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ABSTRACT

Purpose- In the PISA (Program for International Student Assessment), science and mathematics literacy are emphasized. PISA data are
being benefited in directing education policies. In this study, it was aimed to determine the relationship between Mathematics Literacy,
Mathematics Content Knowledge and Science Literacy of 15 years old students in Turkey by using PISA 2012 data. Moreover, it was aimed
to reveal whether there is any relationship between the time spent on science and mathematics outside the school and students’ Science
Literacy.

Methodology- This study is a descriptive research. As a research instrument, the researchers used the results of cognitive tests utilised by
PISA in 2012 to assess students’ science and mathematics literacy skills. The data were obtained from the official website of PISA. In this
study, parametric tests were used in evaluating the quantitative data. An ANOVA test and the correlation were used.

Findings- The results show that there is a positive and meaningful relationship between Mathematic Literacy, Mathematic Content
Knowledge and Science Literacy. Furthermore, it was found that there is a positive and meaningful relationship between the time spent on
science and mathematics outside the school and students’ Science Literacy.

Conclusion- According to the results of this study, it might be said that Mathematics literacy, Mathematics Content Knowledge and the
time devoted by students to Mathematics and Science outside of the school increase, the Science Literacy increases. In addition, it was
revealed that the students who have a good understanding of Mathematics are more positive in Science Literacy. Therefore, the
mathematical concepts related to the science should be included in the science curriculum after being taught in the mathematics course,
this will contribute to science literacy of the students.

Keywords: Science, science literacy, PISA 2012, mathematic literacy, mathematic content knowledge
JEL Codes: 120, 121

1. INTRODUCTION

In today's information society, it is the crucial indicator to determine what students know, how much they know, how much
they have the skills, and what are the deficiencies in their knowledge and skills, in revealing the current situation of the
education system (Ozer & Anil, 2011). This situation is also valid for Science which is one of the special areas of education.
In developing Science Curriculum, the curriculum developers should develop new goals and objectives as individuals reach
to the desired levels in line with the vision the curriculum developers have developed (Buytkalan Filiz & Kaya, 2013). In this
regard, it is possible to train individuals who can adapt to different conditions and think different, flexible and original,
which is the most important objective of education (Ozsoy-Giines & et al., 2013). Therefore, the importance of developing
new generation as literate, as well as scientifically literate, is increasing day by day, to achieve and maintain the level of
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contemporary civilizations in the future, to create and develop technologies to meet the demands of the society, and to
create the infrastructure of the future technologies by foreseeing the demands of the future generations (Kaya & Dogan,
2016).

The changing needs of the society require some changes in the competencies of the students who graduate from
educational institutions. In this context, Turkish Ministry of National Education has revised the “Science and Technology
Curriculum” which put into practice in the 2004-2005 academic year. The revised curriculum is now called as “Science
Curriculum” and is being gradually started to apply from the 5th grades in the 2013-2014 academic year (Kaya & Tasdemir,
2014). The vision of both the Science and Technology Curriculum and Science Curriculum is defined as “to educate all
students as scientifically literate individuals". Through scientific literacy, it was aimed to cultivate curious and sensitive
people in their own veil of the nature (Kaya & Kazanci, 2009).

The most important element of being an information society is education, and the necessity of the concept of literacy in
education programs has been revealed through the research. In today's program development studies, the concept of
literacy is more detailed. Even though scientific literacy is widely used to achieve desired outcomes in science education, it
seems that there is not yet any consensus on its definition (DeBoer, 2000). Researchers are trying to draw some boundaries
on what this concept should be understood and how it can be assessed. In terms of its scope, the concept of literacy
consists of Science Literacy and Mathematical Literacy. While Science Literacy is used to describe the questions of the
possessed science knowledge, acquire new knowledge, explain the scientific facts, makes inferences based on the scientific
evidences and, as a thoughtful citizen, deals with scientific issues and scientific ideas; Mathematical Literacy involves the
ability to recognize and formulate mathematical problems in a variety of situations using mathematics more broadly and
functionally (PISA 2007).

Even though reading skills, Science and Mathematics Literacy are independently evaluated, the research show that there is
interdisciplinary links between them (Baskan Takaoglu, 2015; Giineyli et al., 2010; Kanatli & Cekici, 2013; Ozer & Anil, 2011;
Wang, 2005). This link allows students to gain the abilities to think and evaluate and life-orientation benefits through
integrating different disciplines (Kanatl & Cekici, 2013). This is due to the interdisciplinary relations being related to the
integration of knowledge and skills specific to different disciplines, the establishment of links and the formation of
comprehensive learning areas (Glneyli, et al., 2010). Especially this situation is frequently encountered in science. One of
the reasons for this is the fact that learning through making connection between different disciplines contributes positively
to link science, technology and society (Baskan Takaoglu, 2015). Another reason is that science and mathematics are the
fields in which the applications of knowledge that support each other and outcomes of learning are clearly visible
(Saracaloglu, et al., 2006). In fact, John Perry, a professor of mathematics, remarked that in 1901 there was a need for more
correlation between mathematics and science teaching (Kullman, 1966). The relationship between science and
mathematics is used in different ways by science and mathematics education communities (Davison, et al., 1995). One of
the examples of this situation is that the applications of Science-Technology-Engineering-Mathematics (STEM) which
started to be used in recent years. Two of these four concepts are science and mathematics, and the relationship between
these concepts is tried to be conveyed to the curriculum. From this respect, the curriculum developers should be supported
through researches carried out both at national and international levels.

