, matematik okuryazarlig1 becerilerinde ise 0.21 birim degisime
karsilik gelmektedir. Bunu ‘matematik kaygisi’ ve ‘problem ¢ozmeye agiklik’
izlemektedir. Yordayiciligt en az olan degiskenler ise ‘matematiksel
davranig’, ‘aragsal motivasyon’, ‘okula yonelik tutum: 6grenme etkinlikleri’
ve ‘matematik ilgisi’ gelmektedir. Bu degiskenlerin tamami negatif
yordayicidir.

Tartisma ve Sonuglar: Bu c¢alismanin bulgulari, 15 yas grubu
ogrencilerin duyussal oOzellikleri ile matematik okuryazarligi becerileri
arasinda manidar iliskiler oldugunu ve bu iligkilerin ¢ok degiskenli yapida
modellenebildigini gostermektedir. Tiirkiye sinirliliginda bu iliskiler, zayif
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diizeyde olmakla birlikte manidardir. Bu iliskiler baglaminda ilgili literatiirle
ortismeyen  bulgular, Tirkiye’de 0Ogrencilerin kendilerini  gergek
durumlarindan farkli bir sekilde rapor etmis olabilecekleri ya da Tiirkiye’de
matematik egitiminin ve okullarin 6grenciler {izerindeki negatif etkilerini
gosterme olasiliklarini ortaya ¢ikarmaktadir. Egitim ve 6gretim siireclerinde
bu tiir iliskilerin dogasinin anlasilmasi ve dikkate alinmasinin, 6grencilerin
performanslarmin  yiikseltilmesinde yol gosterici nitelikte olacagi
degerlendirilmektedir.

Ileri arastirmalara yonelik olarak, matematik okuryazarligi disindaki
diger becerilerin modellenmesi, farkli degiskenlerle benzer modellerin
calisilmasi onerilmektedir. Ayrica, bu ¢alismada kurulan model iizerinde ya
da benzer modeller {izerinde Kkiiltiirler arasi karsilastirmalara dayali
arastirmalarin yapilmasi da dnerilmektedir.
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ABSTRACT: The aim of this study is to examine the affective
characteristics of the 15-year-old students in Turkey, significantly
predicting their mathematics literacy skills and competencies,
according to the PISA 2012 results. This study has been executed as a
basic research and has been designed as a correlational research.
Secondary level analyses have been performed on PISA 2012 Turkey
student questionnaire data by using structural equation modelling. PISA
2012 Turkey sample is composed of 170 schools and 4 848 students. In
order to handle with missing data problem, in this study, Student
Questionnaire Form B data were preferred to use. This form was
answered by 1 598 students. Within the aim of this study, a secondary-
level structural model has been constructed. This model is including 12
observed variables and 4 primary-level latent variables and 1
secondary-level latent variable. According to this model, among
primary level latent variables, best predictor of students’ mathematics
literacy skills is ‘behaviour of problem solving’. Among indicators, best
predictors are ‘perseverance’, ‘mathematics anxiety’ and ‘openness for
problem solving’ as well.

Keywords: PISA 2012, affective characteristics, mathematics
literacy, structural equation modelling

* This research was presented as an oral presentation on April 15-19, 2015 at 77" Annual Meeting of
National Council on Measurement in Education (NCME), Chicago.

" Assist.Prof.(PhD), Ankara University Educational Sciences Faculty Measurement and Evaluation
Department, Turkey, erguldemir@ankara.edu.tr



Tiirkiye'de On Bes Yas Grubu Ogrencilerin Matematik Okuryazarlik... 171

INTRODUCTION

Concept of ‘mathematics literacy’ has become common term. There is an
intense historical background. In this context, the terms ‘mathematics
literacy’, ‘quantitative literacy’, ‘numeracy’, ‘quantitative reasoning’ or
sometimes just ‘mathematics’ have the close meaning with each other.
Quantitative literacy is defined as “the capacity to deal effectively with the
quantitative aspects of life” (Steen, 2001). In the framework of Programme
for International Student Assessment (PISA), there is a same definition but
called ‘mathematics literacy’ (OECD, 2000):

An individual’s capacity to identify and understand the role that
mathematics plays in the world, to make well-founded mathematical
judgements and to engage in mathematics in ways that meet the
needs of that individual’s current and future life as a constructive,
concerned and reflective citizen.

