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Determination of the Relationship between the Students’
“Mathematical Literacy” and “Home and School Educational
Resources” in Program for International Student Assessment

- (PISA 2012)

_Uluslararasi Ogrenci Degerlendirme Programinda
Ogrencilerin Matematik Okuryazarhklari ile Ev ve Okul
Egitim Olanaklar1 Arasindaki Iliskinin Belirlenmesi - (PISA-
2012)

Meltem ACAR GUVENDIR

Abstract: The purpose of the study is to examine how home (desk, private study room, a quiet place to
study, computer, internet connectivity, textbook, and DVD player) and school educational resources
(public or private, school location, class size, shortage of mathematics teachers, instructional materials,
Internet connection, library materials, buildings and grounds, heating, cooling and lighting) are related to
students’ mathematical literacy in PISA 2012. The students in Turkey who attended PISA 2012 form the
sample of this study. The sample of the study involves 4308 students and 157 schools. (Turkish sample of
PISA 2012 consists of 4848 students from 170 schools, but in this study, missing values in 13 schools
were removed from the analysis before hierarchical linear modeling was done). Hierarchical linear model
(HLM) was used for data analysis. The variables at student level (Level 1) which are related to
mathematical literacy are having a study desk, computer, textbook, and DVD player. According to the
results when the students have a study desk, computer, textbook, and DVD player, their mathematical
literacy increases. The variable at school level (Level 2), which is related to mathematical literacy is
having Internet connection at school.

Keywords: Hierarchical linear model, home and school educational resources, mathematical literacy,
Program for International Student Assessment-(PISA)

Oz: Bu arastirmanmin amaci, Uluslarast Ogrenci Degerlendirme Programu (PISA) 2012°de dgrencilerin
matematik okuryazarliklari ile ev (¢aliyma masasi, kendine ait oda, sessiz bir ¢aligma yeri, bilgisayar,
internet baglantisi, ¢alisma kitabi, DVD oynaticisi) ve okul (okul tiirii, bolgesi, sinif biiyiikliigii,
matematik 6gretmeni eksikligi, 6gretimsel materyaller, internet baglantisi, kiitiiphane materyalleri, binalar
ve alanlar, 1sinma, sogutma ve aydinlatma) egitim olanaklari arasindaki iliskiyi incelemektir. PISA
2012’ye katilmis olan Tirkiye’deki 157 okuldan, 4308 15 yas grubu Ogrenciler, bu arastirmanin
orneklemini olusturmaktadir (PISA Tiirkiye 6rneklemi 170 okuldan 4848 &grencidir; ancak HLM’ye
baslamadan 6nce 13 okula ait kayip veriler veri setinden ¢ikarilmistir). Verilerin analizinde, veriler ige ige
yap1 gosterdigi i¢in hiyerasik lineer model kullanilmistir. Ogrenci diizeyinde matematik okuryazarlig ile
iligkili olan degiskenler; ¢aligma masasi, bilgisayar, ¢alisma kitabi ve DVD oynaticisidir. Buna gore,
calisma masasi, bilgisayar, ¢alisma kitabi ve DVD oynaticisina sahip olan &grencilerin matematik
okuryazarlig1 daha yiiksektir. Okul diizeyinde matematik okuryazarlig ile iliskili olan degisken ise okulda
internet baglantisinin olmasidir.

Anahtar Kelimeler: Ev ve okul egitim olanaklari, hiyerarsik lineer model, matematik okuryazarligi,
Uluslararas1 Ogrenci Degerlendirme Programi (PISA)

Introduction
Evaluation of the overall education process contributes to recognize final behavioral outcomes
and fulfillment of the initial expectations of education. Such an evaluation basically includes
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identification of the learning environments (Fisher, 2005; Walsh & Gardner, 2005), the
effectiveness of the education programs (Berk, 2005; Kassebaum, 1990), and students’ learning
levels (Briggs, 1993). In order to determine the learning levels, students’ achievement should be
periodically and objectively measured and evaluated through classroom tests and large scale
tests. While classroom tests are used to measure failure or success, large scale tests do not try to
determine whether students will fail or pass. They rather aim to measure students’ level of
achievement. Moreover, they have a significant role in identifying the incompetency of students
and the reasons that cause it (Chudowsky & Pellegrino, 2003). Assessment is necessary for
determining to see whether curriculum has achieved its goals and to organize teaching
according to students’ readiness (Tekin, 2004). According to Baykul (2011), at the end of
educational procedures, it is possible to face unpredicted situations, undesired outcomes, and
unintended behavioral outcomes. Thus, examinations are conducted either at the end of the
educational procedure or at particular points during education. These examinations are
terminologically described as “assessment”.

Assessing student achievement has been one of the key goals of national and
international organizations for many years. Thus, national and international large scale tests are
frequently used by many countries to identify students’ national and international achievement
ranks. The large scale tests in general include several tests that contain knowledge and skills that
have been previously specified for different grades and courses. These tests are implemented on
large student groups (Cakan, 2003). For instance, in Turkey, Educational Research and
Development Department (EARGED), which is a branch of Republic of Turkey Ministry of
Education (MEB), conducts Student Achievement Determination Exam (OBBS) in order to
measure student achievement in primary and secondary education. Starting from 2002, OBBS
has been conducted every three years. Fourth, fifth, sixth, seventh, and eighth grade students
take it. It consists of Turkish, mathematics, science and technology, social sciences, and English
language segments. The reasons for using OBBS to measure student achievement in these five
main areas are: 1) to monitor the efficacy of compulsory schooling in Turkey, 2) to determine
the factors that high quality compulsory schooling is linked to, and 3) to decide the activities
that can be used to increase the productivity of compulsory schooling to the desired level (MEB,
2002; 2007a; 2009).