The International Student Assessment Program (PISA) provides us with noteworthy information on whether students are at
the expected level and whether they have achieved the desired level compared to other countries. PISA is administered by
the Organization for Economic Cooperation and Development (OECD) to students in the age group of 15. In PISA tests, the
data are collected concerning students’” Mathematical Literacy, Science Literacy and Reading Skills as well as their
motivation, learning styles, school settings, families, and their opinions about themselves. PISA, which has been regularly
and consistently applied every three years since 2000, is carried out in the form of cyclical weighting of one of the areas of
mathematics, science and reading skills (MEB, 2015). In PISA; the emphasis is placed on the importance of the concepts of
Science and Mathematical Literacy, and life-long learning, and it is aimed to use the data related to learning outcomes in
directing education policies (MEB, 2010a; MEB, 2010b). At PISA 2012, paper-pencil assessment was used and each student
was taken to a two-hour evaluation that included multiple-choice tests, closed-ended questions, structured open-ended
questions and short-answer questions (NCES Handbook of Survey Methods, 2014).

In Turkey, researchers aim to develop the science curriculum in the direction of the analysis of the data obtained from both
national and international assessment programs. In order to contribute this, the aim of this study was to determine the
relationship between Mathematics Literacy and Mathematics Content Knowledge and Science Literacy of Turkish students
according to PISA 2012 data. Accordingly, it will be determined whether there is any meaningful relationship between
Mathematics Literacy and Mathematics Content Knowledge and Science Literacy. Furthermore, it will also be attempted to
show whether the time students devote to science and mathematics outside of the school is an effect on Science Literacy.
Therefore, in the following parts of this study, the information about the methodology will be given, then the findings will
be presented, and finally, it will be concluded by some suggestions for science curriculum developers and science teachers.
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2. METHODOLOGY

The model of this research is a descriptive study. The main purpose of the descriptive analysis is to provide the reader with
the ability to summarize and interpret the findings obtained with the aid of the obtained data (Yildirnm & Simsek, 2003). At
PISA 2012, cognitive tests were used to measure skills in science and mathematics literacy. In this study, the data collected
through student surveys, science and mathematics literacy cognitive tests utilized in PISA 2012 were benefited from.

The data have been obtained via the internet from the official PISA site (http://www.pisa.oecd.org). SPSS 15 program was
used to analyze the data. In the analysis, relationships between predictor variables (Mathematical Literacy and
Mathematical Content Knowledge) and dependent variable (Science Literacy) have been tested. In this way,
interdisciplinary connections can be revealed. In this study, parametric tests were applied in evaluating the data obtained
from the analysis of quantitative data. An ANOVA test was used to test whether three or more averages were equal.
Correlation analysis was also performed.

3. FINDINGS

In this section, through SPSS analysis, the answer was sought to research question. The results of the analysis are displayed
in the tables according to whether they are statistically significant or not. Table 1 shows the correlation between Science
Literacy (SL) and Mathematical Literacy (ML).

Table 1: The correlation between Science Literacy (SL) and Mathematical Literacy (ML)

SL ML

r 1
SL

N 4848

r ,914(**) 1
ML p ,000

N 4848 4848

** p<0.01

As can be seen in the Table 1., there seems to be a positive and meaningful relationship between Science Literacy and
Mathematical Literacy at a high level (r = 0.914, r’ =0,84 p < .01). Accordingly, it can be said that as Mathematical literacy
increases, Science Literacy increases. In other words, any kind of work or activity to increase Mathematical Literacy of the
students will contribute to Science Literacy of the students. It can also be said that approximately 84% of the variance
observed in Science Literacy depends on Mathematical Literacy.

Table 2 shows the correlation between Science Literacy and the topics related to mathematics content knowledge.

Table 2: The correlation between Science Literacy and the topics related to Mathematics Content Knowledge

.. . Arithmetic
Divisor - Rational Polveons mean
SL common divisor Numbers (:;i) (AO)
(BK) (RK)
R 1 ,313(*%*) ,271(**) ,186(**) ,313(**)
SL P ,000 ,000 ,000 ,000
N 4848 4848 4848 4848 4848

** p<0.01

There appears to be a positive and positive relationship between Science Literacy and Mathematics Content Knowledge at
moderate or low levels (rgq = 0.313, rg’ = 0.10; rpe= 0.271, rpe’= 0.04; rpy = 0.186, rpy” = 0.04; rao = 0.313, rao” = 0.10 p < .01).
It can be stated that approximately 10% of the variance observed in Science Literacy depends on the concepts of "Divisor"
and "Arithmetic Mean", and 4% on the concepts of "Rational Number" and "Polygons". Accordingly, it can be said that as
Mathematics Content Knowledge increases, Science Literacy increases. In other words, any work or activity that enhances
the Mathematics Content Knowledge will contribute to the Science Literacy of the students.
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Table 3 shows the results of ANOVA according to Science Literacy and Mathematics Content Knowledge.