These definitions emphasize that mathematics literacy focus on both
some basic skills and some higher-order thinking skills to understand the role
of numerical, mathematical or quantitative relations in life. On the other hand,
it is obvious that “mathematical literacy is not restricted to the ability to apply
quantitative aspects of mathematics but involves knowledge of mathematics
in the broadest sense” (De Lange, 2001). In this respect, mathematics literacy
can be considered as higher level of skills or ability (Haladyna, 1997).
Mathematics literacy involves some competencies or sub-skills (OECD,
1999):

* Mathematics Thinking and Reasoning: Posing questions
characteristic of mathematics; knowing the kind of answers that
mathematics offers; distinguishing among different kinds of
statements; understanding and handling the extent and limits of
mathematical concepts.

Mathematical Argumentation: Knowing what proofs are; knowing
how proofs differ from other forms of mathematical reasoning;
following and assessing chains of arguments; having a feel for
heuristics; creating and expressing mathematical arguments.
Mathematical Communication: Expressing oneself in a variety of
ways in oral, written, and other visual form; understanding
someone else’s work.

Modeling: Structuring the field to be modeled; translating reality
into mathematical structures; interpreting mathematical models in
terms of context or reality; working with models; validating
models; reflecting, analyzing, and offering critiques of models or
solutions; reflecting on the modeling process.
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* Problem Posing and Solving: Posing, formulating, defining, and
solving problems in a variety of ways.

* Representation: Decoding, encoding, translating, distinguishing
between, and interpreting different forms of representations of
mathematical objects and situations as well as understanding the
relationship among different representations.

» Symbols: Using symbolic, formal, and technical language and
operations.

* Tools and Technology: Using aids and tools, including technology
when appropriate.

Improving the students’ mathematics skills is one of the primary goals of
the mathematics education in schools. However, school learnings on
mathematics are generally focused on essential or basic level skills, especially
in the elementary and middle grades (Dossey, 1997). Whereas, problems in
the real world is grounded and mathematical approaches need to be related
with this context (Martin, 2007). Therefore, mathematics literacy has become
fundamental. If students are expected to handle with such kind of complex
problems and situations in the world, mathematics education provided in
schools need to be organized according to the mathematics literacy skills
(McCrone and Dossey, 2007).

Mathematics literacy is defined by relating some sub-skills like
mathematical communication, reasoning, problem solving and etc. At the
same time, it is well-known that there are significant correlations between
mathematics skills and affective characteristics of students like self-efficacy,
self-concept, mathematical behaviour, mathematics anxiety and etc. (Anil,
2008; Ayotola&Adedeji, 2009; Cooper&Robinson, 1991; IEA, 1996, 2011;
Kaiser& Willender, 2005; OECD, 2014a, 2014b, 2014c; Ozgen&Bindak,
2011; Randhawa, Beamer&Lundberg, 1993; Thomas&Higbee, 1999;
Yildirim, 2011). These researches show that affective characteristics of
students are possible to be significant predictors of mathematics achievement
and mathematics literacy skills.

On the other hand, it is seen that just few characteristics or variables are
be able to consider in such kind of models to explain the relations between the
specific student characteristics and mathematics literacy. But, it is obvious
that there is a need for more detailed researches to understand the nature of
mathematics literacy. It is possible that this limitation is due to data collection
and observation difficulties. At this point, The Programme for International
Student Assessment (PISA) provides solutions and advantages with their
large-scale assessment framework.

PISA is a worldwide study by the Organisation for Economic Co-
operation and Development (OECD) in member and non-member nations of
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15-year-old students' performance on reading skills and mathematics literacy
and science literacy. It was first performed in 2000 and then repeated every
three years. In each study, one of these three areas is determined main domain.
PISA 2012 was the fifth survey of the PISA. In PISA 2012, nearly 510 000
students around age 15 in 65 countries and economies were tested. 34 of these
countries and economies was the member of OECD. PISA 2012 had a special
focus on mathematics literacy (OECD, 2014d).

In PISA studies, different measurement tools are used to collect data
about student characteristics related with the performance and forming the
background of performance. Student questionnaire is one of these tools.
Student questionnaire is a well-structured tool in terms of psychometrics. It
provides important information about students' affective characteristics which
are possible to correlate with mathematics literacy and predicting mathematics
literacy. PISA questionnaire data includes a lot of affective variables (OECD,
20144d).