At international level, with the purpose of continuously determining international
student achievement, Organization for Economic Co-operation and Development (OECD) and
International Association for The Evaluation of Educational Achievement (IEA) have been
organizing international exams such as The Progress in International Reading Literacy Study
(PIRLS) which measures fourth grade students’ reading skills and its improvements (MEB,
2003a; timssandpirls.bc.edu), and Trends in International Mathematics and Science Study
(TIMSS) that measures students’ mathematics and science achievement every four-years (MEB,
2003b; timssandpirls.bc.edu). Program for International Student Assessment-(PISA) (MEB,
2003a; 2003b; 2005; 2007b; Rutkowski, Gonzalez, Joncas & von Davier, 2010) administered by
OECD, is a comprehensive and detailed international program that assesses 15 years old
students’ reading, mathematics, and science skills in a three-year period and collects data about
student, family, and school components for explaining the differences of these skills (MEB,
2005; 2007b). This program has been collecting data about students’ motivation, opinions about
themselves, learning styles, school environments, and families.

These international large scale tests measure knowledge and skills that students will use
in knowledge based society. These knowledge and skills are reading, mathematics, and science.
Knowledge and skills in various majors are determined by using achievement tests and
information about students, teachers, and schools are collected by using surveys (MEB, 2003a;
2003b; 2005; 2007b). These surveys reveal specific information about students’ home resources
such as having a computer, Internet connection, private study room etc. (Duncan & Brooks-
Gunn, 1997; Sirin, 2005). For example, PISA categorizes resources such as having a private
study desk, private room, study place, computer, Internet, textbook, and DVD player as home
educational resources. Is Giizel (2006), Demir, Kilig, and Unal (2010), Ziya, Dogan, and
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Kelecioglu (2010), and Ozer and Anil (2011), and Ozer Ozkan and Acar Giivendir (2014) found
that home resources are related to mathematical literacy in PISA. Similarly, Akyiiz (2006)
found that the students’ home resources have relationships with mathematics achievement in
TIMSS. As reported by Atar and Atar (2012) the availability of home resources affects students’
achievement in TIMSS. According to Demir, Kili¢, and Unal (2010), shortage or inadequacy of
computers negatively affects students’ mathematics achievement and a lack of qualified
mathematics teacher has negative impacts on students’ mathematics scores. Ziya, Dogan and
Kelecioglu (2010) stated that having a computer and using it for educational purposes affect
mathematics achievement. According to Ozer and Aml (2011), having a computer and Internet
connection positively influence mathematics achievement.

The specific research in other areas of education that examined home and school
educational resources and their relationship with student achievement have presented that these
educational resources are related to student achievement. For example, studies by Juan and
Visser (2017) Nes et al. (2014), Thao (2003), and Grilli, Pennoni, Rampichini and Romeo
(2016) show that students who have adequate home resources in their home environment have
higher academic achievement. Studies related to home computer access found correlations
between achievement and having access to computer at home (Attewell & Battle, 1999;
Attewell, SuazoGarcia & Battle, 2003; Borzekowski & Robinson, 2005; Fiorini, 2010; Jackson
et al., 2006; Judge, 2005). According to Roscigno and Ainsworth-Darnell (1999), Teachman
(1987), and Juan and Visser (2017) there is a strong positive relationship between home
resources such as computer, books and student achievement. Juan and Visser (2017) and
Teachman (1987) stated that if students have access to books or reading material, this offers an
advantageous atmosphere for studying and makes students better learners.

Another topic that has been addressed by large scale tests is school educational
resources and their relation with student achievement. For instance, PISA focuses on school
educational resources such as school location, class size, and unavailability of teachers,
materials, Internet, library, building, and heat. According to PISA, these are indicators of school
facilities and PISA examines the relation between students’ literacy and school educational
resources. Studies conducted in Turkey have shown that schools located in urban and rural areas
provide different resources that influence students’ academic achievement. Rural schools have
many problems such as lack of financial resources, educational equipment, and physical
conditions of school buildings, technological resources, and libraries, unavailability of teachers
etc. Hence, these problems create a gap between the academic achievement of urban schools
and rural schools (Acar Giivendir, 2014; Adaman & Keyder, 2006; Gedikoglu, 2005; Giivendir,
2015; Ozer Ozkan & Acar Giivendir, 2014). Studies in other parts of the world also provide
similar findings with that of Turkey. Raudenbush, Cheong and Fotiu (1996), Goddard,
Sweetland and Hoy (2000), Abbott, Joireman and Stroh (2002), Lee, Zuze and Ross (2005),
Berliner (2009), Fullarton, Lokan, Lamb and Ainley (2003), and Shiqi (2006) found that there is
a relationship between school location and achievement. According to Berliner (2009) schools
whose presence limits contain nonfunctional neighborhoods face greater challenges in nurturing
student achievement than do those that draw students from wealthier neighborhoods. Using
TIMSS data, Stephen (2002), Fullarton et.al. (2003) claimed that if the school is in a wealthy
neighborhood, the students who study in this school are more successful in terms of
mathematics than other schools located in poorer neighborhoods. Also class size of school is an
important issue for students’ achievement. According to Juan and Visser (2017) and Nye,
Hedges and Konstantopoulos (2000), smaller class sizes are positively related to higher levels of
achievement. These effects become higher as the class sizes are reduced.