Table 3: The results of ANOVA according to Science Literacy and Mathematics Content Knowledge

Source of Sum of Mean Significant

variance squares sd square F P difference n2
Between 3240666, 1 5 648133,2
groups
Divisor -
common With-in group ~ 25012990,7 4842 5165,8 1255 .000 A-BA-CADAE 012
divisor
Total 28253656,8
Between 2426908,6 5 485381,8
groups
Rational
Numbers With-in group 25826748,3 4842 53339 910 .000  A-B,A-C,A-D,A-E 0,09
Total 28253656,9
Between
1591377,1 5 318275,4
groups
Polygons With-in group 26662279,8 4842 5506,5 57,8 .000  A-B,A-C,A-D,A-E 0,06
Total 28253656,9
Between 3276360,1 5 655272,0
groups
Arithmetic
mean With-in group 24977296,8 4842 51585 127,1 .000 A-B,A-C,A-D,A-E 0,12
Total 28253656,9

The results of the analysis show that there is a meaningful difference in terms of Science Literacy averages and the topics of
Mathematics Content Knowledge of Turkish students, Fgiyisors(5,4842) =125,5; Frational Numbers(5,4842) =91,0; Fpojigons (5,4842)
=57,8; Farithmetic mean (5,4842) =127,1; p < 0.01. According to the results of the Scheffe test, Science Literacy of the students
who understand the concept of "divisor" (A) (X = 497,90) were more positive than those who heard this concept frequently
(X=447,54) (C) those who heard once or twice (X=409.49) (D) and those who had never heard (X= 413,97). Science Literacy
of the students who understand the concept of "rational numbers" (X= 489,34), were more positive than those who heard
this concept frequently (X= 445,47), those who heard it several times (X= 421,36), those who heard once or twice
(X=395,59) and those who never heard (X= 423,64). Science Literacy of the students who understand the concept of
"Polygons" (X= 507,59) more positive than those who heard this concept frequently (X= 458,20), those who hear several
times (X= 453,85), those who hear once or twice (X= 449,57) and those who never heard (X= 450,40).

Science literacy of the students who understand the concept of "arithmetic mean" (X= 495,60) more positive than those
who heard this concept frequently (X= 442,84), those who heard several times (X= 430,34), those who heard once or twice
(X=417,46) and those who had never heard (X= 405,14).

Table 4 shows the correlation between Science Literacy and the time devoted to Mathematics Outside of the School Time
(MOST) and Science Outside of the School Time (SOST).
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Table 4: The Correlation between SL and the MOST and SOST

SL MOST SOST

r 1 ,109(**) ,102(*%*)
SL p ,000 ,000
N 4848 4848 4848

** p<0.01

There appears to be a positive and meaningful relationship between the Science Literacy and the time devoted to
Mathematics Outside of the School Time (MOST) and Science Outside of the School Time (SOST) at low level (ryosr = 0.109,
rMOSTZ:O,Ol; rsost= 0.102, rSOSTZ:O,Ol, p < .01). Accordingly, it can be said that as the time devoted to Mathematics and
Science Outside of the School Time increases, the Science Literacy increases. When Figure 1 is examined, 41% of Turkish
students who participated to PISA 2012 test stated that they do not devote any time to mathematics and 46% to science.
Therefore, it might be said that not devoting any extra time to mathematics and science outside of the school time might
affects students' science literacy negatively.

Figure 1: Time devoted to Mathematics Outside of the School Time (MOST) and Science Outside of the School Time
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5. CONCLUSION and SUGGESTIONS

The findings of this study presents that there seems to be a positive and meaningful relationship between Mathematical
Literacy, Mathematics Content Knowledge and Science Literacy. It was also found that there seems a positive and
significant relationship between Science Literacy and the time devoted by students to Mathematics and Science outside of
the school. According to this, it might be said that Mathematics literacy, Mathematics Content Knowledge and the time
devoted by students to Mathematics and Science outside of the school increase, the Sciences Literacy increases. In
addition, it was determined that the students who have a good understanding of Mathematics are more positive in Science
Literacy. For this reason, while science curricula are being planned it should be considered that, the mathematical concepts
related to the science should be included in the science curriculum after being taught in the mathematics course, this will
contribute to science literacy of the students. For example, in order to understand the concepts such as "speed" and
"density" in a more qualified way, mathematical concepts related to these concepts must be learned in advance. In
addition, science teachers should adopt interdisciplinary approach and should spare some time to these mathematical
concepts in their lessons (Kaya, et al., 2012). Science Curriculum developers should take into consideration the effect of the
disciplinary concepts on teaching of science topics.

Furthermore, students should be encouraged to participate in science and mathematics activities outside the school.
Especially in this context, science teachers should be role models to the students and parents in visiting various non-school
environments (Kaya, et al., 2014).
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