Since 2003, Turkey regularly participates in PISA. According to the
PISA 2012 results, 15-year-old students in Turkey showed a success close to
the average in mathematics literacy. However, they performed below both
OECD countries and participating countries. Most of the students are located
on the first and second proficiency levels in mathematical literacy (OECD,
2014a). Defining the relations between students’ affective characteristics and
their mathematical literacy skills provides to understand the nature of this
situation in Turkey.

In this context, the aim of this study is to examine the affective
characteristics of the 15-year-old students in Turkey, significantly predicting
their mathematics literacy skills and competencies, according to the PISA
2012 results.

METHOD

In this section, research model, participants, data collection tool and data
analyses technics are explained respectively.

Research Model

This study has been executed as a basic research and has been designed
as a correlational research. Secondary level analyses have been performed on
PISA 2012 Turkey student questionnaire data by using multilevel structural
equation modelling (SEM).
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Basic researches are studies aimed at producing pure conceptual
knowledge. Correlational design is the most common nonexperimental
research design especially in education (Karasar, 2012). In this method, two
or more variables are tried to determine whether there is relations between
them (Slavin, 1992).

Participants

PISA 2012 Turkey population is composed of 955 349 fifteen year-old
student. PISA 2012 Turkey sample were determined based on NUTS Level-
1. Sample were composed of 170 schools and 4 848 students.

In this study, analyses have been conducted on PISA 2012 Turkey
Student Questionnaire (Form B) data. This Form was answered by 1 598
students in Turkey.

Data Collection Tool

PISA 2012 student questionnaire was designed as three different forms
(form A, form B and form C). In each form, there were some common items.
These items were answered all respondents. Also there were some other items
took place only two forms. These items were answered by nearly 67% of all
respondents. At least there were 33% amounts of missing data in these items,
except common items. Therefore, in order to handle with missing data
problem, in this study, Student Questionnaire Form B data were preferred to
use. Form B was a form that provided the most information for students'
affective characteristics.

Data Analyses

Within the aim of this study, a secondary-level structural model has been
developed by using PISA indexes and standard scores and variables identified
from student questionnaire data. On this model, students' mathematics literacy
performances were determined as secondary-level latent variables. Students'
affective characteristics were determined as primary-level variables. In order
to determine the observed variables to be related with primary-level latent
variables, a total of 48 indexes and standard scores and variables have been
examined. During the analyses, it was utilized from IBM SPSS Statistics 20
and LISREL 8.7 softwares.

FINDINGS

In this section is including the steps in the establishing the model showing
the relationship between students’ affective characteristics and mathematics
literacy skills. And then, according to the relations between affective
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characteristics and mathematical skills in the model, predictive level of
variables and best predictors of skill are explained with detailed.

Selecting Variables for Initial Model

PISA 2012 Student Questionnaire (Form B) includes lots of variables
defined as index scores or standardized total points. Fifteen of them are related
with students’ affective characteristics. These fifteen variables are (1)
mathematics anxiety - ANXMAT, (2) attitude towards school: learning
outcomes - ATSCHL, (3) attitude towards school: learning activities -
ATTLNACT, (4) sense of belonging to school - BELONG, (5) cognitive
activation in mathematics lessons - COGACT, (6) attributions to failure in
mathematics - FAILMAT, (7) instrumental motivation for mathematics -
INSTMOT, (8) mathematics interest - INTMAT, (9) mathematics behaviour
- MATBEH, (10) mathematics self-efficacy - MATHEFF, (11) mathematics
intentions - MATINTFC, (12) mathematics work ethic - MATWKETH, (13)
openness for problem solving - OPENPS, (14) perseverance - PERSEV, (15)
mathematics self-concept - SCMAT.

To select variables for initial model, first of all, these fifteen variables
were checked in terms of some basic statistical assumptions. Normality was
checked by graphically and descriptively. It is decided that there is no
skewness and kurtosis problem in general. Four variables with a high
possibility of distortion were marked.

Linearity was checked by calculating bivariate and partial correlation
coefficients. Also, multicollinearity was checked by calculating variance
inflation factors, tolerance coefficients and condition index as collinearity
diagnostics statistics. Five variables with insignificant or lower level of
significance in terms of correlation were marked.

In addition, variables were checked for missing data, outliers and
autocorrelations. It is seen that ratio of missing is under 5 percent for each
variable. Assuming that the missing data were formed randomly, multiple
imputation method was used to handle with missing data and to obtain
complete data set. There is very small amount of outliers for each variable
(under 1 percent). It was decided that there was no need to remove them from
data set. According to Durbin-Watson statistics and Q-Q pilots for residuals,
there is no autocorrelation problem.