In relation to the lack of school resources, Aslanoglu (2007) found through her research
on PIRLS that schools, which had libraries, were more successful than schools that did not have
libraries. Using PISA data, Acar and Ogretmen (2012) found that the availability of computers
and Internet access in schools have a positive relation with students’ achievement. The study by
Mullis, Martin, Foy, and Arora (2012) on TIMSS 2011 showed that, on average, successful
schools were more likely to have more instructional materials, such as computers. In a study
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that examined PISA 2003 data, Is Giizel (2006) found that the ratio of the mathematics teachers
and students in a school has an important relation with mathematics achievement. Similarly,
Caligkan (2008) stated that lack of teachers in a school negatively relates to students’
achievement. If the school does not have adequate number of teachers, the school’s success will
be lower than the schools that have more teachers. These studies have focused on either home
educational resources or school educational resources and their relationship with mathematics
achievement. Different from these studies this research addresses both home educational
resources and school educational resources concomitantly. The purpose of the study is to
examine how home and school educational resources are related to students’ mathematical
literacy in PISA 2012. In particular, this study addresses the following research questions:

1. Do the students’ mathematical literacies vary among the schools in PISA 20127

2. What are the home educational resources that are related to students’ mathematical
literacy in PISA 20127

3. What are the school educational resources that are related to students’ mathematical
literacy in PISA 2012?

Method

This research uses correlational research model in order to examine the relationship between
home educational resources (desk, own room, a quiet place to study, computer, Internet
connectivity, textbook, DVD player), school educational resources (public or private, school
location, class size, shortage of mathematics teachers, instructional materials, Internet
connection, library materials, buildings and grounds, heating, cooling and lighting) and
mathematical literacy in the PISA 2012. “The correlational method is a type of nonexperimental
method that describes the relationship between two measured variables (Jackson, 2015, 48).”

Sample

The universe of PISA 2012 in relation to Turkey forms approximately 1 million, 15 years-old
students. The sample of the study consists of 4308 students from 157 schools in Turkey who
participated in PISA 2012 (The Turkey sample of PISA 2012 includes 4848 students from 170
schools, but in this study missing values in 13 schools were removed from the analysis before
HLM was done). The sample of PISA was designated according to statistical region units level
1. In order for the sample to represent the universe, particular steps that are based on stratified
sampling were followed in PISA. The sample of PISA was formed by random sampling method
from 15 years-old students who studied at schools which were selected by considering specific
strata that reflected geographical structure of Turkey. In this study, whole statistics of the study
were conducted via this sample that was weighted on home (student-level 1) and school (level
2). Weighted sampling was preferred to make appropriate estimates that are based on results of
the study.

Data Collection Tools

The researcher in this study used the data that was obtained from OECD
(https://www.oecd.org/pisa/pisaproducts/pisa2012database-downloadabledata.htm). PISA
contains student, teacher, parents, school questionnaires and mathematics, science, and reading
literacy tests. PISA acquired information about the home educational resources variables (desk,
own room, a quiet place to study, computer, internet connectivity, textbook, DVD player)
through the “Yes” and “No” responses that the students had given for “Which of the following
are in your home?” question in the student questionnaire. The code “1” stood for “Yes”
response and the code “0” represented “No” response. The researcher in the current study
specified the home educational resources variables as Level 1 for the data analysis.

The students’ school educational resources (class size, shortage of mathematics
teachers, instructional materials, Internet connectivity, library materials, buildings and grounds,
heating, cooling and lighting) were used for Level 2. The code “1” stood for “Not at all”
response and the code “2” represented “Very little” response, the code “3” represented “To
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some extent” response, and the code “4” represented “A lot” response (the question for the
variable is: “Is your school’s capacity to provide instruction hindered by any of the following
issues?”. The code “1” represented “Public School” response and the code “2” represented
“Private School” response for school type variable (the question for the variable is: “Is your
school a public or a private school?”’). The code “1” represented “Village” response, the code
“2” represented “Small town” response, the code “3” represented “Town” response, the code
“4” represented “City” response, and the code “5” represented “Large city” response for school
location variable (the question for the variable is that “Which of the following definitions best
describes the community in which your school is located?”). All of the explanatory variables are
on ordinal scale. Also mathematical literacy test was used for determining the students’
mathematical literacy scores.