Exploratory Studies

After preliminary controls and analysis, principal component analysis
with oblique rotation was conducted with fifteen variables. Data set and
variables are available for this analysis (KMO=0.853, Bartlett’s test of
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sphericity ¥*=7653.64, df=105 and p<0.05). Outputs of analysis were
considered in terms of communalities, total variance explained, factor loading
and correlations between factors. It’s seen that two of fifteen variables
(COGACT and MATINTFC) have lower communalities value and factor
loadings. Also one variable (MATHEFF) has close factor loading on two
factors. Due to that, total variance explained is reduced. So these three
variables were removed from data set. After analysis with other twelve
variables, a significant structure with four factors could be defined. For this
structure, total variance explained and structure matrix and correlations
between factors are shown in the following tables.

Table 1. Total Variance Explained by Factors

Factors Eigenvalues Rotated Variance Cumulative
Eigenvalues (%) Variance (%)
1 4,238 3,657 35,316 35,316
2 1,747 2,150 14,559 49,875
3 1,391 1,906 11,593 61,468
4 1,030 2,056 8,581 70,049

* Factors with eigenvalues above 1.00 are shown in the table.

Table 2. Structure Matrix with Variables and Factors

Variables Factors
1 2 3 4
Mathematics Interest ,886
Instrumental Motivation for Mathematics ,814
Mathematics Self-Concept ,805
Mathematics Work Ethic 774
Mathematics Behaviour 717
Attitude towards School: Learning Outcomes ,835
Attitude towards School: Learning Activities ,759
Sense of Belonging to School , 734
Attributions to Failure in Mathematics ,831
Mathematics Anxiety ,830
Openness for Problem Solving ,824
Perseverance ,785

* Highest factor loadings are shown in the table. (Extraction method: Principal component
analysis. Rotation method: Oblimin with Kaiser Normalization)
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Table 3. Correlations between Factors

Factors 1 2 3 4

1 1,000 ,149 -,169 ,323
2 ,149 1,000 -,103 ,154
3 -,169 -,103 1,000 -113
4 ,323 ,154 -, 113 1,000

End of exploratory studies, it was seen that a significant model is possible
to structure with twelve affective variables. Communalities for these variables
vary between 0.603 and 0.826. These variables are grouped under four factors.
Total variance explained is approximately 70 percent. Correlations between
factors are statistically significant but not high.

As seen at Table 2, the two of these four factors include just two
variables. As a general guide, it is recommended that a factor should have at
least three variables in order to define a factor. But, this depends on the design
of the study and characteristics of the variables. If some factors have two
variables, these factors interpreted with caution. And, it is possible when the
variables are highly correlated with each other and almost uncorrelated with
other variables (Kline, 1994; Tabachnick & Fidell, 2007). In this study, while
the factorial model was forced with two factors, total variance explained by
factors was reducing from 70 percent to 49 percent and communalities of some
variables were reducing under 0.30. So, it was needed exclusion or inclusion.
It is known that specifying too few factors by ignoring or combining some of
them causes the loss of important information (Zwick & Velicer, 1986).
Indeed, in this study, these couple variables were defined as indexes and
standard way. And, correlations between them can be interpreted as high by
considering the sample size and significance level (r>0.40 and p<0.001). Also,
as seen at Table 3, factors are almost uncorrelated each other. Therefore,
although some factors include two variables, they were preferred to define as
separate factors and to include into the model.

First factor includes five affective variables, second factor includes three
variables, third and fourth factors include two variables. Factors are named as
emotions towards mathematics (EMAT), emotions toward school (ESCHL),
mathematics concerns (CONS) and behaviour for problem-solving (BEHPS),
respectively.

Confirmatory Studies

After exploratory studies, confirmatory factor analysis was conducted on
primary level structural equation modelling with twelve variables and four
factors. Modification indices was considered to improve model-data fit.
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According to the results, this primary level model has statistically significant
(¥*=656.64, df=39 and p<0.05). Some goodness of fit statistics are shown in
the following table.

Table 4. Goodness of fit statistics for Primary Level Structural Model

Indices Statistics
Root Mean Square Error of Approximation (RMSEA) 0.10
Root Mean Square Residual (RMR) 0.07
Standardized RMR 0.06
Normed Fit Index (NFI) 0.94
Comparative Fit Index (CFI) 0.94
Incremental Fit Index (IFT) 0.94
Relative Fit Index (RFI) 0.90
Goodness of Fit Index (GFI) 0.94
Adjusted Goodness of Fit Index (AGFI) 0.87
Parsimony Goodness of Fit Index (PGFI) 0.47

* All statistics are significant at 0.01 significance level.