Data Analysis

PISA 2012 mathematics data set is used in this study. HLM was used for determining the
relationship between the students’ mathematical literacy and home and school educational
resources. HLM is often used in social sciences research to estimate a measurement model in
which multiple measurement items are hypothesized to assess a particular latent construct. HLM
is used when the data structure is hierarchical with units at Level 1 nested in clusters at Level 2,
which in turn may be nested in clusters at Level 3, and so on. The important thing is that the
structure of the data should be nested (Raudenbush & Bryk, 2002; Snijders & Bosker, 1999).
HLM is a particiular regression model that is designed to take hierarchical structure of
educational data into consideration (Raudenbush & Bryk, 2002). HLM is preferred as a
modeling technique because of the nested structure of the data sets and sampling procedures
used in data collection of PISA project. Educational data have a hierarchical structure, as
students are nested in classrooms, classrooms are nested in schools, whereas schools are nested
in cities, and cities are nested in regions etc. On the other hand, all the relations between home
(student) level factors, school level factors and mathematical literacy performance could be
investigated in HLM. Hierarchical linear models have been used in achieving three general
research purposes: improved estimation of effects within individual units; modeling cross-level
effects; and partitioning of variance and covariance components among levels.

The students’ home educational resources (desk, own room, a quiet place to study,
computer, internet connectivity, textbook, DVD player) presented Level 1. The students’ school
educational resources (public or private, school location, class size, shortage of mathematics
teachers, instructional materials, Internet connection, library materials, buildings and grounds,
heating, cooling and lighting) forms Level 2. The students’ mathematics scores in PISA 2012
were considered as outcome variables. PISA uses attribution methodology and reports the
student performance through plausible values. Plausible values are a mixture of possible
proficiencies for the students that reached each score. PISA 2012 student data contains plausible
values for science, mathematics, and reading. Also there are five plausible values for each of the
scales. In this study, the mean of the mathematics scales (PVIMATH to PVSMATH) was used
as an outcome variable.

One-way ANOVA with Random effects, Means-as-outcomes regression model, The
Random Coefficient Regression Model, are used in two level HLM. As Raudenbush and Bryk,
(2002, p.26) put it, “the simplest possible hierarchical linear model is equivalent to a one-way
ANOVA with random effects. This model is fully unconditional i.e. no predictors are specified
at either Level 1 or 2. Means-as-outcomes regression model determines whether means from
each of many groups as an outcome to be predicted by group characteristics. Random-
coefficients regression model is the simplest case of this type. In these models, both the Level-1
intercept and one or more Level-1 slopes vary randomly, but no attempt is made to predict this
variation.”

In quantitative research, it is essential that the variables under study have precise
meaning so that statistical results can be related to the theoretical concerns that motivate the
research. In the case of hierarchical linear models, the intercept and slopes in the level-1 model
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become outcome variables at level-2. It is vital that the meaning of these outcome variables be
clearly understood (Raudenbush & Bryk, 2002, 31). The meaning of the intercept in the level-1
model depends on the location of the level-1 predictor variables, the Xs. Similarly,
interpretations regarding the intercepts in the level-2 models depend on the location of the Wj
variables. The numerical stability of estimation is not affected by the location for the Ws, but a
suitable choice will ease interpretation of results (Raudenbush & Bryk, 2002, 32). In this study,
two types of centering (group-mean centering and grand-mean centering) were used. Home
level factors (student-level-1 variables) were centered around the group mean. On the other
hand, grand mean centering was used for the school level factors (level-2 variables).

While SPSS 17.0 and Microsoft Excel 2010 were used for data organization, HLM 7.0
was used for HLM. The level of the statistics obtained from the study was considered as
minimum .05 in the significance test.

Findings

Two level HLM was used to determine home and school educational resources that are related
to students’ mathematical literacy in PISA 2012. In HLM, one-way ANOVA with random
effects model was used to examine whether mathematical literacy displays a significant
difference among the 157 schools. Table 1 shows findings related to that model.

Table 1. Final Estimation of Fixed Effects in One-Way ANOVA with Random Effects Model

Fixed Effect Coefficient Standard Error  t-ratio  p-value

Intercept., o 44471 5.93 75.05 .00

Considering the results on Table 1, the fixed parameters are significant (%°=9955.22, p<.01).
Mathematical literacy displays a significant difference among schools. This result means that
the mean value of the mathematical literacy among the 157 schools that participated in PISA
2012 varies significantly. Thus, students at school A have different mathematics scores than
students at school B.

Table 2. Final Estimation of Variance Components in One-Way ANOVA with Random Effects

Model

Random Effect  Standart Deviation Variance Component %2 p-value
Level 2 73.45 5394.49 9955.22 .00
Level 1 50.64 2564.38

The one-way ANOVA with random effects model separates the total variance that
belongs to mathematical literacy score into two components. These components are the variance
among students at schools (Level-1) and the variance among schools (Level-2). These
components are demonstrated as follows:

o*/(c*+1p)=2564.38/(2564.38+5394.49)=0.32
T00/(6% +T00)= 5394.49/(5394.49+2564.38)=0.68

According to these results, while 32% of total variance originates from the difference
among students, 68% is the result of the difference among schools.

Following the model 1, the study examined the relationship between the variables in
both levels. The correlation values between explanatory variables in the Level 1 are shown in
Table 2.