According to the results, it is seen that a primary level model with twelve
variables and four factors can be confirmed statistically. Although not
showing perfect fit, this model is statistically significant and acceptable in
terms of fit indices.

Secondary Level Structural Equation Modelling

After confirmatory studies, secondary level modelling was tried to
construct by adding mathematics literacy skills plausible values (PV_MATH)
as secondary level variables to the primary level model. Conceptual diagram
for this model is shown in following figure.
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Figure 1. Secondary Level Conceptual Diagram

Analysis was conducted by considering possible modifications to
improve model-data fit. According to the results, a significant secondary level
model could be constructed (*=406.77, df=93 and p<0.05). Some goodness
of fit statistics are shown in the following table.

Table 5. Goodness of fit statistics for Secondary Level Structural Model

Indices Statistics
Root Mean Square Error of Approximation (RMSEA) 0.046
Standardized RMR 0.047
Normed Fit Index (NFI) 0.98
Non-Normed Fit Index (NNFI) 0.98
Comparative Fit Index (CFI) 0.99
Incremental Fit Index (IFT) 0.99
Relative Fit Index (RFI) 0.98
Goodness of Fit Index (GFI) 0.97
Adjusted Goodness of Fit Index (AGFI) 0.95
Parsimony Goodness of Fit Index (PGFI) 0.59

* All statistics are significant at 0.01 significance level.

As shown in table, the secondary level model fits very-well. Indices for
residuals are below 0.05 and other indices are above 0.95.
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Predictors of Mathematics literacy Skills

According to the significant model, it is possible to make inference about
the predictive level of affective characteristics and best predictor for
mathematical skills of students. Estimates for paths in the model are shown in
the following table.

Table 6. Estimates for Paths in the Secondary Level Structural Model

Primary

Error Level Secondary
Indicators Estimates Estimates Level Latent
Terms Latent .
. Variable
Variables

0.54 INTMAT 0.82

0.54 INSTMOT 0.67

0.04 SCMAT 0.93 EMAT -0.11

0.37 MATWKETH 0.99

0.81 MATBEH 0.56

0.68 ATSCHL 0.63

0.76  ATTLNACT 0.41 ESCHL 2020 PV_MATH

0.42 BELONG 0.82

0.85 FAILMAT 0.65

0.32 ANXMAT 0.77 CONS -0.26

0.58 OPENPS 0.62

0.65 PERSEV 0.67 BEHPS 0.32

* All paths are significant (t>2.34 and p<0.05).

As shown in table, among these four primary level latent variables,
‘behaviour for problem solving’ is best predictor of mathematics literacy
skills. One-unit change in this variable leads 0.32 unit change in mathematics
literacy skills. In other words, students with high level of ‘behaviour for
problem solving’ have high level of ‘mathematics literacy skills’. Also
opposite can be said. This finding and importance of problem solving skills
on mathematics education are supported by some other researches (IEA, 2011;
OECD, 2014c).

‘Emotional for mathematics’, ‘emotional for school’ and ‘mathematics
concerns’ are negatively correlated with ‘mathematics literacy skills’. Also,
indicators related with them are negatively correlated with ‘mathematics
literacy skills’ as well. In terms of ‘mathematics concerns’, this is an expected
and understandable finding. Students with high level of concerns have also
lower level of mathematics literacy skills or vice versa. This result overlaps
with the findings of previous researches (Cooper & Robinson, 1991; IEA,
2011; OECD, 2014a, 2014b; Thomas&Higbee, 1999). But, in terms of other
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characteristics ‘emotions for mathematics’ and ‘emotions for school’, these
findings are seems to be extraordinary and difficult to explain. It is understood
that students who reported themselves with high level of ‘emotions for
mathematics’ and ‘emotions for school’ have also lower level of ‘mathematics
literacy skills’ or opposite. In fact, there are some researches that similar
findings are obtained (IEA, 1996, 2011; OECD, 2014b; Ozgen&Bindak,
2011; Yildirim, 2011).