Level 1 Model,
Math Score(Yy)=Poi+p1;*(Desky)+52*(Ownroomy)+f3*(Study Placey)+p4*(Computer;)+
Bsi*(Internety) + Pos*(Textbooky) + B7,*(DVDy)+ ry

Level 2 Model;
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Loi=yot yi*(School Type)+yo:*(Location))+ yns3*(Class size)+yps™(Teacher;)+
ws*(Material)+ wes*(Internet)+ y;*(Library)+ ys*(Building)+ ywoe*(Heat;)+ ug
Bi=notyu

By=r0t 21

Bs=ys0t 131

By=yaotyu

Bsi=ysot ys1

Be=rsot 51

Bri=ynotyn

Bs=wsot ps1

Bo=yoot o1

Table 3. Final Estimation of Fixed Effects in Means-as-outcomes regression model and The
Random Coefficient Regression Model

Fixed Effect Coefficient Standard Error . p- Reh.ablhty Effect
ratio  value Estimate Size*

Intercept., yoo' 444.68 5.93 75.05  0.00 0.99

Desk, yio 10.93 2.77 395  0.00 0.11 0.30
Ownroom, 2 -2.89 2.14 -1.35 0.18 0.15 0.11
Study Place, y30 4.01 2.40 1.67 0.10 0.08 0.13
Computer, ¥4 10.58 2.77 3.82  0.00 0.16 0.29
Internet, yso -2.19 2.66 -0.82 041 0.21 0.07
Textbookyso 5.30 2.34 227 0.03 0.11 0.18
DVDyr 3.91 1.72 2.28 0.02 0.03 0.18
Intercept., yo 44472 5.71 77.82  0.00

School Type; y10 43.99 51.76 0.85 0.40 0.07
Location s -1.91 5.68 -0.34  0.74 0.03
Class sizeyso -4.03 2.58 -1.56  0.12 0.13
Teacheryy -6.56 6.72 -0.98  0.33 0.08
Materialyso 5.38 7.58 0.71 048 0.06
Internetyso -19.04 7.61 -2.50  0.01 0.20
Library yn -8.77 7.60 -1.15 0.25 0.09
Building s -4.96 6.18 -0.80 0.42 0.07
Heatyy 0.27 7.56 0.04 0.97 0.00

*Refer to the link http://www.uccs.edu/lIbecker/index.html for the calculation of effect size.

Table 4. Final Estimation of Variance Components in Means-as-outcomes regression model
and The Random Coefficient Regression Model

Random Effects Standart Deviation  Variance Component x2 p-value
Level 2, uy 73.49 5400.68 3435.13  0.00
Study Place, us; 8.79 77.29 136.13  0.02
Internet, us 15.90 252.92 145.89  0.01
Level 1, r 49.08 2409.26

Level 2 70.77 5008.70 8633.88  0.00
Level 1 50.64 2564.44

The results on Table 3 and Table 4 show that the variables at the student level that are
positively related to mathematical literacy are having a private study desk, computer, textbook,
and DVD player. Thus, students who have a private study desk, computer, textbook, and DVD
player have higher mathematics scores than the students who lack these resources.
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According to the study results, having a private room, a quiet place to study and Internet
connection at home are not significantly related to students’ mathematical literacy. The variable
that has the highest relationship with mathematical literacy is having a private study desk at
home. This variable is followed by having computer, textbook, and DVD player at home.
Moreover, 6% of the student literacy variance within the school can be described by the
variables examined in the model (See Acar, 2013 page 62 for the calculation procedure).

At the school level, the variable that is related to students’ mathematical literacy is
having Internet connection at school. Thus, the schools which have Internet connection have
lower mathematics scores than the schools which do not have Internet connection. Additionally,
7% of the school mean variance can be described by the school level variables (See Acar, 2013
page 62 for the calculation procedure).

When the effect size of the variables are examined, the variable that has the highest
relationship with mathematical literacy is having a study desk (effect size=.30), followed by
having a computer (effect size=.29), having school Internet connection (effect size=.20), having
textbooks (effect size=.18), DVD player (effect size=.18), a quiet place to study (effect
size=.13), class size (effect size=.13), own room (effect size=.11), shortage of library materials
(effect size=.09), mathematics teacher (effect size=.08), building and grounds (effect size=.07),
having Internet connection (effect size=.07), school type (effect size=.07), shortage of
instructional material (effect size=.06), school location (effect size=.03), shortage of heating,
cooling and lighting (effect size=.00).

Discussion and Conclusion

In this research, the purpose was to examine how home and school educational resources are
related to students’ mathematical literacy in PISA 2012. Also the study addressed the following
research questions which were “Do the students’ mathematical literacy vary among the school
in PISA 2012?”, “What are the home educational resources that are related to students’
mathematical literacy in PISA 2012?77, and “What are the school educational resources that are
related to students’ mathematical literacy in PISA 2012?”

A large part of the total variability stems from the difference among the schools. The
variables at the student level (Level 1) which are related to mathematical literacy are having a
study desk, computer, textbook, and DVD player.

Having an own study desk at home has the highest relationship with mathematical
literacy in this study. Similarly, Yang (2003) and Lynn and Mikk (2007) found that students’
home possessions are related to mathematics achievement in TIMSS. According to their studies,
there is a positive and high correlation between a study desk and mathematics achievement. If
the students have a study desk in the home environment, their mathematics scores in TIMSS are
higher than the other students who do not have a study desk at home. Ramirez (2006) also stated
that if Chilean students had the same socio-economic level as students in Miami which included
a study desk, they would attain similar mathematics performance. On the contrary, Ismail and
Awang (2008) found that there is a low relationship between mathematics achievement and
having a study desk in the home environment. As a result, mathematics score of the students
who have a study desk and mathematics score of the students who do not have a study desk are
not very different. In their study, while the least difference was found between those with and
without study desks, the largest difference was observed between students with and without
computers.