Among indicators, ‘perseverance’ is the best predictors of ‘mathematics
literacy skills’ (0.67x0.32=0.2144). One-unit change in ‘perseverance’ leads
0.67 unit change in ‘behaviour for problem solving’ and 0.21 unit change in
‘mathematics literacy skills’. It is followed by ‘mathematics anxiety’ (0.77x-
0.26=-0.2002). One-unit change in this characteristic leads approximately -
0,20 unit change in ‘mathematics literacy skills’. Thirdly, one-unit change in
‘openness for problem solving’ leads approximately 0,20 unit change in
‘mathematics literacy skills’ (0.62x0.32=0.1984).

On the other hand, lowest predictors among indicators are ‘mathematics
behaviour’, ‘instrumental motivation for mathematics’, ‘attitude towards
school: learning activities’ and ‘mathematics interest’ respectively. Again
respectively, one-unit changes in these characteristics lead -0.0616, -0.0737, -
0.0820 and -0.0902 unit change in ‘mathematics literacy skills’. As mentioned
above, these findings can overlap with the findings of some previous
researches.

DISCUSSION AND CONCLUSIONS

Findings of this study show that relations between student’s affective
characteristics and mathematics literacy skills can be modelled on a
multivariate structure. For such a model, PISA provides important advantages.
PISA data includes many variables for students’ characteristics related with
mathematics literacy skills. It is difficult to find such kind of data together.
However, statistical models with these psychological data require meeting
some certain assumptions. Therefore, such models are statistically limited.
Processes for selecting variables and constructing the model should be
conducted fairly sensitive. Moreover, each model is significant in its own
limitations.

In this study, a secondary level structural equation model could be
constructed significantly. In this model, relations between students’ affective
characteristics and mathematics literacy skills were modelled in multivariate
level. This model is statistically significant with high model-data fit. As
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affective characteristics, 12 indicators were determined in the model. These
observed variables were defined under four factors. These factors were named
as ‘emotions for mathematics’, ‘emotions for school’, ‘mathematics concerns’
and ‘behaviour for problem solving’.

In the limitations of this model, among factors, best predictor of
mathematics literacy skills is ‘behaviour for problem solving’. These latent
variables are defined with ‘openness for problem solving” and ‘perseverance’.
It is seen that students with high level of ‘openness for problem solving’ and
‘perseverance’ have high level of mathematics literacy skills. Also opposite is
true. It is seen obviously that problem solving skills are one of the very
important proficiencies in the learning-teaching process.

Among factors, ‘mathematics concerns’ shows negative correlation with
mathematics literacy skills. This factor was defined with ‘attributions to
failure in mathematics’ and ‘mathematics anxiety’. Accordingly, students
with high level of anxiety and attributions of failure have lower level of
mathematics literacy skills. Also opposite can be said.

Among factors, ‘emotions for mathematics’ and ‘emotions for school’
show negative correlations with mathematics literacy skills. These factors
were defined with ‘mathematics interest’, ‘instrumental motivation’,
‘mathematics self-concept’, ‘mathematics work ethic’, ‘mathematical
behaviour’, ‘attitude towards school’ and ‘sense of belonging’. This means
that students with high level of emotions for mathematics or school have also
lower level of mathematics literacy skills. This findings are supported the
results of some similar researches. This situation is possible to due to students’
reporting themselves. There may be differences between students’ real
situations and observations. On the other hand, it is possible that this situations
show negative effects of learning mathematics and schools on the
development of students. There is need for in-depth research on these issues.

Among indicators, best predictor of mathematics literacy skills is
‘perseverance’. This is a positive predictive. It is followed by ‘mathematics
anxiety’ as negative predictor. ‘Openness for problem solving’ is one of best
predictors as positively. On the other hand, ‘mathematics behaviour’,
‘instrumental motivation for mathematics’, ‘attitude towards school: learning
activities’ and ‘mathematics interest’ are lowest predictors of mathematics
literacy skills. These characteristics are negative predictive. As mentioned
about, it is possible that this situation is due to students reporting themselves.
Or, it is possible that this situation show negative effects of mathematics and
schools on the development of 15 year old students in Turkey.
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This study showed that some 15-year-old students' affective
characteristics are very closely related with mathematics literacy skills and
competencies in Turkey. In order to support the development of students
healthy, it is important to understand the nature of such kind of relations. In
the teaching-learning process, improvements to be made in accordance with
these characteristics would likely to raise and improve students’
performances.

For further research, it is recommended that other domains like science
literacy should be considered. As another recommendation, it is thought that
different structural models can be constructed with different variables. In
addition, a comparative study between different cultures is recommended.
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