In this study, having a computer at home is another factor that is positively related to
mathematical literacy. Supporting this finding, studies of home computer access have exposed
similar correlations between academic achievement and having a computer at home (Attewell &
Battle, 1999; Attewell, Suazo Garcia, & Battle 2003; Borzekowski & Robinson, 2005; Fiorini,
2010; Fuchs & Woessman, 2004; Giivendir, 2015; Ismail & Awang, 2008; Jackson et al., 2006;
Judge, 2005; Lynn & Mikk, 2007). According to Giivendir (2015), if a student has a computer
in the home environment, his/her achievement is higher than other students who do not have a
computer in their home.
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DVD player which is one of the technological home educational resources is also
related to mathematical literacy in this study. Similarly, according to Ozer Ozkan and Acar
Giivendir (2014) home resources such as computer and DVD player have positive relationship
with mathematics achievement and literacy in OBBS and PISA data. “Therefore, it is necessary
to develop strategies for students to effectively use computers and advanced communication
technologies that can help them to improve their academic performance” (Lee et al., 2009, 226).
On the contrary, Dudaite (2013) found that material wealth such as DVD player at home has a
negative effect on students’ mathematics achievement.

Although having a computer and DVD player are crucial for mathematical literacy, the
other technological home educational resources such as having Internet connection at home was
found to have no relationship with mathematical literacy. Similarly, Jackson et al. (2006) found
that Internet use had no effect on mathematics achievement. On the other hand, Toriskie (1999)
claimed that Internet use had significant effect on the achievement of Hispanic children. The
literature that is related to the relationship between Internet connection and student achievement
provides contradicting results. For instance, Schmidt and Vanderwater (2008) noted that
technological resources are crucial on student achievement. If the students use technological
resources positively and for their educational goals, positive results can be estimated.

Having mathematics textbooks which is one of the student variables is related to
mathematical literacy in this study. The students, who have mathematics textbooks, have higher
mathematical literacy scores than the students who do not have mathematics textbooks.
Similarly, many researchers stress that adequacy of mathematics textbooks are important factors
in promoting student learning (Garner, 1992; Grouws & Cebulla, 2000; Jamison, Searle, Galda
& Heyneman, 1981; Robitalle & Travers, 1992; Schmidt, McKnight & Raizen, 1997; Schmidt
et al., 2001). Jamison, et al. (1981) found that the textbook had significant positive effects on
achievement through their experimental research. The availability of textbooks increased
student mathematics scores and reduced the achievement gap between urban and rural students.
Research has documented a strong effect of textbooks on the mathematics content that is taught
and learned (Porter, 1989; Robitalle & Travers, 1992; Schmidt, McKnight & Raizen, 1997;
Schmidt et al., 2001). Garner (1992) noted, “Textbooks serve as critical vehicles for knowledge
acquisition in school” (p. 53). However, the direct effect of textbooks on student achievement is
difficult to establish. Undoubtedly, other variables, including quality of teaching, contributes to
mathematics learning (Reys, Reys, Lapan, Holliday & Wasman, 2003), but textbooks are also
related to student opportunity to learning, so textbooks help student learning (Grouws &
Cebulla, 2000).

Study room, computer, textbooks, and DVD player demonstrate socio economic status
(Duncan & Brooks-Gunn, 1997; Sirin, 2005). Thus, having these resources is crucial for
mathematics achievement. In general, Is Giizel (2014), Demir, Kilic and Unal (2010), and Ziya,
Dogan and Kelecioglu (2010) stated that home resources are positively related to mathematics
literacy. Also Mullis, Martin, Foy and Arora (2012) claimed that home resources have high
relationship with mathematics achievement on TIMSS. Having these facilities are not easy for
families with lower incomes. Policy makers should especially focus on schools in
neighborhoods that include lower class families and provide facilities to them. Facilities in
schools are important for the students’ achievement as they spend a considerable time at school
during a day.

The variable at school level (Level 2), which is related to mathematical literacy is
having Internet connection in the school. If the schools provide Internet access, mathematical
literacy scores of the students, who study at these schools, are lower than the students who study
at the schools which do not provide Internet connection. Fuchs and Woessmann (2004) claimed
that there is a conditional relationship between student’ mathematics achievement and Internet
use at school. Thus, students who never use the Internet connection at school show lower
performance than students who sometimes use computers or the Internet connection at school.
On the contrary, Atar and Atar (2012) and Acar and Ogretmen (2012) found that students who
study at the schools that have computers with Internet access have higher science performance
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than the students who study at schools that do not provide this service. Further research is
necessary to examine these contradicting findings on the relationship between student
achievement and having access to Internet at schools.

Class size, shortage of library materials, mathematics teacher, building and grounds,
school type, shortage of instructional material, school location, and shortage of heating, cooling,
and lighting are not related to mathematic literacy. Whereas, Lay and Chandrasegaran (2016)
claimed that school resources shortage such as low number of teachers, instructional materials,
heating/cooling/lighting systems, school buildings and grounds, is positively and significantly
associated with students’ science achievement in Malaysia based on TIMSS data. Also, science
achievement changes among students attending the three types of schools were somewhat more
marked, with average science achievement highest in the big city schools followed by schools in
medium sized cities, and schools in rural areas or small towns. In addition, in some countries,
teacher shortages may exist partly as a result of poor working conditions. For instance, Johnson
(2006) emphasized that teachers who give up the profession after a few years are more likely to
leave because of poor working conditions than because of low payment. Therefore, this
situation affects students’ achievement. However, a study of relation between class size and
achievement found that class size has almost no relationship with achievement (Hattie, 2009),
while Juan and Visser (2017) and Nye, Hedges, and Konstantopoulos (2000) claimed that
schools that have smaller class sizes, have higher levels of achievement. According to Hanushek
and Woessmann (2017), class size is a related variable only in surroundings with low teacher
quality.

The overall examination of the study findings shows that access to educational
resources both at home and school is related to a student’s mathematics achievement. Hence,
teachers, school administrators, and educational policy makers should identify students who do
not have immediate access to these resources and come up with applications that eliminate these
limitations. In this sense, the gap among students’ achievement might be decreased and the
educational equality might be increased. The limitation of the study is the limited number of
dichotomous variables. Thus, the student literacy variance within the school that is described by
the level 1 variables and the school mean variance that is described by the level 2 variables are
small.
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Uzun Oz

Giris

Biiytik olcekli sinavlar 6grencilerin basari durumlarini belirleyerek, basart durumuyla iliskili
olan degiskenleri de ortaya koyan uluslararasi veya ulusal Olgekte yiiriitilen genis capli
calismalardir. Biiyiik 6lgekli savlardan Uluslarast Ogrenci Degerlendirme Programi- Program
for International Student Assessment (PISA), Iktisadi Isbirligi ve Gelisme Teskilati-
Organization for Economic Co-operation and Development (OECD) tarafindan yiiriitiilen 15 yas
grubu dgrencilerin okuma, matematik ve fen okuryazarliklarini tiger yillik periyotlarla Slgen
uluslararasi, kapsamli bir programdir. Bu sayede iilkeler, &grenci basarilarin yerini
uluslararas1 Olgekte gorerek, diger iilkelerle karsilastirmalar yapabilmektedirler. Program her
uygulamada, okuma, matematik ve fen okuryazarliklarindan birine agirlik vermektedir. 2012°de
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agirlik verilen alan matematik olup, Ogrencilerin ev egitim olanaklari, aile durumlari
(sosyoekonomik diizey, egitim durumu) 6gretmen 6zellikleri ve okullari ile ilgili bilgiler de elde
edilmektedir. Ogrencilerin PISA matematik okuryazarlik durumu elde edilen bu degiskenlerle
iligkili olabilir. Buradan hareketle bu c¢alismada PISA 2012 Tiirkiye orneklemi {izerinden
Ogrencilerin matematik okuryazarlig: ile iliskili olan ev ve okul egitim olanaklarinin neler
oldugunun belirlenmesi amaglanmistir. Boylelikle 6grencinin ev ve okul egitim olanaklarindan
hangilerinin matematik okuryazarligi ile iliskili oldugu belirlenerek hangi degiskenler {izerinde
onemle durulmasi gerektigi ortaya konmustur.

Yontem

Bu aragtirmada PISA 2012’de 6grencilerin matematik okuryazarliklart ile iliskili olan ev
(calisma masasi, kendine ait oda, sessiz ¢alisma yeri, bilgisayar, internet, ¢alisma kitabi, DVD
materyaller, internet baglantisi, kiitliphane materyalleri, binalar ve alanlar, 1sinma, sogutma ve
aydinlatma) egitim olanaklar1 belirlendigi i¢in ¢alisma, iliskisel arastirma modelindedir.
Aragtirmanin 6rneklemini PISA 2012’ye Tirkiye’den katilmig olan 4308 15 yas grubu 6grenci
ve 157 okul olusturmaktadir. Birinci diizey igin 6grenci verileri, ikinci diizey icin ise okul
verileri kullanilmigtir. Arastirmanin  verileri, OECD (https://www.oecd.org/pisa/) internet
sayfasindan elde edilmistir. PISA’da yer alan ev (¢aligma masasi, kendine ait oda, sessiz bir
calisma yeri, bilgisayar, internet baglantisi, caligma kitabi, DVD oynatic1) degiskenlerine “Evet”
ve “Hayir” seklinde cevap verilmistir ve buna gore “Evet” i¢in “1” “Hayir” i¢in “0” kodlamasi

materyaller, internet baglantisi, kiitiiphane materyalleri, binalar ve alanlar, 1sinma, sogutma ve
aydmlatma degiskenlerine “Hi¢”, “Cok az”, “Bir dereceye kadar” ve “Cok” seklinde cevaplar
verilmistir. Buna gore “Hi¢” icin “1”, “Cok az” ig¢in “2”, “Bir dereceye kadar” i¢in “3” ve
“Cok” igin “4” kodlamas1 yapilmistir. Okul tiirli, “Ozel” ve “Devlet” okulu seklinde
cevaplanmistir. Buna gore “Devlet okulu” igin “17, “Ozel okul” igin “2” kodlamas1 yapilmstir.
Okulun bulundugu bélge degiskeni “Koy”, “Kasaba”, “ilge”, “II” ve “Biiyiik sehir” seklinde
tammlanmis ve “Koy” igin “1”, “Kasaba” igin “2”, “Ilge” icin “3”, “iI” icin “4” ve
“Biiyiiksehir” i¢in “5” kodlamas1 yapilmistir.

Hiyerarsik lineer modelleme, PISA 2012’de Ogrencilerin matematik okulyazarlig: ile
iligkili olan ev ve okul egitim olanaklarmin belirlenmesi i¢in kullanilmistir. Caligmada
kullanilan veri, ev ve okul olmak {izere iki diizeyli oldugu igin hiyerarsik bir yapi
gostermektedir. Hiyerarsik yapili verilerin analizinde herbir diizey birbirinden ayri
diisiiniilemeyecegi i¢in ¢ok diizeyli analizlerin kullanilmasi uygun olacaktir. Bu yiizden bu
caligmadaki veriler hiyerarsik bir yapiya sahip oldugu icin ¢ok diizeyli modellerden hiyerarsik
lineer model kullanilmigtir. Matematik okuryazarligi ¢ikti degiskenini, 6grenci diizeyindeki ev
egitim olanaklar1 birinci diizey acgiklayici degiskenleri, okul diizeyindeki okul egitim olanaklar1
da ikinci diizey agiklayici degiskenleri temsil etmektedir. Hiyerarsik lineer modelde tesadiifi
katsayili tek yonlii ANOVA modeli, ortalamalarin ¢ikti oldugu regresyon modeli, tesadiifi
katsayili regresyon modeli kullanilmistir.

Veri analiz edilmeden 6nce verileri diizenlemek icin SPSS 17.0 ve Microsoft Excel
2010, hiyerarsik lineer model igin HLM 7.0 kullanilmistir. Manidarlik testi i¢in .05 diizeyi esas
alimmustir.

Bulgular
Arastirma bulgularina gore, sabit parametreler manidar bulunmustur. Matematik okuryazarlig
okullar arasinda manidar bir farklilik gostermektedir. Buna gore A okulundaki 6grencilerin
matematik okuryazarlik puanlar1 B okulundaki 6grencilerden farklidir. Tesadiifi etkili tek yonlii
ANOVA modeli sonuglarina gore, toplam varyansin %32’si dgrenciler arasindaki farkliliktan,
%068 ise okullar arasindaki farkliliktan kaynaklanmaktadir.

Tesadiifi etkili regresyon modeline gore birinci diizeyde Ogrencilerin matematik
okuryazarligi ile iligkili olan degiskenler ise ¢alisma masasi, ¢alisma kitabi, bilgisayar ve DVD
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oynatici degiskenleridir. Buna gore evinde c¢alisma masasi, ¢aligma kitabi, bilgisayari ve DVD
oynaticist olan dgrencilerin matematik okuryazarlik puani evinde bu olanaklara sahip olmayan
Ogrencilere gore daha yiiksektir.

Ortalamalarin ¢iktt oldugu regresyon modeline gore ikinci diizeyde matematik
okuryazarlig ile iligkili olan degisken okulun internet baglantisina sahip olmasidir. Buna gore
internet baglantis1 olan okullardaki 6grencilerin matematik okuryazarligi internet baglantisi
olmayan okullarda 6grenim goren 6grencilerden daha diisiiktiir.

Matematik okuyazarligi ile en yiiksek iliskiye sahip degisken calisma masasi degiskeni
iken bunu bilgisayar, okulun internet baglantisina sahip olmasi, ¢aligma kitabi, DVD oynatici,
sessiz bir ¢aligma yeri, smf biiyiikliigl, kendine ait odanin olmasi, kiitiiphane materyallerinin
eksikligi, matematik 6gretmeni eksikligi, bina ve alanlar, evde internet baglantisinin olmasi,
okul tiirli, 6gretim materyallerinin eksikligi, okulun bulundugu yerlesim yeri, 1sinma, sogutma
ve aydinlatma eksikligi degiskenleri izlemektedir.

Sonu¢

Bu ¢aligmada 6grencinin sahip oldugu calisma masasi degiskeninin matematik okuryazarligi ile
iliskisi en yiiksektir. Buna karsin okuldaki 1sinma, sogutma ve aydinlatma eksikligi degiskeninin
matematik okuryazarligi ile iliskisi en diistiktiir.

Ogrencilerin ev ve okul egitim olanaklar1 sahip olduklar1 c¢evredeki fiziksel firsatlarla
dogrudan iliskilidir. Bu yiizden egitimde firsat esitliginin saglanmas1 adina egitim politikalar
ozellikle bu kaynaklara sahip olmayan Ogrenciler lizerine odaklanmali ve onlarin egitimsel
kaynaklara ulagimlarini saglamaya yonelik ¢alismalari icermelidir. Boylelikle 6§renci basarilari
arasindaki fark azaltilabilir ve egitimdeki firsat esitligi artirilabilir.
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